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FRONT COVER: GUIDED MISSILE AND AIRCRAFT progress hinge on rodio and electronic developments.
Thot's the feeling in military circles. According te Mojor General Donold L. Putt of the Air Force Research
and Development Commond, ‘‘the scheduled introduction of guided missiles into aperational units depends
primarily on the accuracy ond reliability of guidance and control systems.”™ So far, two missile types are known
to be in production. These are believed fo be Nike and Corporol E. A significant trend in airbarne control
systems is the use of digital computers for launching and directing pilotless craft. Although hampered by the
size and complexity of progrom and memory units, the digital computer is getting the nod aver the analog
type because of lower accuracy deteriaration in succeeding stages, greater flexibility for a variety of applica-
tions, and adapfability to simpler production techniques.
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Selecting the proper filter network component for a critical electronic
application is not exactly comparable to fitting a piete to a puzzle. In filter
networks the criteria are not quite as superficial as proper size, shape, etc.

Even compliance with atténuation requirements is not usually sufficient. There’

are a multitude of hidden factors in the manufacture of an audio filter that
go much deeper than these qualifications.

Here in Burnell & Co. we concern ourselves with all the phases in
the design of a filter of superior quality, To maintain our high standard we
manufacture our toroids with the most modern facilities and quality con-
trolled methods. The capacitor components employed are either the finest
silver mica type or are wound with plastic dielectric material employing no
impregnants that may affect the life or long term stability. All other com-
ponents are just as carefully selectéd and controlled.

This policy of incorporating only the best ingredients coupled with
our advanced design method insure our customers that not only will our
filters meet the basic requirements but that they will also maintain all of their

characteristics under all the service conditions of equipment in which they

are used. {
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EXCLUSIVE MANUFACTURERS OF COMMUNICATIONS NETWORK COMPONENTS
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Broadcast Stations in U.S. ,
AM  FM 1A TELEVISION-APPLIANCE SALES NOW EXCEED AUTOS
Stations on 2364 590 138 VHF Under the impact of swelling television output, total annual retail television-
Air 19 UHF ! 7
Under Construc- 149 66 109 VHF appliance sdles to American homes have now, for the first time, passed yearly
tion {CPs) 2117 UHF doll 1 f bil
14 Educational ollar sales of passenger automobiles.
Apgé:gi‘:;" 221 10 ;gé ‘d;‘: Figures compiled by Caldwell-Clements’ Mart & Television Refoiling show that

TV-appliance merchandise is now going into U, 5. households at the rate of $10

. . . hillions annually, as compared with the latest official riy total of 4,130,000
Radio and TV Receiver Production o i $51 Billions Ly e

passenger cars for which purchasers paid $9.1 hillions.

v Radio And if the tremendous television-appliance servicing and repair business is
March, 1953 Home 354,000 . . .
Bailery 124,000 included, the present annual velume of the TV-appliance industry exceeds $11
Aute 510,000 billions.
Clock 236,000 . . )

Yotal 667,000 1,224,000 Television, radio and associated products and servicing make up the largest
Three months single category, comprising nearly 40% of the $11 bhillion total of *plug-in"
(Jan.-March '531 2,086,000 h g egery prising y i $ pivg
Three months ome equipment.

1952 1,324,000
Transitor Expansion 1948 1949 1950 195 1952

12

The new Western Electric Co. plant at
Laureldale, Pa,, will have capacity to pro-
duce a milliop tranisistors a month, all to N
be used by Armed Forces and Bell System.
Meanwhile, Bell Laboratories have 300 of
their 2300 researchers working on solid- o)
stute devices. Nearly 100 at RCA's Prince-
ton laboratory are assigned to similar
projects, 9

The Signal Corps has applied $13,000,- °
000 to financing the Laureldale plant and
pilot production lines at General Electric, 8
Raytheon, RCA and Sylvania, declares
Fortune writer, Francis Bello.

Electronic Aids to Aviation

Already, 365 omniranges are operating
out of a program of 414, according to Civil
Aeronautics Administrator Charles F. Horne.

BILLIONS OF DOLLARS

Approximaiely 45,00 miles of airways 5

have been established for aircraft with _
emnirange equipment, while 70,000 miles 4 ( Gurrent Soles,at Refoil)
of low-frequency airways still are in oper- Television, Radio,Serw‘cing“.$ 4,300,000,000
ation. *As soon as sufficient aircraft are Refrigerotors, Freezers.. ... 1,840,000,000
cquipped with omnirange receivers_und 33— g‘z?ﬁ;a:gggfgﬁ;zmemm_- 8938’888'888
our YOR airways coverage is adequate, we Electric chges- 540:000:000
expect te turn off most low-frequency Vacuum Cleaners .. ... 300, 000, 000
ranges,” he said. Mr. Horne reports the 2 Air Congdltianers__..__._____. 240,000,000
nrew Distonce Measuring Equipment has - Misc:incl.Bu!bs,Suppfies,erc._ 1,000,000,000
been installed and tested along the very- { Appliance Repalrs, Lobor..... 1,100, 000,000
high-frequency dgirway between New York

and Chicago. In the next 18 months, more

than 400 additional emniranges will be 0 e—————————

equipped with DME. 1948 1949 1950 195l 1952

See alse Caldwell-Clements Statistics in World Almanac, Encyclopaedia Britannica, National Conference Board Ecoromic Almanac, and ‘‘Information Please'’ Almanac
TELE-TECH & ELECTRONIC INDUSTRIES ¢ May 1953 2
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. . . this giguntic'_-'new. Continental Transmitter develops F!

Now it can be told. Continental Electronics of Dallas is busy at work helping
- N to keep the Voice of America loud and clear around the globe. Continental
‘ ) b engineering skill is working hand in hand with the Department of State to

bring unprecedented power and clarity to international broadcasting.

In spreading the word of freedom, the Continental Type 105-B Super Power
1,000 kw AM Transmitter is America’s bold, dramatic answer to the prob-
lems of geographic difficulties and Communist jamming operations. This
electronic Goliath is the first Megawatt AM Transmitter ever built in the

world. Photographs are of the transmitter proper and do not include other

20 timeS as powerful as t"le. ;2
largest AM Broadcast Radio
Station operating in the U.S.A.!
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1 Million Watts peak power for VOICE OF AMERICA Broadcasts

items such as low power drivers, cooling equipment and power supplies. : fn vy

Fedatures of the Transmitter

Continental is proud to take part in this vital American operation, being N _ _ .

Y -Unmodulated -carrier— 1,000,000
watts. Peak power 100°%, moduld-
tion— 4,000,000 watts.

currently conducted by the Department of State and its International Infor-
mation Administration, to bring hope and enlightenment to peoples of

Communist dominated lands ... to assure that the Voice of America is not ; : R
s Performance characteristics far sur-
drowned out in an electronic maze of din and discord. pass FCC requirements for standard

broadcust transmitters.

% High-efficiency finear power ampli-
fiers utilizing high -gain tubes and:
most medern techniques in circuitry.

¥ Overall efficiency, from power
mains to radiated power, better
than 50°/,.

% All of the metering, tuning controls
and power control have 'béen cen-
tralized on a console type of control
and tuning unit. ]

MANUFACTURING COMPANY

4212 S. Buckner Bivd.  Phane Evergreen 1137 - Dallas 10, fexak
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the New BERKELEY

'MICROSECOND
TIME INTERVAL METER

focleld 5720

Model 5120 provides direct reading of

elapsed time between any two events, in increments of one
microsecond, to a maximum of 1 second. Accuracy is =+ 1
microsecond, = crystal stability (3 parts in 106). It consists of

a power supply, a 1 megacycle crystal oscillator, an electronic

gate with start-stop channels for external control, and six cas-
caded BERKELEY decimal counting units. The first event
“pulse” opens gate, passing 1 megacycle time base signal to
counting units. Second event “pulse” closes gate; elapsed time

is displayed in microseconds. Input pulses may be either polar-

ity; attenuators permit selection of optimum amplitude. Stand-

ard modifications are available to supply marker pulses from
slowly changing wave forms to actuate start-stop channels, to
extend range and accuracy by factor of 10, to extend total range

to 1,000,000 seconds, or to permit use as an electronic counter,

Z 7 s Simplicity of operation and ease of reading

make the Model 5120 ideal for both production line and laboratory
use for relay and switch timing, accurate measurements of viscosity,
elasticity, low frequencies, rates of motion, timing of photographic
components, duration of light flashes, and many other applications.

RANGE: 3 microseconds to 1 second
ACGCURACY: + 1 microsecond, + crystal stability (3 parts in 108),
POWER REQUIREMENTS: 117 v. (+ 10%), 50-60 cycles, 175 watts,
INPUT SIGNALS:
START-STOP CHANNELS: Min, signal 5 v. peak; min. rate
of change 20 v., either polarity.
PHOTO CHANNEL: 50 mv. peak sensitivity, direct coupled,
1, 10 and 100 attenuation range.
COUNTER INPUT: 1 v. peak sensitivity.
ACCESSDORY SOCKET: Ground; 6.3 v. a.c., 2 a; 250 v., 20 ma;
4- 100 v., 10 ma; - 105 v., 5 ma. external reset.
DIMENSIONS, NET WT.: 2034" wide x 19" high x 15” deep; 110 Ibs.
PRICE (F.0.B. RICHMOND): Model 5120, $995.

M-10 For complete information, please request Bulletin 805

jvision of BECKMAN INSTRUMENTS INC.
2200 WRIGHT AVENUE « RICHMOND, CALIFORNIA

“DIRECT READING DIGITAL PRESENTATION OF INFORMATION"’

HELESHEGH

DR. O. H. CALDWELL M. CLEMENTS

Editorial Director Publisher
BERNARD F. OSBAHR  DR. A. F. MURRAY
Executive Editor Consuiting Editor
HARRY D, WULFORST ALBERT FORMAN
Assistant Editor Assistant Editor
JOHN H. BATTISON B. V. SPINETTA
Confributing Editor Directory Editor

ROLAND C. DAVIS, Washington News Editor
CHARLES DREYER, Art Director
GAIL CARLSON, Editorial Secretary
Lf. Col. STANLEY GERSTIN Consulting Edifor

{Vice Pres. & Gen. Mgr., Caldwell-Clements
Manuals Corp.]

BUSINESS DEPARTMENT

M. H. NEWTON, Business Manager
HOWARD A. REED, Genera! Sales Manager
HAROLD PRINCE, Sales Promotion Manager

JOSEPH DRUCKER, District Manager
JAMES S. COLEMAN, District Manager
N. McALLISTER, Asst. Business Manager

A. O'ROURKE, Production Manager

A SHILLIN, Asst. Production Mgr.
BARBARA MILLER, Recder Service Dept.
480 Lexington Ave., New York 17, N. Y.

Telephone Plaza 9-7830

S. M. GASKINS, Western Manager
JOHN D. LUPTON, District Monager
201 N. Wells 8t., Chicago 4, .
Telephone RAndolph 6-9225

CHRIS DUNKLE & ASSOCIATES
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2506 W. Bth Street, Los Angeles 5, Calif.
Telephone DUnkirk 7-6149

WARREN $. BROWN, Circulation Manager
M. GROENING, Asst. Circulation Manager
JOHN 1. BORGHI, Controller

CIRCULATION 21,000 C.CA.

Because of the natural lag in auditing,
never catching up with current circula-
tion in an expandirg industry, an audit
for the calendar year 1953 will not be
made until the summer of 1954, In the
meantime, Caldwell-Clements, 1inc. will
furnish sworn statements and post office
receipts for the current 21,000 circulation.
TELE-TECH* & ELECTRONIC INDUSTRIES is
edited for top-level engineers and execu-
tives throughout the electronic industries.
It gives the busy engineering executive
authoritative information and interpreta-
tion of the latest developments and new
products, with emphasis on subjects of
engineering import and timeliness. Spe-
cial attention is given to:

MANUFACTURING

—Electroni¢ equipment, communications,
broadcasting, microwave relay, instru-
mentation, telemetering, computing.

—Military equipment inciuding radar,
sonar, guided missiles, fire controls.

—TV-FM-AM  receivers, phonographs,
recorders, reproducers, amplifiers.

CPERATION

—Fixed, mobile and dirborne communi-
cations in commercial, municipal, avi-
ation and government services.

—Broadcasting, video and audio record-
ing, records, audio and sound systems,
motion picture production.

—~Military, civilian and scientific elec-
tronic computing and control systems.
* Reg. U. S. Pat. Off.

TELE-TECH & ELECTRONIC INDUSTRIES * May 1953
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To assure protection to both the product
and your good name, every BUSS fuse is test-
ed on a sensitive, electronic device for correct

construction, calibration and physical dimen-

sions.

TO HELP YOU GET STARTED THE

BUSSMANN Mfg. Co. (Division of McGraw Eleceric Co.)

University at Jefferson,

RIGHT WAY

St. Louis 7, Mo.

Please send me bulletin SFB conraining facts on

BUSS small dimension fuses and fuse holders.

BUSS Fuse Engineers will gladly assist you

Name

lecting the fuse to suit your needs best...
a fuse that if possible will be available in local

wholesalers stocks.

in se

%

I Title

l Company

Address

Division of McGraw Electric Co.

St.

BUSSMANN Mifg. CO.,

T7-553

State

City & Zone

Missouri

Louis 7,

University at Jefferson,

&%

TELE-TECH & ELECTRONIC INDUSTRIES * May 1953
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'P:tr?pa':s, newly developed B horizontal output trunsiormer is o ;:r,ériect i
'A__ﬂxcrmPié of RAYPAR'S elecironic, knowledge to produce ur"l.esrm ccrm-_
}@tgneme of consistent quality for radio and television. L

RAYPAR'S H'::H'ZONTAL GHTPUT TRHNSFOPMER gwes thc-) mﬁawmqf
a&vaﬁtaqes’ e .

{’1} Haqi'\ effzf:lency drive CII’C“I.Ht crpphccrtion
;""‘:"?) Output voliage . . . . | 18,000 volts.
( 3) Full scan at low line voltages.

i (4) 'Va'riou's typ’es of mountings available.
Aot .:( 6) A W‘CIYS quality wozkm{msth

nfrmnmrcomoumrs INSURE QUA LITY PRODUCTS

[ : HGRIZONTAE QUTPUT TRANSFORMER . F. TRANSFORMERS

DUQ-DECAL SOCKET ASSEMBLY WIDTH COILS
‘HIGH VOLTAGE SOCKET ASSEMBLY LINEARITY COILS
INTERLOCK CONNECTOR PIX 1 F. colls

CABLE ASSEMBLIES

®

H.'F. PROBES ® ATTENUATORS

incorporated

7800. WEST ADDISON STREET" ° CHICAGQ 34, ILiINOIS

TELE-TIPS

mmumﬂmmmnm{mmmmunwmu MUH!WU1)WNNHWWWFHMNN\l

CORONATION TELECASTS
will be shown in the U. 8. a few
short hours after the ceremony takes
place in Liondon on June 2, 1953. An
important time-saving factor is that
films of Queen Elizabeth’s Corona-
tion will be edited and prepared
while en route by plane. CBS, for
example, has removed 12 seats from
a Stratocruiser, and installed 3000
Ibs. of electrical and other special
equipment, including editing tcbles,
viewers, cue markers, and sound
readers.

COLOR-TV SETS—NTSC has
advised the Congressional Commit- -
tee on Interstate Commerce that the
following TV-Color receivers will be
available for testing the new NTSC
standards:

Sylvania three receivers,

RCA eight receivers.

Westinghouse two receivers.

Emerson was to have one late in April.

Tele-King was to have one late in April or

early May.

Crosley was to have one receiver March 15th.

General Electric two receivers,

Admiral twe receivers.

Hazeltine two receivers.

Zenith one receiver,

Motorola two receivers.
Philco two receivers.

DIAGNOSIS via long distance
telephone may be practised someday
by brain specialists, obviating per-
sonal visits to out-of-town patients.
Recent tests involving the transmis-
sion of electroencephalograms (brain
waves) over the facilities of the
Northwestern Bell Telephone Co. by
Univ. of Nebraska medical college
scientists have been described as
“quite encouraging” but technique
is said to be still in development
stage.

LOOK TO THE OCEAN to sup-
ply the increasing dem<nd for mag-
nesium in military, aircraft, struc-
tural and automotive applications.
The lightweight metal is expected to
find wide use in batteries because it
can supply electrical energy without
polarization. The President’s Mate-
rials Policy Commission predicts
that 1,100,000,000 lbs. will be used
by 1975—an 18459, increase over
1950. Most plentiful source of supply
to be exploited is the ocean, which
contains 320,000,000 cubic miles.
Fach cubic mile of sea water con-

: 5 e e tains 12.000 000,000 1bs. of mag-
SERWNG AMERffﬁ . fEADlHG Rﬁﬂlﬂ &-" ﬁf MA ; | | peswm.
. e ; (Continued on page 54)
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CANADIAN BROADCASTING CORPORATION NOW AT...

THIS is the life story of 3 of numerous Federal power
triodes used by the Canadian Broadcasting Corpora-
tion at station CBX, Lacombe, Alberta: Since October,
1948, to recent date, these tubes have served for 69,000
hours. Both F-9C31’s appear to have full emission and
capability of many more hours. The F-9C29 — used in
modulator unit—is on standby after 21,015 hours.
Behind the long performance of these 3 tubes is Fed-
eral’s pioneering in the multi-sirand thoriated tungsten
filament, which permits hairpins to expand individually

THORIATED
Tungsten Filaments
in Federal’s

F-9C31 - F-9C29

SAVE POWER

EQUAL TO THE
PRICE OF A
NEW TUBE
PER YEAR!

. eliminates stresses which might be conducive to
filament warping.

Cathodes of this type provide lower operating tem-
peratures . . . keep components cooler, more durable.
Because less filament power is consumed, tube life is
longer . . . operating costs are lower. The power saved
per-tube-per-year equals the price of a new tube!

For full information on Federal's F-9C31 and F-9C29,
or Federal quality-controlled tubes of any power out-
put, write Dept. K-166,

Federal always has made better tubes”

Federal Felephone and Radio Corporation

100 KINGSLAND ROAD, CLIFTON, N. J.

tn Canada: Federal Electric Manufacturing Company, Lid., Montreal, P. Q.
Export Distributors: International Standerd Electric Corp., 67 Broad St., M. Y.

VACUUM TUBE DIVISION

TELE-TECH & ELECTRONIC INDUSYRIES » May 1953 53
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L NEH L For the most effective solution use the
B 1'BICTY N M SIMPLEST, MOST COMPACT
Sl 5 B MOST ECONOMICAL
e e HERMETICALLY SEALED

B 5707 RELAYS

Provide delays ranging from 2 to 120 seconds.
¢ Actuated by a heater, they operate on A.C., D.C, or
Pulsating Current.

¢ Hermetically sealed. Not affected by altitude, moisture,
or other climate changes.

® Circuits: SPST only—normally
open or normally closed.

Amperite Thermostatic Delay Refays
are compensated for ambient tem-
perature changes from -55° to
-+-70°C. Heaters consume approxi-
mately 2 W. and may be operated
continuously. The units are most
compuact, rugged, explosion-proof,

long-lived, and—very inexpensive! MINIATURE
TYPES: Standard Radio Octal, and 9-Pin Miniature.

PROBLEM? Send for Bulletin No. TR-81

T . e Amperite Regulcxtors are designed to keep
|

the current in a circuit automatically regulated
at a definite value (for example, 0.5 amp).

e For currents of 60 ma. to § amps. Operates
on A.C., D.C., or Pulsating Current.

o Hermetically sealed, light, compact, and
most inexpensive.

6430 X
=z 16
Ig MAX
Q120
mhmmm e Pt
Blio
£| VOLTAGE OF 24V ' WITH AMPERITE e 85:;
| BATTERY & CHARGER | VOLTAGE VARIES —1
VARIES APPROX  , ONLY Ya
| 5% 2 -
1
| o | 70 T63L T9
T4 BULB Maximum Wattage Dissipation: T6%L—5W. T9—10W,

Amperite Requlators are the simplest, most effective method
for obtaining automatic regulation of current or voltage. Her-
metically sealed, they are not affected by changes in alti-
tude, ambient temperature (-55° to 4-90°C), or humidity.
Rugged; no moving parts; changed as easily as a radio tube.

Write for 4-page Technical Bulletin No. AB-51

AMQERITE CO., Inc. 561 Broadway, New York i2 ,N.Y.

ln"Cﬂ’clz_nc:da.: Atlas Radio Corp., Ltd., 560 King St., W., Toronto 2B

TELE-TIPS

(Continued from page 52)

“JF FLYING SAUCERS flew
around as thick and fast as flying
saucer rumors, they’d be as plentiful
as mosquitoes after a rain,” com-
mented one observer. Nevertheless,
latest report is that A. V. Roe, Ltd,,
Malton, Ontario, Canada, has a new
aircraft in the works which will rise
vertically from the ground and
travel at 1500 mph. Rumor’s descrip-
tion is that the projected craft is
shaped like a saucer, with the pilot’s
bubble in the middle of a jet-driven
rim,

SUBSONIC PUMPS promise to
revolutionize the oil industry by
eliminating the ‘“sucker rod” on
plunger pumps. Considering that
plunger pumps are used in 75% of
the nation’s 450,000 oil wells, and
that the rods run to depths as great
as 15,000 feet, the new pump should
cut oil production costs significantly.
In operation, the subsonic pump vi-
brates the oil well casing, causing
the oil to move slowly upward.
Check valves in the well prevent the
oil from falling back. At least one
of these pumps is now operating.

RCA’s TV ON TAPE—"T was
surprised at the demonstration I
saw of a television program coming
from New York and being simulta-
neously recorded on tape in the
Princeton Laboratories 45 miles
away.” comments Gen'l. David
Sarncff “The recording was played
back instantly. The quality of the
recorded picture still needs im-
provement—but even its present
performance convinced me that we
will have the television tape re-
corder before the time (1956) speci-
fied.

“Tape recordings will obsolete the
use of film for television and reduce
over-all costs. Small degradations
which mark the various steps in the
production of a film, creating a cu-
mulative effect in the final print,
will be eliminated. This new meth-
od will revolutionize the entire art.
As a simpler and cheaper process, it
will extend into color television.
And it may extend into the motion-
picture industry as well.

“Ag you all know, the recording
of sound on magnetic tape already
has reached a high degree of per-
fection. When recorded sound has
served its purpose it can be wiped
off and the tape used over again. I
believe that we now stand on the
threshold of the same service for
sight.”

(Continued on page 56)
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PROFESSIONAL

Telecast Projector

and see years of
Dependable Service

The GPL Model PA-100A  16-mm Studio Projector
with the basic features and performance reliability
of the famous Simplex 35-mm Theatre Projectors.

-
e

The importance of 16-mm film in television
programming has called for new standards
of projection quality and dependability.
The GPL Model PA-100A is designed and
built specifically for television studio use.
It is a heavy-duty film chain projector for
operation with any full-storage type film
pick-up, as well as with the image orthi-
con camera.

The professional, sprocket-type inter-
mittent, similar to that used in the finest
35-mm equipment, is quiet and trouble-
free. It provides a vertical stability of bet-
ter than 0.29% over years of service.

The Model PA-100A isa 16-mm
projector consistent with the pro-
fessional character of television
station operation, Its enclosed
4,000-foot film magazine pro-
vides for 2 hours of projection —

PLEASANTVILLE

an entire feature,
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For full details, write, wire or phone

General Precision Laboratory

t NCORPORATETSD

NEW YORK
Cable address: Prelab

Sharper Pictures . . . Finer Sound
From Any Film in Your Studio

Optical system has dynamic resolution
and flatness of field that provide resolu-
tion exceeding 600 lines in center and all
four corners simultaneously. Screen image
uniformly bright—corner illumination is
at least 859, of that at center, With a
1,000 watr light source, the projector de-
livers 100 foot-candles to the camera tube,
The sound system provides a frequency
response truly flat to 7,000 cps, with flut-
ter less than 0.29%,.

GPL has a full line of 16-mm television
and theatre projectors, built to highest
standards of 35-mm construction,

Export Department:
13 East 40th St., New York City
Cable address: Arlab

TV Comera Chains  + TV Film Chains « TV Field and Studio Equipment - Theatre TV Equipment
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This is the Grant “A” Radio-Record Player Slide. You
can see the features that make it so popular...contin-
nous ball hearing action for finger-touch sliding, the
silencer spring that eliminates any vibration or possible
resonance, solid, dependable construction. The patented
stop pin permits the phonograph shelf to be removed
easily after installation.

This and other models in Grant’s complete line oper-
ate silently with a minimum of effort, but have negligible
sway or sag, even in fully extended position. And instal-
lation is fast and economical.

*A partial list 1
of users:
Capehart-Farnsworth
Motorola

Olympic . C § > M
Stromberg-Carlson
RCA Soiy
Midwest
Stewart-Warner
Dumont
Fischer
Hallicrafrers
Admiral
Zenith

Magnavox

For full information, write to

G!‘ant pulley & hardware co.

31-75 Whitestone Parkway, Flushing, N. Y.

TELE-TIPS

(Continued from page 54)

LIGHTNING is simulated with a
75-1b. synchrograph developed by
James M. Clayton and Dr. E. L.
Harder to facilitate the study of
lightning effects on broadcast sta-
tions and power lines. The device
makes the simulated bolts “stand
still” to allow rapid calculations. Tt
costs a few hundred dollars, and per-
forms many of the jobs done by the
$200,000 high-voltage surge genera-
tor.

HOUSEWIVYES aren’t the only
people plagued by the dust prob-
lem. In experiments to determine
why various insulation materials
break down, the test electrodes must
be perfectly smooth and dust-free.
According to General Electric’s Dr.
A. Harry Sharbaugh, one tiny speck
of dust may cause the breakdown
voltage to vary as much as 10,000
volts on successive tests. In order to
get the smoothest solid surface pos-
sible, researchers are turning to
glass, coated with vaporized gold.

BANK TV—The New York Sav-
ings Bank has intrcduced a new sys-
tem for speeding up depositors,
transactions through a coordination
of television and IBM machines.
Styled ‘“bankavicion,” the system
perferms banking operations in a
fraction of the time formerly re-
aquired. Television is used on with-
drawal transactions.

The signature card and balance is
sent on private television lines di-
rectly to the teller on a screen built
into the teller’s counter. In the new
Rockefeller Center office, which will
be opened soon, all record keeping
will be done at the main office
through the use of television and
telautograph.

TOWER JUMPER—A television
sound-effects man called off his
threat to jump 300 ft. off the Cana-
dian Broadcasting Co. TV tower in
downtown Toronto after police
showed up with the man’s pretty
oiyl friend. Despendepnt because he
had lost his job with CBLT, Tor-
onto TV station for CBC, the man
climbed 300 ft. up the 460-ft. tower
and stayved for two hours. More
than 1000 persons assembled as
floodlights played on him, Detective
Robert Miller got the would-be
jumper to talking about his girl
friend and how much he loved her.
“Can you imagine how upset she’ll
be if you jump?” Miller asked.

The sound man agreed to come
dovn if his girl friend was waitinz
at the foot of the tower for him.
She was, and he did.

(Continued on page 52)
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TELE-TIPS

(Continued from page 56)
COST OF GOVERNMENT spon-

sored research and development for
the 1953 fiscal year is estimated
at $2,189,000,000 by the National
Science Foundation. In 19852, the bill
came to $1,839,000,000, of which the
Dept. of Defense administered 729,
and the AEC 149%,.

“PUMPERATING” — A  new
means of rating television programs
—the water use method—is de-
scribed in Public Works by George
J. Van Dorp, Water Commissioner
of Toledo, Ohio. It is based on ex-
periences of operators of that city’s
water works. In recent years the
operators have had difficulty in sat-
isfying the varying demands for
water at suitable pressures during
the evening hours. Repeatedly the
pumpage load on the plant would
increase as much as 25 to 30 per
cent within a few minutes. Because
of their construction, the pumping
units in service sometimes were un-
able to handle the load. More units
would then be added but as soon as
they were put in use the load would
drop. After considerable stidy, says
Mr. Van Dorp, it was discovered
that the extreme fluctuations were
a direct result of television. During
popular TV programs little water is
consumed, but large quantities are
drawn all at one time as soon as the
commercial goes on or the program
ends.

A BUSINESS, Like An Automo-
bile, Has To Be Driven, In Order To
Get Results, says Salesman Sam. And
keeping a little ahead of conditions
is one of the secrets of business . . . .
To Know How Little You Know Is
The First Step To Knowing More:
the difference between a man who
reaches a high position of power and
influence and one who does not rise
above mediocrity is largely due to
the fact that one studies and the
other does not . . . . You Can’t Do
Today’s Job With Yesterday’s
Methods, And Be In Business To-
morrow: Many people are very
open-minded about new things, so
long as they’re exactly like the old
ones . . . . Small Opportunities Are
Often The Beginning Of Big Busi-
ness; but opportunity looks so much
like hard work that most people
never recognize it . . . . Nothing
Great Was Ever Achieved Without
Enthusiasm; and Promptness Is The
Soul Of Business . . . . Said Napo-
leon: “The Reason I Beat The Aus-
trians is, they didn’t know the value
of 5 minutes.”

The 11338 mounting assembly occupies only 7
inches of rack space, is fully guttered for wiring
and will hold as many as nine preamplifiers.

B\ K V1M usTom SPEECH INPUT SYSTEMS

Rack mount the miniature Altec plug-in
preamplifiers, line amplifiers, monitor am-
plifiers and power supplies to meet your
individual speech input needs. These units
are extremely small and exceed all broad-
cast requirements. Of open chassis design
for easy servicing, they are supplied with
a cover tray and receptacle that perma-
nently mounts in the 11338 mounting
assembly. The units slide into the tray,
automatically making all connections.
Push buttons are provided for tube check-
ing during operation. Frequency respense
of the A-428B preamplifiers and A-429B
line and monitor amplifier is within 1 db
from 20—20,000 cycles.

DIMENSIONS:
A-4288; 1% x 4% x 9"
A-429B, P-522B, P-523B; 2% x 4%" x 97

ALTEC

LANSING CORPORATION | The symbol of Quality

9356 Santa Monica Blvd., Beverly Hills, Galif. - 161 Sixth Ave., New York 13, New York

LOUDSPEAKERS « AMPLIFIERS » MICROPHONES ¢ CONSOLES « TRANSFORMERS
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full Military Approval

source.

e — % WL LSS s

For complete information
on AMPHENOL RF Connectors and
Coaxial Cables, request
Catalog D-2. For COMPONENTS

“AN” listings and descriptions, !
request Catalog A-2.

AMPHENOL quality

AmprHENOL Coaxiar CaBLES set the standard
for quality in a field where dependable per-
formance is a “must”. Complete RG-/U cables
with flexible, low moisture absorbing poly-
ethylene dielectrics plus Teflon dielectric ca-
bles for high temperature applications.

AmpruenoL UG-/U RF CoNNEcTORS match the
efficiency of AmpHENOL Cables —provide ex-
cellent impedance match with low RF loss.
Available in Types BNC, BN, N, HN, C, L.C,
Push-On and UHF 83 Series.

AwmprHENOL “AN” CoNNECTORS are manufac-
tured in strict adherence to MIL-C-5015 speci-
fication. Long recognized as the leader in qual-
ity “AN” Connectors, AMPHENOL offers the

widest selection available from any single

AMERICAN PHENOLIC CORPORATION

chicago 50, illinois

ENCRAL CATALOG,
W
AMPHENOL
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"ELECTRONIC”

First uses in 1832 ond 1929

LD archives again reveal an
earlier use of the word “elec-
tronic”, now fixing its origin 97 years
before any commercial usage and
associating the term with the im-
mortal scientist, Michael Faraday.
This discovery is highly interest-
ing. It nol only helps to trace the
name of what is now a multi-billion

E T rHE : '
"PHILOSOPHICAL MAGAZINE
_ A% _
ANNALS OF PHILOSOPHY.
INEW SERIES}
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dollar industry, but it clarifies the
confusion attending early commer-
cial uses of the word.

Thanks to the indefatigable re-
searcher, Lloyd Espenschied, of Bell
Telephone Laboratories, who brings
this newest development to our at-
tention, his continuing investigation
of early uses of the word “elec-
tronic” has led to the discovery of
the printing of the word “electronic”
in 1832 as part of a letter signed by
Faraday, appearing in the London
“Philosophical Magazine & Annals of
Philosophy”, Vol. XI, June, 1832,
bearing on Faraday’s 1831 Royal
Society paper on electromagnetic
induction. In other letters written
at the time, Faraday refers to a
magnetic “electrotonic state”, and
Espenschied suggests that the 1832
word ‘“electronic”’—however pro-
phetic—may have been a printer’s
error.

At various times in recent years,
TELE-TECH has published ex-
cerpts from the work of early sci-
entists showing use of the word

TELE-TECH & ELECTRONIC INDUSTRIES
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“electron” and “electronic”. In De-
cember; 1949, for example, TELE-
TECH stated:

“In 1891 Dr. G. Johnstone Stoney
coined the word “electren” and gave
the ultimate particle of electricity its
now familiar name.”

In the same article, was another

authentic record:
“Also, in 1919, Lloyd Espenschied
reminds us, the term “electronic”
appeared in reference to a vacuum
table category, in the Gherardi-
Jewett paper on “Telephone Repeat-
ers” in Proceedings ALE.E., Novem-
ber, 1919.”

The first suggestion of a technical
publication in the field of the elec-
tronic industries was made July 2,
1929 in a memorandum entitled
“New Magazine Opportunity” writ-
ten by M. Clements, then manager of
MecGraw-Hill’s “Radio Retailing”, for
Malcolm Muir, and Edgar Kobak, the
two senior officers of McGraw-Hill.

This eight-page memorandum
outlined a publishing plan by Mr.
Clements as follows:

“The magazine 1 am proposing
will  serve the engineering and
manufacturing functions in the in-
dustries based on the thermionic
tube. This, the radio tube, is the
common denominator of these and
other industries: radio apparatus,
broadcasting, sound pictures, “wired
wireless”, high trequency telephony,
television, etc. You cannot interest
the radioc engineer in a broad-
gauged electrical engineering publi-
cation. His world revolves around
the application of the thermionic
valve to all industries.”

During the magazine’s develop-
ment period, Mr. Clements tenta-
tively used “Electrons” as the name

of the proposed publication. Later,

Mr. Clements and Dr. Caldwell, who
was then editor of the McGraw-Hill
magazine, “Radio Retailing”, and
subsequently first editor of “Elec-
tronics”, had visited authorities in
the field, and one of them, Dr. John
Mills of Bell Telephone Laboratories,
made the suggestion that the name
“Electrons” be expanded to “Elec-
tronics”, the name finally used.
Recognition of Mr, Clements’ con-
tribution to the founding and
naming of the magazine appeared in
an official McGraw-Hill Executive
Order No. 142, dated January 15,
1930 and signed by Malcolm Muir,
President, which 1¢ads as follows:
“M. Clements has been appointed
Sales Manager of ‘Electronics’.
This increase in Mr. Clements’ re-
sponsibilities gives recognition to his
excellent record on ‘Radio Retailing’
and to the thorough job he has done
in developing the plan for the new
publication ‘Electronics™”.

TELE-TECH & ELECTRONIC INDUSTRIES

back up good design
wWith

AMPHENOL components 4

The over 9,000 cataloged items manufac-
tured by AMPHENOL are meant to answer every
type of application problem. If your problem
is so new or unusual that none of the general
types listed below meet your requirements,
then consult with AmpHENOL Engineers for
the special component you need.

Rack & Panel Type Miniature Sockets
Connectors

Tube Sockets &
AN Type Connectors Radio Components

RF Type Connectors Microphone Connectors

RG Coaxial Cables,

dio C t
Audio Connectors Teflon & Polyethylene

Power Plugs Cable & Wire

Assemblies
Blue Ribbon Connectors

Plastics—Extruded
Industrial Sockets & Injection Molded

Write today for your eopy of General Catalog B-2.

AMERICAN PHENOLIC CORPORATION

chicago 50, illinois
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G00oBYE RooM REFLECTIONS

® Why do the light reflections disap-
pear —at the midway point of the face-
plate?

It’s because the left half of the face-
plate surface is etched—while the other
half is smooth and glossy like an ordi-
nary faceplate.

Built specifically for reflection stud-
ies, the experimental “50/50” metal-
shell picture tube shown in this
photograph clearly illustrates how an
untreated faceplate (right half) “mir-
rors” light reflections, while a treated
faceplate “kills” them. No change in
picture detail, either.

62

Take advantage of this simple an-
swer to an old problem —and make
YOUR TV line “reflection-free.” Use
RCA Metal-Shell Kinescopes which
feature specially treated reflection-free
faceplates. They will give your sets new,
extra sales appeal.

For technical data or design help,
write RCA. Commercial Engineering,
Section ©7ER, Harrison, N. J. Or just
call your nearest RCA Field Office:

(EAST) Humboldt 5-3900, 415 S. 5th St.,
Harrison, N. J.

(MIDWEST ) Whitehall 4-2900, 589 E. Illinois
St., Chicago, IlL

{WEST) Madison 9-3671, 420 S. San Pedro St.,
Los Angeles, Cal.
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RCA Metal-Shell Kinescopes

RCA-21AP4 RCA-21MP4
(magnetic- ( electrostatic-
focus type) focus type)

All RCA metal-shell kinescopes
feature faceplates which suppress
annoying room reflections.

RADIO CORPORATION of AMERICA

ELECTRON TUBES

NARRISON. N. J.
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Military Gear Must Work in Battle

The introduction of radically new and complex elec-
tronic egquipment for the Armed Forces has brought
akout a host of design and operational problems which
require concerted corrective attention by top level gov-
ernment and industry engineers.

The $64 question is: Have we gone too far in the de-
velopment of complex equipment? At the present time,
the answer is an unfortunate yes. However, with proper
planning this situation can be changed. Here is how:

First, let’s define two types of complexity. There is
“operational complexity,” which refers to the operator’s
confusion in manipulating many controls and observing
numerous functions. Considering the turbulence of bat-
tle conditions, any device overly susceptible to opera-
tional complexity is intolerable. One curative approach
is the incorporation of automatic functions in the design,
thereby relieving the operator of activities prone to
human error. Besides the inherent nature of the equip-
ment, this is a major factor in “circuit complexity.”

The good sense, or lack of it, in favoring automaticity
with resultant circuit complexity has been hotly debated.
The fact is that operational accuracy has been rising,
and therefore the decision in favor of circuit complexity
was ¢ sound one. Nevertheless, production and operation
factors related to circuit complexity have not kept apace
with the performance capabilities of the systems devel-
oped. These associated factors are amenable to correc-
tion, and when they are resolved we will realize the
benefits of which the equipment is capable.

Increased circuit complexity highlights the already
troublesome problem of reliability. It would indicate
that an extension of the reliability program already
instituted is in order, particularly where vacuum tubes
are concerned. Fully 509% of electronic equipment fail-
ures are attributed to tubes. The Army’s current pur-
chases of about 1,500,000 reliable tubkes at an average of
$4.50 each is a heartening sign.

Much has been done to increase reliability and reduce
complexity where possible. A great deal is still to be
done, particularly in setting up a more effective overall
plan. Here is a 5-point program which should contribute
materially to effecting such a plan.

1. Liason: A more closely coordinated program be-
tween the Armed Forces and the electronic industries
will result in more orderly development and production.

TELE-TECH & ELECTRONIC INDUSTRIES ° May 1953

All too often a new system has been hurried into pro-
duction before it has been adequately evaluated. By
rastricting systems to do no more than required by the
military, industry can turn out equipment unencum-
bered by complex gadgets. A more carefully thought
out specification and procurement program by the Armed
Forces would eliminate non-essentials and duplication.

2. Application: Variations of the rate of vacuum tube
failures in different pieces of equipment cover a 10:1
range, indicating that a refined study of the application
of different tube types would be highly desirable. By
careful circuit engineering, followed by field use only
for the equipment’s intended purpose, performance re-
liability can be raised considerably.

3. Production: The refinement of automatic production
techniques will improve reliability by eliminating errors
caused by human judgment on the assembly line. It will
also demand the simplification of parts construction to
permit automatic assembly. An exhaustive investigation
of those components which exhibit high rejection rates
during production would point up shortcomings either
in the manufacturing precess or in the basic design.

4. Monitoering: A comprehensive program to monitor
all equipment during development, production and field
use would function as an information channel to pin-
point trouble at the various stages. Correlating failures
with their associated circumstances would provide the
practical information which could be fed back to an
earlier stage to modify an unreliable or excessively com-
plex design.

5. Maintenance: The effectiveness with which mainte-
nance personnel can repair out-of-order eguipment has
not kept abreast of growing circuit complexity. A critical
need exists net only for more technicians, but for highly
trained technical people capable of maintaining devices
in operating order. To this end, a more comprehensive
training program is proposed.

The ahove steps are not independent from one an-
other. On the contrary, they are integrally related as
part of a unified program to improve reliability and de-
crease complexity without loss of important functions.
The application of these proposals, along with the com-
mendable programs presently in effect, is urged—always
with the uppermost thought: Military Gear Must Work
in Battle.
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RADARSCOPE

Revealing Important Advances Throughout the Spectrum

of Radio, TV and Tele Communications

VIDEO TAPE RECORDING
NEARLY A DOZEN laboratories are now carrying

on work on recording TV signals on magnetic tape,—
half of these under Government contracts. The Armed
Forces are interested in such recordings for military
photography. Replacing a light-sensitive film, such a
tape record would be immune to radio-active fogging
from nuclear-bomb sources, would be immediately
available for reproduction without “developing” or
other processing, and could be edited and spliced like
sound-tape clips. Already Signal Corps and Navy lab-
oratories are at work on “wide-band recording” as the
official term is. And recent reports of work on video
recording have been heard from Bing Crosby Enter-
prises, General Electric, RCA, Webster-Chicago, Mag-
necord, Freed Radio, and Alan Shoup laboratory. In
fact, public demonstrations of TV-on-tape may be
forthcoming before the end of May.

MANPOWER
ENGINEER SHORTAGE—Right now, there is a

need for 40,000 new engineering graduates for industrial
and civilian-governmental needs alone, without consid-
ering the needs of military services or education. Yet the
grim facts on the supply of engineering graduates for
the next four years are estimated, for 1953 at 23,000;
1954 at 19,000; 1955 at 22,000; and 1656 at 29,000. Mean-

Membership luncheon of the Technical Froducts Division, RTMA. Left to
right: James D. Mclean, Philco Corp., Chairman, Committee on Arrange-
ments; Major General C. §. lrvine, Deputy Commander for Preduction of
the Air Materiel Commuand, Wright-Patierson Fieid; €. W. Miller, Westing-
house Electric Corp., Chairman of the Technical Products Division; RTMA
Director H. J. Hoftman, Machlett Loboratories, Inc., and James D. fecrest,
RTMA Executive Vice President.
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while engineers’ campaigns to enroll high school stu-
dents in engineering classes are producing results. The
U. 8. Office of Education reports that freshman enroll-
ment of 127 schools, which last year included 85% of the
total engineering enrollment of the country, was up 29%.
If reports from the remaining schools show the same in-
crease, it will mean that 4.69% of the 1952 high school
graduates have enrolled as engineering freshmen as
compared with the usual 2.9% characteristics of pre-war
years. On this basis, the entering freshman class in engi-
neering will total 52,000 out of which it is estimated 29,-
000 will graduate, if not withdrawn earlier by Selective
Service.
COLOR TV

STARTING DATE for color video is still the subject
of considerable difference of industry opinion. Dr. E. W.
Engstrom, RCA, told the House Committee that NBC is
ready to begin color-broadcasts at once and to expedite
the sale of color receivers to the public. Dr. W. R. G.
Baker, GE, and chairman NTSC, estimated six months
more of field testing of color receivers operating on
NTSC standards, and six to 18 months FCC procedure
before official adoption, followed by a tooling-up period
for mass production. Dr. A. B. DuMont thinks color TV
is five-to-ten years off, declaring that it will be at least
a year before an acceptable system could be submitted
to the FCC and it would take that agency about three
years to act on the proposed system. After this, it would
take the industry about a year to tool up and go into
production, Dr. DulMont added that in his opinion neither
his company nor any other company has developed a
satisfactory color system. He was emphatic that he
would not go into production with sets on the basis of
any present system.

INTERNATIONAL TELEVISION

WE THOUGHT we had troubles when the FCC
authorized non-compatible color television, but the
Belgians really do have something to complain about!
The decision of the Belgian Administration to commence
broadcast television services in that country has to take
into account the varying standards used in Europe, ie.
adjacent countries. Not only are two languages used in
Belgium but the adjacent countries of The Netherlands
and Germany use 625 lines and 7 megacycle channels,
and France uses 819 lines and 14 megacycle channels.
It is even possible that the ability to receive the British
transmissions on 405 lines may also be a feature of some
of the Belgian receivers. Here indeed is a strong case
for television standardization in Europe.
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FROM TIME TO TIME we hear rumblings of efforts
to rechristen our industry and industry associations
with electronic titles. Such moves usually come from
extraneous or newcomer sources—for the glamour of
electronic mystery continues to impress stock-market
tipsters, advertising-copy writers, and non-technical
executives in search of a new punch to add to the basic
radio-TV story. And so it happens that the newspapers
continue to tout the six-billion-dollar “electronics in-
dustry”! In contrast, the facts are that in a peacetime
economy, the total electronic output has never exceeded
3 to 5% of the radio-TV total. And during a prepared-
ness period like the present, even the vast “military
electronic” output is two-thirds radio. Thus as recent
charts in these columns have shown, radio-TV totals
$4.7 billions, while the actual electronic total is $1.3
billions. Summing it up, socalled ‘“electronics” is a
minority of say 5% in peacetime, and possibly up to
229, during rearmament activity. So, in thinking of this
$6 billion industry of ours—radio, television and elec-
tronics—and in calling ourselves by the right name,
let’s not let the minor electronic tail wag the six-billion-
dollar dog!

ELECTRONIC TYPE-SETTING

PHOTON is the name of a new electronic typer,
employing electrenic-computer techniques, and promised
by Dr. Vannevar Bush to revolutionize printing. De-
veloped in the Cambridge, Mass., laboratory of the
Graphic Arts Research Foundation, the Photon is
operated from a typewriter keyboard. From this, the
keyed impulses flow into a complex of selectivity relays,
are stored momentarily in a “memory bank” while the
typed line is being completed, and then pass into a
binary code mathematical system like a monstrous cal-
culating machine. The calculator justifies the line—
adds the space between letters and words so the line
will exactly fill the column or page. A decoding and
control system then takes over, and delivers the line
to the photo unit. There is a glass matrix carrying 1400
letter characters, spinning steadily ten times a second.
As the proper letter arrives at a tiny opening, a light
flashes brilliantly for a millionth of a second, photo-
graphing the letter. The film is developed, ready for
makeup proofs or for engraving on the metal plates
which will print the page.

One of the biggest cost-saving [actors is in the glass
matrix with its 1400 characters. This simple eight-inch
disk contains the equivalent of $25,0600 worth of the
matrices needed for a standard type-setting machine.
It never wears out—and it weighs just 1%5 pounds. The
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same varlety of material in standard matrices would
weigh more than two tons and fake up more than 90
cubic feet of space. With it the operator can select
quickly and easily from 16 complete sets of type, of
every size and style, and even mix them in a line.

ATOMIC ENERGY

APPLICATIONS of nuclear energy to radio and elec-
tronics have been difficult to find, but recent astronomi-
cal discoveries in connection with “radio stars” suggest
that it may some day be possible to use earthly atomic
sources as transmitters of radio frequencies. In fact this
seems already to he taking place in the remains of ex-
ploded stars or “novas.” First these nuclear explosions in
the {ar off heavens give off brilliant floods of light. Then
as the nuclear processes wane and slow down, the
emitted frequencies drift lower and pass through the
radio spectrum. Already more than 100 of these radio
stars have been located. One particularly strong source
of radio transmissions is in the now-dark portion in
Casseopeia where Tycho’s great nova blazed out hun-
dreds of years ago. Radio emanations from the Great
Crab Nebula, the Loop Nebula in Cygnus detected with
the new radio telescopes, confirm this theory that today’s
radio impulses are coming from the “ghosts” of dying
stellar explosions, now nearly exhausted.

This first low-cost *“‘robot brain’ electronic tomputer available commer-
cially for general use has been accepied by Army Ordnunce officials at
Aberdeen Proving Ground after it successfully tompleted sixty hours of
grueling nonstep tests. Making errortess computations at the rate of 1700
o minvuie, this compact Underwcod computer established o record un-
maotched in accuracy,
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Nation-wide surge of inferest in three-dimensional movies highlighis
approach. Stereophonic sound finding increasing use fo heighten

DELUGE of new terminology
has accompanied the recently
renewed interest in three-dimen-
sional motion piectures, TV, and
sound. Particularly confusing are the
host of 3-ID movie trade-names
which have been thrust on the pub-
lic and engineering fraternity—Cin-
erama, Cinemascope, Metrovision,
Paravision, Natural Vision, Todd-
AO, Vectograph—and more to come.
An examination of how these sys-
tems work, and the differences be-
tween them, will cut through the
multiplicity of names and show that
3-I> is not essentially complicated.
Basically, 3-D films are divided
into two types. First, there is the
stereoscopic film, which presents a
slightly different picture to each eye
to produce the depth perspective
similar to the way our eyes would
view the original scene. The second
type employs a wide, curved screen
to present a panoramic display which
gives the illusion of depth.

Stereoscopy has developed consid-
erably since 1832 when Sir Charles
Wheatstone laid down the basic
principles. In 1891, L. D. du Hauron
began using anaglyphs, which con-
sisted of red and green filters to
separate the two images viewed
through red and green glasses. Al-
though this system was improved by
Lumiere, commercial use in the
1930’s demonstrated its technical in-
adequacy. Of course, anaglyphs
could not be used for color. In addi-
tion, a retinal rivalry is set up by the
different colors for each eye.

Mechanical Sysiem

A mechanical system for produc-
ing stereo pictures consists of a
shutter mounted in a viewing device
held by the observer, which alter-
nately covers and uncovers each eye
in synchronism with alternating left-
and right-eye pictures projected on
the screen. Technical and commer-

%\
&

cial limitations prevent this method
from gaining widespread use.

It was not until 1932 that Edwin
H. Land announced the first practical
polarizer in sheet form, to be fol-
lowed four years later by public
showings of Polarcid’s large-screen,
full color stereo films at the New
York Museum of Science and Indus-
try. The same kind of system is used
today in Warner Brothers’ Natural
Vision, and stereo systems being
studied by MGM and Paramount.
The current method- requires the
linking together of two projectors in
the theatre projection booth for the
simultaneous projection of two sepa-
rate films, the left one through a
filter polarized at 90° to the right
film. The observer views the screen
through glasses which are corre-
spondingly polarized for the left and
right eyes. The pictures can be either
in color or black-and-white.

Although this twin projector sys-
tem is highly workable, it presents

64 FT. SCREEN \

2.5:1 ASPECT RATIO

i

SR
4euA5°

POLAROID
isi rner), MGM & Para- GINEMASCOPE (20th Century-Fox)
Nam;ﬁ,',t vision  (Warner) VECTROGRAPH (Polaroid, experimental) CINERAMA No g_lasses for viewing ‘
Polarized glasses for viewing Uses: 1 standard projector
Uses; 1 standard projector
1 35-mm film with polarized images on
front and rear surfaces

Polarized glasses for viewing )

Dses: 2 stanpdard synchronized projectors
2 polarized light filters
2 35-mm films
4 sound tracks, 25 speakers (Warner)

SCREEN VARIES WITH THEATRE

ASPECT RATIO 1.66:1

No glasses for viewing 1 anamor
) ! i phoser lens
Uses: 3 synchronized projectors 1 35-mm fim (laterally compressed im-
3 35-mm films age)
6 magnetic sound tracks on film 3 sound tracks on film

_ 8 speakers 3 speakers

EELNG PN

STANDARD FLAT SCREEN

2

T0DD-AC (Magna Theatres)
No glasses for viewing
Uses: 1 projeetor

1 wide-angle lens

1 65-mm film

Speakers vary

ANAGLYPH (obsolete) L
Red-and-green plasses for viewing
Uses: 2 standard synehronized projeetors

1 red light filter

1 green light filter

2 35-mm films

cannot show eolor films

PARAMOUNT
No glasses for viewing
Uses: 1 standard projector
1 wide-angle lens
1 35-mm standard 2-D film
1 sound track
Speakers vary

SYPEHRONIZED SHUTTER WHEEL (abso-
ete)
Rotating shotter viewer
Uses: 2 standard synchronized projeetors
1 rotating shutter in synme with viewer
2 35-mm films
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two basic techniques: polarized dudl-image method and wide curved screen
realism. 3-D TV being developed for industrial and broadcasting applications

several problems which indicate its
replacement by a simpler method in
the near future. Among the prime
problems are the heavy burden
placed on exhibitors for initial
equipment and for assuring correct
projection. Also, the insertion of new
reels causes occasional interruption
unless four projectors are in the
booth. One solution is the Vecto-
graph film, first announced by Pola-
roid Corp. in 1940, and soon to bhe
available for commercial applica-
tions. It uses only one film, a single
standard projector, and requires no
filters or special equipment at the
projector. Vectograph carries one
image on the back surface of the
film and the other on the front of the
same film. Since the images are
themselves polarized, no filters are
needed at the projector, Color or
black-and-white may be viewed
with polarized spectacles.

Several non-stereoscopic 3-D mo-
tion picture systems have come to

STEREO TV (RCA & DuMont)
Polarized glasses for viewing
Uses: 2 TV cameras

2 polarized picture tubes

the fore. This second type of three-
dimensional movies presents a large
picture projected on a very wide,
concave curved screen. Since a sin-
gle “flat” picture is projected, these
systems ave not truly three-dimen-
sional. Nevertheless, the panoramic
display achieves the depth effect by
occupying a large part of the normal
field of vision, stimulating peripheral
observation. That is, part of the pic-
ture is seen out of the “corner of the
eye” similar to the way the eye
usually sees objects off to the side
of its central focus. Since a single
image is shown, no glasses are re-
quired to view the wide-angle pic-
tures, which may be in color or
black-and-white,

Tri Panel Picture

Cinerama (TELE-TECH & ELEC-
TRONIC INDUSTRIES, Nov. 1952,
p. 84), developed by Fred Waller,
is the one wide-angle system which

TV
CAMERA

employs three separately located
35-mm projectors 48° apart. The
projectors are synchronized to throw
a tri-panel picture on a 64 x 23 ft,
curved screen made of 1100 strips
of perforated tape. The screen covers
49 ft. across the front of the theatre,
and subtends a visual arc of 146°
horizontally, and 55° vertically. Each
projector covers about one third of
the screen area, which is six times
larger than a standard screen.
Cinemascope is the 20th Century-
Fox contribution to the wide-angle
field. It employs a device perfected
by Henri Chretien in 1931 called an
anamorphoser, The anamorphoser is
essentially a curved lens which
squeezes a wide picture onto ordi-
nary 35-mm film. A similar unit
unsqueezes the laterally compressed
image from a standard projector,
flashing the picture on a curved
screen some 64 ft. wide, or 2.66 times
as wide as a standard screen. Fox is
{Continued on page 144)

1 semi-reflecting mirror TV HIRROR
semi-reriecing CAMERA "%/

SPLIT IMAGE TV C:i} _RIGHT EYE VIEW
Opaque separator for viewing _|: ‘___%F ii::iﬁ:;
Uses: 2 TV cameras @{l < : —

1 picture tube < LEFT EY W
SYNCHRONIZED SHUTTER TV (Ameri- TV

can TV} CAMERA __1

Rotating shutter viewer
Uses: 2 TV cameras SWITCH

1 picture tube , TV

1 elecironic switch in sync with CAMERA

viewer
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By SIEGFRIED R. HOH

Components & Systems Laboratory
Weapons Components Division
Wright Air Development Center

Dayton, Ohio

PART ONE
OF TWO PARTS

HE advantages which may be
realized from using the magnetic
amplifier in certain fields of applica-
tions are becoming more and more
apparent. As compared to the elec-
tronic amplifier, the magnetic ampli-

wao
CIRCUIT

CONTROL
CIRCUIT

AC POWER

Fig. 1: Simple controlled saturable reactor

. ‘vb DC CONTROL+ AC OUTPUT AMP. TURNS
Z ; _/ L
I

l
]

MAGNETIZATION
CURVE

—-———— O CONTROL

—»\-—Dc CONTRDLﬂJ
\

Fig. 2: Operation of controlled reactor

Fig. 3: Curves depicting conditions when satur-
able reactor is more efficiently controlled

|

Lac CONTROL LN,

MAGHETIZATION CURYE

68

Magnetic Amplifiers

fier offers the following distinet ad-
vantages:

1. It is more rugged and less sub-
ject to wear. As a resuli, there are
fewer failures, and less servicing is
required.

2. Since no fillaments need to be
warmed, it is ready for immediate
operation.

3. Because of higher efliciency,
the required operating power and
heat dissipation are reduced.

4. The dc amplification is more
stable.

5. High power output can be
achieved at low voltage level thus
reducing insulation and corona prob-
lems.

6. With a small amount of equip-
ment, complete amplifiers can be
built as easily as transformers.

7. The magnetic amplifier, without
any modification, can provide stable
amplification of both de and ac.

8. Input and output impedances
can be varied widely to meet opera-
tional reguirements.

9. The input circuit can be com-
pletely isolated from the amplifier
and can operate at a different volt-
age level. Input signals at different
voltage levels can be mixed con-
veniently.

Such qualities as those mentioned
in 1, 2, and 3 above make magnetic
amplifiers particularly suitable for

military applications. This was
proved in German World War II
equipment.

The magnetic amplifier field of
application is definitely smaller,
however, than that of vacuum tube
amplifiers. These limitations and
shortcomings are brought out later.

In various publications, the mag-
netic amplifier has been called a
transductor, direct current trans-
former, amplistat, saturable reactor,
and by other designations. For the
purposes of this article, “saturable
reactor” shall be understood to be
the basic component of a magnetic
amplifier. However, the same clear
distinction between a saturable re-
actor and a magnetic amplifier can-
not be made as with vacuum tubes
and electronic amplifiers.

A saturable reactor can be de-
scribed as an inductor with a satur-
able core. It utilizes the nonlinear

Circuits, general characteristics and applications of magnetic
amplifiers reviewed and compared to electronic amplifiers

Bp = Bs
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Fig. 4: Rectangular hysteresis loop
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Fig. 5: Half DC hysteresis loops of typi-
cal saturable reactor’ core materials

magnetization curve of ferromag-
netic cores. Applications of satur-
able reactors are found in voltage
and current regulators, harmonic
generators, mechanical rectifier
chokes, etec.t

A controlled saturable reactor has
two windings as shown in Fig. 1.
There is a close resemblance be-
tween this device and a transformer.
Although transformers could actu-
ally be used as saturable reactors,
the operation of a controlled satur-
able reactor is different.

The control or input winding is to
carry a control current of a fre-
quency which is lower than the
power frequency. For simplification,
a dc control is assumed. To suppress
the transformer action of the device
a choke is used in the control cir-
cuit. The resulting high impedance
will not draw a substantial induced
ac in the control circuit.

The operation of the controlled
saturable reactor is to be described
in three steps with the aid of Fig. 2.
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First, only a direct control current
is applied to the reactor. This mag-
netomotive force, expressed in am-
pere turns, sets up a magnetic
flux ¢ in the core. The resultant
curve conforms with the well-known
magnetization curve of the core ma-
terial. The hysteresis is neglected
since it would not basically affect
the operation.

Sinnusoidal Voltage

As a second step, a sinusoidal ac
voltage is applied to the power or
load winding. The resulting flux
swing ¢~ will be sinusoidal also, as
shown. The corresponding small “ex-
citing” current flowing in the ac or
load circuit is shown at the bottom
of Fig. 2. This is the output current
of the saturable reactor at zero con-
trol.

In a third step, both the ac voltage
and a dc control Ic Nc¢ are applied
This is a normal operating condition.
The dec control will set up a con-
tinuous flux ¢ on which the alter-
nating flux is superimposed. The
alternating flux swing in the core
has to be the same as it was without
control because the same ac voltage
is applied (see Eg. 5). The voltage
drop in the load circuit resistance
R, is neglected here for simplifica-
tion reasons. Fig. 2 shows that a
much higher alternating current is
required to cause the same alternat-
ing flux swing as occurs without
control.

CONTROL w

Fig. 7: Mag. Amp., series fype, single core

Fig. 8: Diagram iltustrates sectional view
of another combination of fwo cores

CONTROL WINDING

POWER WINDING

If still higher control currents are
applied, the magnetization curve
will be horizontal, indicating “satu-
ration” of the core material. It is
obvious that, in this case, the ap-
plied voltage could not be absorbed
by the reactor. The reactor would
lose its inductance, and the result-
ing ac would be limited only by the
load circuit resistance.

This principle is included in a
more practical controlled saturable
reactor as seen in Fig. 3. The reactor
of Fig. 2 has practical significance
only where low power wave shape
distortion is desired.

A core material with a more rec- -

tangular magnetization curve is used
in Fig. 3. Better use of the core is
made by initially magnetizing the
core up to the knee of the magneti-
zation curve. A much higher power
supply voltage can be applied, as
indicated by the higher alternating
flux swing. The exciting currents in
Figs. 2 and 3 are made equal to
emphasize the advantage gained in
Fig. 3.

Ouniput Current

A higher output current will be
achieved because of the higher ap-
plied voltage and because saturation
(horizontal portion of magnetization
curve) is achieved at low magnetiz-
ing currents. The horizontal portion
of the magnetization curve indicates
that the reactor has no appreciable
impedance, and the total applied
power voltage has to be absorbed by
the load. Load currents and voltages
for intermediate control values are
highly distorted as are those ob-
tained with thyratrons Neglecting
the relatively small magnetomotive
force which is required to achieve
saturation, I'ig. 3 shows that for
maximum output, the peak values of
the load ampere turns equal the de
control ampere turns. This can be
written:

IL (eak) N = Ic 7:\Tc (1)

This equation does not mean that no
gain could be obtained from this
controlled saturable reactor. By re-
lating the output current I; to the
input current I, the current gain in
this particular case is:

II, (P:z’.k)/:IC = r\‘YC/l\rL (-)>

It can be seen that a current gain
can be achieved il the number of
control winding turns is made sub-
stantially higher than the number of
turns in the load winding. The power
gain can be very high if, in addition,
the load resistance is much higher
than the control circuit resistance.
A brief comparison between the
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fig. 10: Amp. with feedback, dc or ac output
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Fig. 11: Amp. characteristics, varying feedback

amplifying saturable reactor, vac-
uum tube, and transistor, which il-
lustrates some major functional dif-
ferences, is as follows:

1. Saturable reactors are con-
trolled inductances; therefore such
reactors have to operate on ac pow-
er. Vacuum tubes and transistors
are controlled resistances and, gen-
erally, they operate on dc power.

2. Saturable reactors and tran-
sistors are essentially controlied by
currents, and, as a result, have rela-
tively lower input impedances than
vacuum tubes, which are controlled
by an electric field or control volt-
age.

A few fundamental relations of
the saturable reactor are presented
here for two reasons: (1) They al-
low a rough design analysis; (2)
they form an introduction into the
theory.

The basic relation in an inductor
like the load circuit of Fig. 1 can
be expressed as:

. de . di
¢c =1IR+ N —=R+L— (3
de dt
where:
e = instantaneous value of applied
ac voltage
1 = instantaneous value of current
R = circwit resistance
N = number of turns in winding
¢ = magnetic flux in core
de . .
T rate of change of flux over time
t
I. = ‘nductance

[:3
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MAGNETIC AMPLIFIERS

It should be noted that no com-
mitments are made here as to the
system of units, hence no numerical
constants appear in the equations.

If the flux swing remains-in the
steep linear portion of the magneti-
zation curve (Fig, 3), the voltage
drop is mainly inductive and iR can
be neglected. Eq. 3 then reduces to:

N3

€= dt

4)
Assuming sinusoidal wvoltage and
flux alternations, Eq. 4 can be writ-
ten as:

E = N2fo (5)

where E and ¢ can be taken as maxi-
mum, rms, or average values, It
should be kept in mind, however,
that voltage and flux are still 90°

(Continued)

out of phase as indicated in Eq. 3
and 4. The power supply frequency
is denoted by f. Since the total core
flux can be expressed as flux density
B times core sectional area A, Eq. 5
can be rewritten as:

E = N2xfAB (6)

This equation represents a suitable
design formula linking electrical and
core dimensional quantities. Loss
and heat dissipation considerations
have to be made in addition.

In the saturable reactor illustrated
in Fig. 3, B has to be taken as the
flux density where the knee in the
magnetization curve occurs. The
voltage that has to be applied will

then be obtained in maximum
values.
The exciting current derived

graphically from Fig. 3 can also be

TABLE I: DC CHARACTERISTICS of SATURABLE REACTOR CORE MATERIALS

- SATUR. RESIOUAL
oomP. SPECIAL MAXIMUM 8-H |fLux p | BTES  [OERCIVE |RESIST
(REST TRADE NAME TREATMENT PERMEABILITY LUX'D. [ ggaT FORCE 5
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£ | wrpersL GRAIN
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SILEGTRON I
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TABLE 11: IDEALIZED RELATIONS of MAGNETIC AMPLIFIERS in OPERATING RANGE

N = number of turns in one reactor winding
R = resistance

RI_.,.='o'uJ lond circuit resietanca e

SIMPLE. AMPLIFIER *
CIRCUITS £ FEEOBACK AMPLIFIER
SERIES PARALLEL SERIES PARALLEL
AMPERE TURNS RELATION LN = Iche I NL = 2 TeNe ILNU=IoNe £ TUNe | E.Mis 2(IcNe & ILN#)
18 . e o N N Ne : __ 2N
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VOLTAGE GAIN % N R .
_ e 2Ng Rir Ry N 2R.7 Ng
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. L N2 M2\ R _L) -l N2 N2
OF POWER FREQUENGY T R %f’é M2 \R, +2R,,,) aNNIRe TR, /| RN RRR: YR,
SYMBOLS SUBSCRIPTS
I= average current Lz load circuit

Ccc control circult -
W= ac winding of ons reocior
feedbdck circuit

% UPPER SIGN IN SUM REFERS 10O
POSITIVE - FEEDBACK.

LOWER SIGN IN SUM REFERS TO
NEGATIVE FEEDBACK.
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derived from Eq. 6 by recalling that
the magnetization curve is expressed
by the relation B — uH, where 1 is
the permeability, and H is the mag-
netizing force which can be approxi-
mated by the ampere turns IN per
core length 1. Hence,

B=#~! (7

where B is the flux density at the
knee, and IN are the ampere turns
of the exciting current.

Substituting B (of Eg. 7) in Eq.
6 yields.

N2 A

=12
E I_fl

(8)

This equation governs the operation
of the saturable reactor in Fig. 2
where u is being varied by the con-
trol current. I is the output current.
This equation (8) also gives an ex-
pression for the inductance. Since,
accerding to Ohms law,

E =12« (9)

we obtain from comparison of Eags.
8 and 9 the following:

NQLMAA

L=—

(10

According to the method of opera-
tion, the amplifying saturable re-
actor operates essentially as a modu-
lator. The modulating characteristic
is emphasized here in order to fur-
ther illustrate the method of opera-
tion. The output current of satur-
able reactors, unlike that of vacuum
tubes and resistors, will always be
ac unless rectified. The signal ap-
pears as the envelope of the ampli-
tude modulated power frequency.
Inherent limitations of the magnetic
amplifier derive from its.modulating
characteristic.

Particular qualities of the satura-
ble reactor which are desirable in
some applications also stem from
the modulating characteristics, Satu-
rable reactors can be used advan-
tageously in the input stage of low
level dc amplifiers. Here the main
objective is the conversion of the dc
signal into ac, which can be ampli-
fied more conveniently.?

CORE MATERIALS

A comparison of the saturable re-
actor of Fig. 2 with that of Fig. 3
reveals that magneétization curves
composed of vertical and horizontal
portions are desirable for high gain.
A vertical magnetization curve

(Continued on page 135)
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Simple Computer Automatica
Plots Correlation Funetions

AMPLIFIER AND
INDICATOR

®
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Fig. 1: Sketch showing the basic method of Simcor operation

tiSimeor,”’ a simple analog device, takes input information

on motion picture film tapes and automatically provides

answer on paper strip. Immediate applications include

radar noise, ship deck motion, and hearing perception
studies. Important time savings for scientists promised

By ALLEN H. SCHOOLEY

Associate Superintendent, Radio Division III, Naval Research Laboratory,
Washingiorn 25, D.C.

N recent years the correlation

function has found application in
the electronic field for the detection
of periodic signals in noise. Lee,
Cheatham, and Wiesner®? have ex-
ploited this approach. Correlation
analysis has also been used to some
extent in the study of ocean waves
by Seiwell and Wadsworth.? Wil-
son* has even examined the corre-
lation function of Ayres’ index of
business activity in the hope that he
might be able to predict the boom
and bust periods of commerce.

The autocorrelation function was

first set forth by Wiener® in 1930.
It is defined as

I 1 [T
ety ICHC TR

where f(t) is a time function,

f(t+ 1) is a time function identi-
cal to 1(t) except displaced t time-
units, and

T gives the integration time limits.

Eag. (1) involves the following
basic operations. First, the given
time function f(t) is displaced by
the time 1. Second, the time function
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and its displaced form are multiplied
together. Third, the average of the
integral of the product is obtained
over a complete period of —T to
-+ T. This process generates a new
function, ¢ (), which may be plotted
as a correlogram with displacement
T as the independent variable. For
obvious reasons, the integration
limits of time (— coto4 o) are not
rigorously used in practical applica-
ticns. Judgment must be used in
selecting the length of the time func-
tion sample, since it must be suffi-
ciently long to give a reasonably
correct correlogram without involv-
ing an impractically long integration
tima. The crosscorrelation function
is defined by an equation similar to
Egq. (1), except that {(t) and
f(t-+1) are expressed as f,(t) and
f,(t+71) because two different time
functions are correlated.

There have been several success-
ful attempts to mechanize the op-
erations indicated by Eg. (1). A
rather complex electronic digital
correlator was built by Singleton.®
Hastings and Meade? have built a

relatively .elaborate  correlation-
function ccmputer utilizing mag-
netic tape.

In pursuing an electronic research
problem, it was found desirable to
devise a simple analog computer for
use in evaluating the autocorrela-
tion and crosscorrelation functions
of analytical and experimental time
functions. A simple correlator,
called “Simecor,” has been con-
structed at the Naval Research Lab-
oratory. It has proved to be quite
useful for the problem for which it
was devised and, in additicn, is be-
ing used for correlation analysis in
other fields.

Principle of Operation

Fig. 1 is a schematic sketch show-
ing the basic method of Simcor op-
eration. A small constant-speed
motor (M) is used to drive two
35-mm motion-picture sprockets
(S, and 8,) at the same speed,
through gearing to a common shaft.
On each sprocket is one side of a
loop of 35-mm motion-picture film,
designated as F, and F,. The film
width of each loop represents the
dependent variable of the time fune-
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SIMPLE COMPUTER

Fig. 2: {Above) The outomatic Simcor

Fig. 3: (Right) Embossing apparotus de-
vised for convenience in preparing film tapes

tions f(t) and f(t) or f, (t) and £,(t).
The sprocket holes provide a con-
venient unit of measure for the in-
dependent variable t. Riding against
the opposite edge of the film-loops
at the sprocket position are steel
pins N, and N, that are attached to
the center portions of levers 1, and
L,. The far ends of L, and L, have
bearings B, and B, which allow
movement in the lateral direction.
The near ends of L, and L, form the
moving arms on linear potentio-
meters P, and P,. The position of
each potentiometer arm is closely
proportional to the instantaneous
position of the dependent variable,
provided that the steel pins N, and
N, always are held in contact with
the edges of ¥, and F, by the springs
J, and J,.

In evaluating the autocorrelation

7%

(Continued)

voltage by the battery E. The poten-
tial between the fixed center con-
nection and sliding contact of P, is
then applied across potentiometer
P,. The potential across the fixed
center connection and the sliding
contact of P, is then connected to a
dc amplifier and indicator through
an integrating RC filter. The input
resistance of the filter and amplifier
is much greater than the resistance
of P,, and the resistance of P, is
much greater than the resistance of
P,. Thus, with the connections
shown, the voltage applied to the fil-
ter is proportional to the instantan-
eous product of the two functions
represented by the two loops of
film. The RC filter performs the in-
tegrating and averaging process and
its output is finally applied to the
indicator. In this way, the basic op-
erations for evaluating the auto-
correlation function ¢ (1) as given by
Equation (1) is mechanized for

=

INDEXING  POINT

GEAR REDUCTION |
I

function of a given time function,
the two loops of film are made to be
similar by scribing the time function
on a suitable length of 35-mm film
and then cutting along the scribed
mark. The two resulting sections of
film are then spliced to form two
loops and placed on the sprockets,
as shown in Fig. 1. The sketch shows
both loops synchronized, corre-
sponding to T-—0. This is evident
because ¥, and F, are shown sta-
tionary with their splices at the
fixed index mark (I). Under this
condition, when the tapes are ro-
tated, the moving arms of both lin-
ear potentiometers will move in uni-
son as the sprockets drive the film.

As shown in Fig. 1, the potentio-
meter P, is supplied with a fixed de

To determine ¢(t) for other val-
ues of T, it is necessary to stop the
motor and, using the loop splices as
an index, shift one loop with respect
to the other by the number of
sprocket holes representing the de-
sired value of 7. This shift may be
accomplished by a friction clutch
(K) built into one of the sprockets
(shown in exploded view in Fig. 1).
After T has been properly set, the
motor is allowed to run long enough
for the input to the indicator to
stabilize. The deflection of the indi-
cator then gives the value of ¢ (1)
for the value of T that was selected.
The same process is repeated for
sufficient values of T so that the
autocorrelation function can be
plotted as a correlogram.
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It is obvious that the arrangement
shown in Fig. 1 is not suitable for
automatically plotting correlation
functions. The automatic feature has
been accomplished by two modifica-
tions. First, a differential gear ar-
rangement was constructed to re-
place the friction clutch, making it
possible to change T while the film
strips are in motion. Second, the
indicator was replaced by a paper
recorder. The automatic Simcor is
shown in Fig. 2. Within the metal
box are a small synchronous moter
and gearing for driving the two
sprockets at a rate equivalent to a
film speed of 2 1% in./sec. A second
synchronous motor and gearing
which can be seen on the metal box
operate through differential gearing
within the box to shift one film tape
with respect to the other at a con-
tinuous rate of one sprocket hole
every 15 seconds. Since the film
tapes are about 30 in. long, they
make approximately one round trip
for each differential tape movement
of one sprocket hole. This meets the
requirement of slow scanning of -
as compared to the necessary inte-
grating time, which must be on the
order of one round-trip time for the
tapes.

Linear Poientiometers

The linear potentiometers consist
of wirewound resistance cards
mounted in slots in insulating
blocks. The knob shown on the left
of the visible potentiometer block
provides lateral adjust of the poten-
tiometer center-tap to the mean-
value point of the time function be-
ing correlated.

Visible in the left rear of Fig. 2 is
the battery source of direct current.
The RC filter is in the center and

consists of three Y%-megohm resis-
tors and four 12-uf capacitors. The
amplifier and recorder are contained
in the wooden box on the right; the
paper speed is Y% cm per minute.

Preparation of Function Tapes

Before showing the results from
Simcor, a few remarks regarding the
preparation of the time-function
loops should be made. It is possible
to lay out the time function directly
on 35-mm film, but usually it is
more convenient to start with a time
function plotted to a larger ampli-
tude than would be allowed by a
35-mm film. Furthermore, it is de-
sirable to have the time scale more
expanded on the film loop than is
usual when the same curve is plot-
ted for visual inspection. For con-
venience in preparing film tapes,
the embossing apparatus shown
schematically in Fig. 3 was devised.
In this equipment a person keeps
the index point in coincidence with
the time function that has been
drawn on a sheet of paper and at-
tached to the large drum. The drum
is rotated slowly by the motor acting
through two gear trains. The 35-mm
film sprocket is rotated to give a
higher linear rate for the film than
for the graph. A suitable length of
film is threaded on the sprocket and
passed beneath a phonograph-
needle stylus mounted on the track-
ing lever near the pivot point. The
stylus thus embosses the time func-
tion on the film at reduced ampli-
tude and lengthened time scale, as
compared to the original time func-
tion. The amplitude compression ra-
tio used is about 4.5/1 and the time
scale expansion about 4/1. A film
cutter also has been built to cut
time-function tapes directly from
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magnetic tape recordings of the time
functions.

The question arises as to the ac-
curacy of scribing a time function
on film, cutting the film apart, and
then reproducing the time function
on the Simcor potentiometers. Fig. 4
shows a time function representing
noise from a General Radio Co.
electronic noise generator.® This
function was put through the em-
bosser, and the resulting film was
cut apart with scissors, made into
loops, and put on the correlator. A
high-resistance voltmeter was then
connected to the output of P, (Fig.
1) the film was advanced by hand,
and the voltmeter was read point-
by-point along the loop of the film.
The small circles seen at the maxi-
mum and minimum points were in-
dicated by the voltmeter after care
was taken to establish the proper
scale factor. It is evident that, in
general, the errors are less than 109.

Correlatlion Analysis

It can be shown analytically that
the autocorrelation function of a
square-wave time function is of tri-
angular shape. Thus a square wave
provides perhaps the simplest meth-
od for checking the over-all per-
formance of a correlator. Fig. 5a
shows the autocorrelation function
of a symmeitrical square-wave time
function, as plotted by Simcor. In-
spection reveals that, due to inac-
curacies in the mechanization, the
peaks of the triangular autocorrela-
tion function are rounded off. Prob-
ably the principal contributing
cause to this rounding off is the
finite rise time required for the
square-wave input to Simcor when,
actually, this rise time should be
infinitesimal. This type of error,
though present does not preclude

{Continued on page 156)
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Transistors in Terms of Vacuum

Consfant-voltage parameter analysis reveals philosophy of transistor
terminology. Technical defails of the “Transistorbridge,”” a new
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By Dr. HANS E. HOLLMANN
U. S. Naval Air Missile Test Center, Point Mogu, Calif.
NY two-, three-, or four-pole the factor u, is the voltage amplifica-

element is characterized by its
current-voltage characteristics. The
form in which these curves are
plotted is a matter of taste and con-
venience, that means the dependent
and independent variables can be
selected in different combinations.
Following the old-fashioned trend
of vacuum tubes, the starting point
for our considerations is the family
of collector characteristics showing
the collector current versus the col-
lector voltage with the emitter volt-
age as parameter (Fig. 1b). Inter-
changing the independent variables
yields the transfer characteristics,
Fig. 1a. It is well known that both
families are similar because they
represent only two aspects of the
same three-dimensional surface.
For a moment, let us forget that
we are dealing with transistors and
let us analyze the curves in terms
and symbols of vacuum tubes. We
then derive an internal collector
resistance re=(dV./dl.) for Va—
const,, a collector transconductance
Zme = (dIo/dVy) for a constant col-
iecter voltage Vg, and a voltage am-
plification factor u, = (dVo/dVy) for
a constant collector current I.. With
reasonable accuracy, these three dif-
ferential parameters are interrelated
by the famous tube formula r, g, =
He.
Since the base is at zero potential,

74

tion of a grounded-base transistor at
open collector circuit. The equivalent
network (Fig. 2) contains a collector
generator producing the emf. u,V,,
exhibiting the internal impedance r,
and being loaded with the external

Fig. 2: Equivalent collector circuit

Fig. 1: {Left) Collector churacteristics [A);
(B} transfer curves for constunt voltages

resistance R;. The action of the load
is characterized by a loadline. At the
same time, the intersections between
this line and the collector curves per~
mit the evaluation of harmonic dis-
tortions. As for vacuum-tube ampli-
fiers, the voltage gain can easily be
seen to be

AV = ,uc/ (1 + rc/RL)

Up to this point, our considerations
do not differ from customary tube

Fig. 3: Collecior and emitter characteristics
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Tubes

circuitry in vacuum tube
simple tester, described

philosophy. The picture must be
completed, however, by taking care
of the emitter circuit. For this pur-
pose, we supplement the collector
characteristics by two families of
emitter curves (Fig. 3 ¢ and d). The
opposite polarity between the col-
lector and emitter supply voltages re-
sult in opposite direct currents so
that the emitter curves represent an
image-inverted picture of the col-
lector curves.

These new curves suggest the def-
inition of three additional transistor
parameters, namely an internal
emitter impedance r, = (dVg/dly)
for constant collector voltages, an
emitter tranconductance g, =
(dIz/dV) for Vi, = constant, and,
seen from the collector, a voltage at-
tenuation factor 1, = (dV./dVy) for
a constant emitter current. Again,
the three additional parameters are
interrelated by the formula r.g,,, =
U,

Emilter Circuii

The equivalent emitter circuit in
Fig. 4 incorporates an emitter gen-
erator in synchronism with the col-
lector generator producing the coun-
ter em.f. 4, Vy, where V;, == AV, de-
notes the output voltage across the
load resistor.

In addition to the four parameters
e T'e, U, and r,, it is convenient to
introduce the current amplification
factor o« = (dI./dI;)V, in the for-
ward direction and an associated
current attenuation factor B =
(dIz/di;) Vi in the reverse direction.
Whereas the voltage amplification
factors for both directions equal the
products of impedances and trans-
conductances with the same sub-
scripts, the current amplification and
attenuation factors equal the im-

pedance and transconductances
products with interchanged sub-
scripts, i.e.

& = Bme'fe = P'cre/rc Rnd
18 = gme ' fe = ,u'crc/re-

They may be found with the aid of
the previous parameters but also can
be derived as the slopes of the I,-Ig
curves shown in Fig. 5 and plotted
for Vi and V,; = constant, respec-
tively.

There exists a significant relation-
ship between the voltage and current

Fig. 4: Two-generator circvit of a transis-
tor in & grounded-base connection

Fig. &: Diagram showing the grounded-
emitter circuit having two generators
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Fig. 7: Curves showing ratio between maxi-
mum available power gains of a grounded-
emitter and grounded-base transistor

gains on the one hand and the volt-
age and current attenuation factors
on the other hand, namely

= pgpe = B

As a rule of thumb, we may state
that a transistor is more efficient, the
closer & approaches unity, Excellent
transistors are characterized by a
number 8 which deviates from one
only by a few per cent. In order to
avoid the corresponding decimal
points, the introduction of a general
figure of merit

K = 8/(1-9)

is convenient. Excellent transistors
exhibit figures of merit between 1
and 10.

The tube expert is satisfied with
the voltage amplification factor be-
cause the power gain of a vacuum
tube is infinitely high—as long as
the electron inertia does not enter
the picture. In the transistor field,
however, the power dissipation in
the emitter becomes a decisive fac-
tor. The maximum available power
gain of a transistor in a grounded-
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. TMemory,

Fig. 5: Collecter und emitier current
tharacteristics for constant voltages

Fig. 9: DC circuitry of transistorbridge

base connection, expressed in terms
of the constant-voltage parameters,
is

APmax - e =
(1 +V1—s)
1+ K

The optimum available power gain
equals the product of the current and
voltage amplification factors multi-
plied by a simple function of the fig-
ure of merit. For great values of K,
the expression assumes the simple
form au, = amplification-product
Inversely, when K approaches the
extremely low value of zero, the
power gain is only one fourth of the
amplification product. As an aid for
the maximum available
gain may be visualized to be one half
of the amplification-product accu-
rately as ac power eguals half the
product of the peak values of cur-
rent and voltage.

A second transistor connection
which has been found to be very
practical is the grounded-emitter
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TRANSISTORS

stage (Fig. 6). In this case, the emit-
ter generator may balance the input
voltage so that no input current is
drawn. The transistor then operates
similar to a vacuum tube. On the
other hand, if the emitter-generator
voltage remains below the input
voltage, in other words, if there is
no balance, the input impedance re-
mains positive but is much greater
than the emitter impedance r,.

Instead of evaluating the power
gain of the grounded-emitter con-
nection, let us consider the improve-
ment of the latter over the grounded-
base stage, more accurately, the
ratio between the maximum avail-
able power gains in both circuits. The
ratio @ can be expressed in terms of «
and & or of « and K as follows:

"1“‘\/1—*5-“’
Q=] 57— | -
V1—e T V1—5

[ LHVIGK e
1+ VIFK (1_0[)]

Fig. 7 shows this ratio versus « for
various figures of merit. Once the
current amplification factor and the
figure of merit is known, the supe-
riority of the grounded-emitter stage
over the grounded-base transistor
can easily be read off.

The other extreme is the case in
which the emitter generator over-
comes the input voltage so that the
input impedance becomes negative.
Since the e.m.f. of the emitter gen-
erator depends on the loadresistor,
the negative base impedance can be
adjusted by means of R,. Based on
this principle, the “Dynatron-Tran-
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 MAIN SELECTOR SWITCH

sistor” may be utilized as a Q-meter
(Fig. 8). The schematic shows the
base loaded with a tank circuit. At a
definite value of R;, the negative
base impedance equals the resonant
resistance of the tank circuit and
generates oscillations which are ob-
served by means of a vacuum tube
voltmeter or an oscilloscope. The
transistor @-meter is calibrated by
replacing the tank circuit with dif-
ferent standard resistors and by ad-
justing R, until the system becomes
unstable and starts relaxation oscil-
lations. In this way, the load resistor
R, can be calibrated in terms of nega-
tive resistances accurately as the
negative plate resistance of a dyna-
tron tube is calibrated in terms of
grid voltage.

Aniomaiic Ploiliers

The evaluation of the differential
transistor parameters by means of
the static current-voltage character-
istics—regardless of whether they
are plotted for constant voltages or
constant currents—is very cumber-
some and time consuming. The task
is facilitated by automatic plotters
which trace the characteristics either
on the screen of an oscilloscope or
directly on paper by means of a re-
cording potentiometer. More con-
venient is the measurement of the
incremental parameters with ac. For
this purpose, we transfer the well-
established methods for measuring
the small-signal behavior of vacuum
tubes into the transistor field. The
result is a simple tester, called the
“Transistorbridge.”

Fig. 11: A laboratory model of the test set

' TEST TRANSISTOR .

_ POWER sg_P"fa |

Ve

TUBES ’
TRANSI STN:

Fig. 10: AC circuitry of tronsistorbridge

In order to facilitate the explana-
tion of the circuitry, the various
bridge circuits are discussed in the
same sequence as they are actuated
by a main selector switch whose four
positions are labeled u,, u,, 1., and r,,

Separate dc and ac circuits permit
the balancing of the bridge without
affecting the quiescent points of op-
eration. In the schematic (Fig. 9),
the transistor currents adjust them-
selves via the preresistors R, and
R’,. Since these resistors should be
much larger than the emitter and
collector impedances, saturated vac-
uum tubes are more efficient. The
polarity of the two power supplies
or batteries can be reversed thus

(Continued on page 124)
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New Antenna
Reduce P-Ntatic

insulated antenna fittings materially reduce

precipitation interference

weather. Three year program has vitimately
developed commercial sources capable of sup-
plying military and non-military needs. More

development needed ai supersonic speeds

By CHARLES DI VORE
Naval Research Laboratory, Washingion 25, D.C.

Ten yvears of research, develop-
ment, test and production at the
Naval Research Laboratory have
resulted in antenna fittings that ef-
fectively reduce aircraft radio in-
terference caused by precipitation
static, and are easy to install and
cheap to maintain,

After three years of unsuccessful
attempts to secure a satisfactory
commercial supplier of the entire
line of fittings, the Laboratory has
not only produced sufficient quanti-
ties of the new fittings to supply the
most critical needs of the Navy, but
in addition has developed commer-

in all

Fittings
nterierence

kinds of

THESE PARTS ARE NOT
REMOVED FOR INSTALLATION

STRAIN INSULATOR

END CAP

cial sources for components of the
fittings which should be capable of
supplying the future needs not only
of the military services, but of com-
mercial airlines as well. Fig. 3
shows the complete line of antenna
fittings developed by NRL. The
achievement is of particular signifi-
cance, incidentally, because several
of the recent military air crashes,
particularly in the Arctic regions,
have been authoritatively attrib-
uted to precipitation static.
Precipitation static is no new
phenomenon. Back in 1906, a ground
radio station in Denver, Colorado,

B

/;NTENNA

ANTERNA WIRE
SUPPORT SLEEVE

(PSP

M\]\— ANTENNA MAST

AN

ANTENNA

TEE CONNECTOR
’ SUPPORT SLEEVE

ANTENNA

SUPPORT SLEEYE ANTENNA MAST —7—-

LEAD-THRU INSULATOR

ANTENNA TENSION TAKE-UP

ANTENNA

LEAD-THRU INSULATOR
ADAPTER

LEAD-THRU MAST

ANTENNA SUPPORT
SLEEYE

Fig. 2: Diagram showing twe typical installations using new anii-precipitation-siatic fittings
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Fig. 1: Strain insulater iL-7/U and fee connecior U-67 /U

. ANTENNA WIRE

1
2
3. POLYETHYLENE WASHERS
4. HIGH YOLTAGE SLALS
5. INSULATOR -BODY
6. WIRE CHUCK

reported interference caused by at-
mospheric static. Two kinds of such
static were experienced: (1) short,
intermittent crashes due to light-
ning, and (2) a continuous type
which might blanket reception for
hours and was characterized by a
combination of noises, which might
be either intermittent or regular,
but consisted of crackling, “scream-
ing” or “crying” sounds. This second
class of static was termed precipita-
tion static in 1937. It was usually
experienced in an airplane radio
receiver when flying through rain,
snow, hail, ice crystals, or even dust
clouds.

Early Preventives

Between 1928 and 1934 transport
aircrafts were equipped with radio.
In trying to solve the precipitation
static problem, ecommercial planes.
tested radio antennas covered with
tape, or thick rubber covering.
There were also developed trailing
steel wire dischargers used either
at stabilizer tips or at aircraft tails.
Shielded loops, mounted under the
nose of an airplane, also proved ef-
fective.

Although the seriousness of pre-
cipitation static was well recognized.
by 1935 when all-weather flying was
the order of the day, there was no
general agreement on the causes of
this source of radio interference,
Shortly after- the beginning of the-
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ANTENNA FITTINGS (Continued)

war, the military services, stimu-
lated by the loss of many aircraft
and personnel as a direct result of
such interference, determined to set
up a research project to investigate
its causes and devise a cure. A
joint  Army-Navy Precipitation-
Static  Project Committee was
therefore organized in May, 1943, to
carry on this investigation (at that
time, the Air Force still was part of
the Army). Because the Navy was
already working on the research
aspects of the problem, the provi-
sion of research facilities and tech-
nical direction was made the re-
sponsibility of the superintendent of
the mechanics and electricity divi-
sion of the Naval Research Labor-
atory, who at that time was Ross
Gunn. To expedite the work, the
Navy’s Bureau of Aeronautics built
a giant hangar at Minneapolis, in
which special experiments could be
performed. Extensive laboratory as
well as flying experiments were
conducted over the next few years.

By 1946, the Minneapolis Project,
as it became known, could report
these findings:

(1) an airplane flying in preci-
pitation of various sorts is charged
to a high electrical potential, with
more or less intense corona evident
on sharp projections;

(2) precipitation static is caused
by that corona;

(3) suppression of corona on the
antenna itself and elimination of
sharp projections near the antenna
does away with most of the radio
interferences caused by the charged
condition of the airplane;

(4) the charge on the airplane
can be reduced to some extent by
means of dry-wick dischargers
mounted on the wing and vertical
stabilizer tips.

Taping the Fittings

The Project also developed a
polyethylene-covered wire and a
technique of taping the fittings with
polyethylene tape in such a man-
ner, that, with extreme care, fair
suppression of antenna corona could
be achieved. Polyethylene-covered
antenna fittings were also developed
by the Project, but these fittings
were inadequate because of the lack
of a high-voltage seal where the in-
sulated wire terminated in a fitting.

The Project was terminated as a
“Joint” activity in 1947, but devel-
opment work on the antenna fittings
was continued at the Naval Re-
search Laboratory, under the tech-
nical direction of W. A. Von Wald,
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Jr., of the mechanics division. It was
found that the slightest pinhole or
minute break in the antenna cover-
ings would make the entire cover-
ing useless. Simply stated, the prob-
lem was to lick this difficulty.

By 1948, a suitable packing-gland
type of high-voltage seal had been
developed. This seal consists of a
silicone rubber sleeve, a series of
polyethylene thrust washers and a
molded lucite cap which, when
screwed into the end of the fitting,
forces the rubber sleeve tightly
against the wire covering and the in-

side of the molded covering of the
fitting. The thrust washers prevent
cutting of the soft silicone rubber
by the cap and also serve to protect
the sealing sleeve from any liquids
which might otherwise become ab-
sorbed in the rubber and damage
the seal or the entire fitting.

The end of the wire is anchored
in the fitting by a wire-holding
chuck. This chuck consists of & pair
of spring-loaded jaws which are as-
sembled in a tapered housing. On
installation, the wire is pushed into
the fitting thus forcing its way be-
tween the jaws and compressing the
spring somewhat. When an outward
pull is exerted on the wire, the wire

Fig. 3: The complete line of anti-precipitation-static fittings

e
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pulls the jaws down into the taper,
forcing them to grip the wire ever
tighter as the pull increases. All in-
sert assemblies are fastened to-
gether with a rolled or swaged joint.

Struin ¥nsulator

Three of the fittings which were
developed are worthy of special
mention. One of these, a strain in-
sulator, consists of an insert assem-
bly composed of two wire-holding
chucks separated by an r-f insula-
tor. This assembly is encased in a
molded lucite sheath with a sealing
cavity and threaded cap on each
end, See Fig. 1. A teesplice is made

developed and produced by the Naval Research Loboratory

up of three wire holding chucks
fastened to a metal tee spacer which
provides mechanical support and
electrical connection between them.
This assembiy is molded into an in-
sulating covering similar to the
strain insulator described.

A dead-end mast is a streamlined
plastic unit, 24 in. long, with an ad-
justable insert in its head for ter-
minating an antenna. This insert is
a wireholding chuck encased in a
molded insulating covering. The in-
side of the mast head is threaded
and, by means of a plastic nut at
each end of the insert, a certain
amount of “take-up” is provided.

Naturally, these developments did
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not come easily. For one thing, the
NRL scientists had to build molding
facilities as well as learn molding
techniques, including the molding
of lucite around metal inserts, for
which there was no existing guide.
In general, materials were selected
for low-loss electrical characteris-
ties, combined with high mechanical
strength, but some compromise was
necessary in view of such consider-
ations as availability and, particu-
larly ease of fabrication. Finally,
however, satisfactory fittings were
developed which met electrical tests
of 240,000 volts dc, and mechanical
tests of 900 lbs. for the mast and
mast fittings and 500 lbs. for all
other fittings. What is more import-
ant, the fittings retained these per-
formance characteristics after a
temperature-cycle test which simu-
lated actual service conditions.

Enough experience was gained by
NRL in pilot-plant manufacturing
processes to warrant a Navy con-
tract in 1949 for production guanti-
ties. The prime contractor subcon-
tracted for various component parts
and the Laboratory continued to
furnish advice and guidance. But
the contractor was unsuccessful; a
second contractor had no better
luck.

Large-Scale Produciion

Von Wald and his associates still
were convinced that the manufac-
turing procedures they had devel-
oped in the laboratory for pilot-
plant operation were adaptable to
large-scale production. So NRL
made a break with tradition and
undertook a straightforward manu-
facturing approach to the problem,
rather than developing any new sci-
entific techniques.

It soon appeared that the contrac-
tors’ problems had been those of
quality control. For example, clean-
liness—similar to that common to
food-handling operations—was nec-
essary in handling the silicone pack-
ing washers; molding cycle temper-
atures and rates had to be carefully
observed and then held at chosen
settings, not just taken for granted
or varied at the whim of the ma-
chine operator. (Simple things in
most cases; the kind that appear
natural to a research man but
seemed finicky and time-wasting to
the contractors.) In confirmation of
their belief that the job was a prac-
ticable one, the NRL crew turned
out 1,500 pieces in the two days pre-
ceding Christmas, 1952! Within nine
months after undertaking the pro-
duction problem which had stymied
two contractors for three years, the

{(Continued on page 142)
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Conductance Curves Speed
Triode R-C Amplifier Design

Flexible circuit design technique gaining wide-

spread use. Dynamic information more readily

available with conductance curves than char-

acteristics normally provided with vacuum tubes

By KEATS A. PULLEN,

Ordnance Dept., Ballistic Research Labs.

Aberdeen Proving Grounds, Md,

ESIGN of circuits for reliable

"operation of electron tubes is a
problem of determination of both the
preferred static operating conditions
and the preferred dynamic condi-
tions for the tube. Since recent de-
velopments have emphasized the im-
portance of adequacy and reliability
of circuit operation, the ability to
design and optimize the operation of
a tube circuit is of greatly increased
importance.

The characteristic curves normally
provided for use with tubes offer
reasonably adequate information on
static operation of tubes. The use of
these curves to obtain dynamic in-
formation, however, proves rather
unsatisfactory because of the diffi-
culty in obtaining small signal tube
parameters from static type curves.

The problem of information trans-
mission is closely interwoven with
design data requirements in the
planning of tube characteristics
curves. The forms of curves used
should provide in as simple a form
as possible all the princinle data
needed in a circuit design. The curve
types should permit design over as
wide a range of operating conditions
as possible and should give a design
which when built in the laboratory
or shop would conform with design
requirements, The curves should
provide information which would
permit the designer to verify that
for a range of dynamic parameters
about the mean, or bogie, the circuit
using the tube would have adequate
reserve to make certain that proper
operation of the stage could be ob-
tained with production run tubes. In
addition, the curves provided should
permit the designer to redesign his
stage for minimum element power
dissipations in order to provide max-
imum life and reliability.
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Fortunately, the conductance type
curves which were recently an-
nounced appear to meet most of
these requirements. See Fig, 1. Con-
siderable experience collected in use
of this type of curves on several tube
types and a wide variety of circuits
has disclosed no circuit failures
traceable to the new type tube char-
acteristic curves. Amplifications of
the designed stages checked within
normal tube tolerances, distortion
characteristics have been approxi-
mately the same as the values calcu-
lated, power output capacities
proved to be available, and even cir-
cuits such as multivibrators can be
designed within reasonable limits.

Sample Tubes

The conductance characteristics
curves which have been published
{see reference articles) and also in
this article are not to be considered
as sets of bogie curves on the tube
iype in question. They were taken on
one or two sample tubes available,
In spite of the fact the curves cannot
be considered to be those of a bogie
tube, no difficulties have been en-
countered so far in assuming the
curves to approximate those of a
bogie tube, The reason satisfactory
designs result in spite of the fact the
curves are not bogie appears to be
that the effect of tube variation ap-
pears to be one of scale instead of one
of curve pattern.

This article examines the applica-
tion of the conductance design tech-
niques to the design of resistance
coupled triode amplifiers. Further
articles discussing other applications
of the conductance technique to a
variety of the more commonly used
circuit and tube types are in prep-
aration.

Derivation of the voltage amplifi-
cation equation in the best form for
use of conductance data is based on
the small signal plate current equa-
tion of the electron tube. For the
triode this equation is

ip:GM ec+ GP ep (1)
where i, is the plate current change,
Gy, is the transconductance, e, is the
grid voltage change, G; is the plate
conductance, and ey is the plate volt-
age change. Since the supply voltage
is normally constant, the sum of the
plate voltage change and the load
voltage change is zero. Substituting

e, = —e, = —1, Ry,
in (1), rearranging, and multiplying
the value of i, by —Ry, gives

e,=—GyRpe./ (1+GpRy) (2)
The ratio of e, to e, gives the voltage
amplification, VA, of the stage. It is

VA=—-GyR.,/ (1+G:;R) (3)
The amplification given by (3) is
actually the small signal, or dynamic
amplification. This amplification va-
ries as a function of the load resist-
ance, the bias, and the plate voltage.

Determination of the actual ampli~
fication requires one first to estimate
the values of transconductance and
plate conductance at the load line—
orid contour intersection where the
value of the amplification is desired.
The values of the transconductance
and the plate conductance, and the
resistance value of the plate load
resistor then are insterted in (3).
When (3) is solved, it gives the re-
quired amplification.

Distortion Equation

Determination of the distortion of
the amplifier stage is based on the
values of amplification at several
values of bias as calculated by (3).
Because the amplification determined
by (3) is small signal, rather than
average, amplification, the distortion
equation applying is slightly different
than the usual equation. In cases
where the second harmonic compo-
nent of distortion predominates, the
distortion eguation is

25(VA, — VA) )
(VA -+ VA)

The VA, and VA, in (4) are the

amplifications at the most positive

%, Distortion —
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grid bias and the most negative grid
bias respectively.

Where push-pull amplifier opera-
tion is used, a more complex equa-
tion applies. Since in push-pull op-
eration second harmonic distortion
is assumed to cancel out, the distor-
tion would he

< i 1
gy Tho A A ©
= / (VA,+6VA,+VA,)

where VA,, VA, and VA, are the
amplifications at the most positive
bias, mean bias, and most negative
bias respectively (the assumption of
cancellation of the second harmonic
distortion may not be valid).

Evaluating Distortion

The technique for evaluating the
distortion as in (4) and (5) requires
first the selection of a number of
typical points over the range of bias
to be used which i$ numerically
equal to the highest order harmonic
to he determined. Two of the points
should be chosen at the most positive
and the most negative biases respec-
tively, with the remaining points
spaced to provide uniform bias in-
crements. A power expansion of the
amplification as a function of bias
may be eguated to the actual point
by point amplifications to obtain the
coefficients of the power expansion.
Integration of the amplification power
series to provide output voltage as
a function of input voltage followed
by the application of a sine wave
inputvoltage gives the amplitude of
the harmonics in terms of the point-
by-point amplifications of the ampli-
fier. The two most important cases
are (4) and (5).

Determination of allowed operat-
ing range is based largely on the data
on distortion. Care must be used
where the dynamie load impedance
of the stage is different than the
static load impedance. The technique
for handling changes of load imped-
ance resulting from dynamic loading
is indicated in the examples. The
available output power from the R-C
amplifier stage can be determined
by use of the data collected in stage
design. Use of the data for obtaining
the available power is indicated in
the second example.

As the first example of calculation
of amplifier design, assume that an
R-C amplifier using a 6J5 tube were
desired which would, with a peak
grid voltage change of plus or minus
three volts, provide an output voltage
of #=45 volts with less than 4% dis-

(Continued on page 123)

Figs. 1, 2 and 3 {top to bottom): Conductance
turves of sample 6J5 vacuum tube facilitate .
determination of voltage amplification, dis-
tortion, and other operating characteristics
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Fig. ¥: Multimeter developed by Signaf Corps Engineering Labs., with probes and cover removed

New Pocket-Nize

Rugged test instrument developed by Signal Corps

EVELOPMENT of a new gen-

eral utility test instrument by
the Signal Corps Engineering Lab-
oratories (SCEL) at Fort Mon-
mouth, N. J., is expected to result in
a modernized and fully militarized
version of that most fundamental
and widely employed measuring in-
strument of the communications and
electronics technicians, the multi-
meter. The newly developed test in-
strument shown in Fig. 1 consists
fundamentally of a conventional type
of combination ac and dec voltmeter
and dc¢ ohm meter designed around
a d’Arsonval type indicating micro-
ammeter. Novel features incorpo-
rated in the design, however, have
made possible a rugged, lightweight,
pocket size test instrument, of high
sensitivity and versatility in a form
which has been planned for utiliza-
tion of the most modern printed cir-
cuit techniques, and which is adapt-
able to production by automatic as-
sembly methods. Reduction of both
the materials and the labor cost
factors has been stressed throughout
the development as will be seen
from the detailed description of de-
sign which follows.

The multimeter, which has been
assigned the military nomenclature
designation  “Multimeter ME-77
( ),” has been developed under the
current military program aimed at
modernization and cost reduction of

communications and  electronics
equipment,
Unlike most new equipments,

which are being provided for the
military establishment through de-
velopment contracts with private in-
dustry, wherein administration of
development activity is accomplished
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Fig. 2: Front view shows operating controls

automatic assembly. Simple design requires only 21

Signal Corps Engi-
neering Labs.
Fort Monmouth, N.J.

by government engineers represent-
ing the contracting officers, this de-
velopment has been accomplished
entirely within SCEL at Fort Mon-
mouth. Although the facilities of
SCEL have evolved into a multiplic-
ity of extremely specialized units for
planning and administering research
and development contracts, as well
as for test and evaluation of the end
products of these contracts, it is felt
that the fullest advantage of the
specialized talents available within
SCEL was taken by means of the
close coordination with these spe-
cialists during each phase of the de-
velopment.

It has thus been practicable to
select each electrical component as
well as the material for every me-
chanical part under the direct guid-

ance of one or more experts whose
major job assignments are con-
cerned primarily with military ap-
plication of that type of part or
material, The decision to develop the
new test instrument without bene-
fit of a development contractor’s
facilities was made after considera-
tion of the scope of the project in
terms of the time required for en-
gineering and supporting personnel,
the cost of processing and adminis-
tering a contract and the advantages
which accrue from close control of
design of the end product by en-
gineers who are in frequent contact
with the final user of that end prod-
uct; namely the military repairman
who is a member of a tactical field
organizaticn,

Design Criieria

As for the design of the multi-
meter, the major criteria of versa-
tility, reliability and low cost were
held paramount in arriving at the
details of circuit design and con-
struction, Since the multimeter is
intended primarily for general pur-
pose use by military repair and
maintenance personnel in forward
tactical units, the types of funda-
mental measurements to be made
were first considered in the light of
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Fig. 3: Specially developed nonlinear meter for Multimeter ME-77

Multimeter

uses latest printed circuit methods, adaptable to

fixed resistors.

the possibilities offered by conven-
tional circuitry and in the order of
their probable frequency as well as
convenience of measurement. These
considerations channelled the initial
effort to an investigation of a suit-
able circuit for the wide range
measurement of dc voltage, dc re-
sistance and ac voltage, respectively
listed in order of importance to the
military repairmen.

Meier Seleciion

A survey of existing measurement
circuitry of the simple and reliable
type required led to the selection of
a sensitive (50 pa) indicating meter
with conventional associated cir-
cuitry to provide desired measure-
ment capabilities. Additive series
multiplier resistors provide the dec
voltmeter circuit employing the full
sensitivity of the indicating meter,
20,000 ohms/v, in continuous ranges
from the lowest permitted by the
particular microammeter selectad,
100 mv, to the maximum value
allowed by Joint Services main-
tenance policy, 1000 volts. The ac
voltmeter circuit also employs addi-
tive series multiplier resistors, but
in a 1000 chms/v system.

The use of a copper oxide meter

Nonlinear scale aids readability

rectifier becomes most practical at
this sensitivity, and in this case it is
used in conjunction with a second
rectifier unit which serves to limit
to a safe value voltages appearing
across the first during those half
cycles of current flow in the high
impedance direction. The particular
half wave circuit used was selected
for its simplicity, its linearity at
relatively low wvoltages, its good
frequency response and its relative
insensitivity to temperature changes
over the extremely wide range en-
countered by the prospective mili-
tary users. The optimum lower limit
established as the full scale value
is three volts. Even though the rec-
tifier efficiency is nearly as constant
over the lowest range of 0 to 3 volts,
as it is on higher ranges, an inde-
pendent dial calibration has been
provided for this range. This cali-
bration, which conforms to the mean
response of a representative sam-
pling of rectifiers, allows full ad-
vantage to be taken of the inherent
accuracy, sensitivity and stability of
the circuit.

For simplicity of operation as well
as reliability, it is highly advanta-
geous to hold the number of meas-
urement ranges and their associatad
calibration scales to the practical
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Fig. 4: Conventional linear mefer has compressed high ohms scale

minimum. This has been accom-
plished quite effectively by exploita-
tion of the possibilities offered by a
specially developed microammeter
having an unusual nonlinear re-
sponse. It will be seen from Fig. 2
that the middle dial scale, which is
directly proportional to the response
of the indicating meter to direct
current, is essentially linear for the
first 10 pa, and approaches a log-
arithmic distribution thereafter from
10 to 50 pa. Thus, a scale with es-
sentially constant accuracy of read-
ability over most of its length has
been obtained. By establishing the
lowest range for the dc¢ voltmeter at
100 mv and increasing each of the
five steps respectively by a factor of
10, a simple scale with a single set
of numerals is sufficient to achieve
the usual order of accuracy for
sensitive multimeters using linear
scales; that is, within =% 39, of full
scale values. This has been achieved
without the usual overlapping
ranges and multiple sets of scale
numerals with their attendant read-
ing difficulties, It is notable that
only five steps are required to
achieve the overall range from the
lowest calibrated value of 2mv, to
1000 volts, the full scale value of the
hishest range.

Similar Ranges

Very conveniently, the essentially
linear response of the ac voltmeter
circuit employed makes it possible
to establish ranges of the same
magnitude as those of the de volt-
meter provided that the previously
mentioned minimum full scale value
of thrze wvolts is not overlooked.
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POCKET-SIZE MULTIMETER (Continued)

#R9 AND RIO ARE APPROXI-
MATE VALUES

==~ — -

Hence, the ranges of 0 to 10, 0 to 100
and 0 to 1000 volts ac were obviously
established. It is now apparent that
all voltage indications, save those of
ac below three volts can be read on
a single calibrated scale by means of
a single set of numerals, There is
little likelihood of confusion between
the 0 to 10 scale and the 0 to 3 scale
because of the distinctive color cor-
relation feature employed in mark-
ing both the scales on the meter
dial and the markings on the control
panel, and also because of the obvi-
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Fig. 5; Simple design of multimeier requires only 21 accurate fixed resistors

ous direct relationship of the 30
division scale to the 0 to 3 volt ac
range and of the 0 to 10 scale to all
other voltage measurement ranges.

As for the dc resistance measur-
ing circuit, a conventional adapta-
tion of the series type ohmmeter has
been designed. A five step arrange-
ment provides overall measurement
capabilities from one ohm to 20
megohms. It is interesting to note
the advantages in the scale distribu-
tion which are gained from the non-
linear response of the indicating

meter employed by comparison of
Fig. 3 with Fig. 4, the former being
the meter under discussion and the
latter a conventional linear meter
employed in an equivalent ohm-
meter circuit. The usually congested
left hand portion of the scale has
been relieved considerably. Simul-
taneously, compression of the nor-
mally more than adequate right
hand portion has taken place. Bat-
tery voltages of 1.5 and 225 serve
respectively for the lower three and
(Continued on page 146)

Fig. &: (I} Interior view shows rotor disussembled from printed swifch stator. Fig. 7: (r] Rear interior view shows batteries installed in place
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¢Z- 0.2765)

Fig. 1: Finding the reflection coefficient

Fig. 2: Finding Z, given Z,, 0, I

Fig. 3: Finding Y given Y, Z , and {

Smith Chart Applications

Use of Smith Charis enable quick calculation of impedance rela-
tions in fransmission lines, waveguides and other circuitry at VHF
and UHF. Examples and explanations for typical problems given

By JOSEPH MARKIN
Project Engineer
Raytheon Television and Radio Corp.
7475 North Rogers Ave.
Chicago 26, Il

HE Smith chart has become a
Tuseful tool in quick calcula-
tion of impedance relations in trans-
mission lines, waveguides and other
circuitry at VHE and UHF. It also
aids immensely in visualizing and
analyzing circuit behavior at these
frequencies.

PERTINENT TRANSMISSION LINE BEHAVIOR
(ASSUMING NO L05S]

1. Impedances repeat every half
wavelength.

2. At a voltage maximum the line
input impedance %, — o%, and is re-
sistive, ¢ being the standing wave
ratio and #, the line characteristic
impedance. Conversely, when %, —
0?4, and is resistive, the voltage is a
maximum.

3. At a wvoltage minimum,
Z,—%,/o and is resistive. Con-
versely, when Z, —%,/0 and is re-
sistive, the voltage is a minimum.

42 -2 Zir, - ]:%0 tan 9

%, + jZ;, tan 9
where Z; — load impedance. &, —
input impedance and 9 — angular
distance from load to input point,

LOCATING PCINTS on CHART

1. All values are normalized or
expressed per unit of characteristic
impedance. Thus a load impedance
of 30 + j20 chms on a 50 ohm line is
expressed as 0.6 - j0.4 before being

located on the chart.

Admittances similarly are divided
by their characteristic conductance.
The characteristic conductance is the
reciprocal of the characteristic im-
pedance. As an example, a load ad-
mittance of 0.015 — j0.025 on a 30
ohm line is expressed as (0.015 —
j0.025) / (1/50) — 0.75 — j1.25 for
purposes of the chart.

2. Resistance o1 conductance co-
ordinates are located on circles
tangent to the bottom of the chart.
The largest circles have the smallest
resistance coordinates. The r, —1
circle passes through the center of
the chart.

3. Reactance or susceptance co-
ordinates are located on circles that
pass through the bottom of the
chart, The largest reactance values
are the smallest circles. Positive
values are on the right hand side,
negative on the left. The X, — O
circle is the main vertical axis and
is also called the axis of reals.

4. The two outermost scales are
called the wavelength or ¢ scales.
Values taken on them correspond to
the distance in wavelengths between
two points on a line, The scale to be
used depends on which impedance is
known. If, for example, the load im-
pedance is known and the line
length is given, to find the input
impedance one may think of moving
away from the load or toward the
generator, whereupon the outer-
most scale, “WAVELENGTHS TO-
WARD GENERATOR” should be
used.

TELE-TECH & ELECTRONIC INDUSTRIES ¢ May 1953

www americanradiohistorv com

FINDING MAGNITUDE and ANGLE
OF REFLECTION COEFFICIENT, T’

Locate a point on the chart. Now
draw a radius from the chart center
to the point and extend the radius
until it intersects the scale called
“ANGLE OF REFLECTION CO-
EFFICIENT IN DEGREES.” The
distance from the chart center to
the point is the absolute value of
I' where the radius of the r, =0
circle is considered unity. The angle
of the reflection coefficient is read
directly off the reflection coefficient
scale.

EXAMPLE 1: (See Fig. 1.) An
impedance of 30 - j20 ohms on a
50 ohm line, when entered as 0.6 +
j0.4 on the chart has a radius, r,,
or 1 in. as against a radius of 2 1574
in. for the r, =0 circle, |T
-—1_—: 0.3405, The reflection co-
2 1%
efficient angle is read as 120.3°.

FINDING INPUT IMPEDANCE, GIVEN LOAD
IMPEDANCE, LINE LENGTH and
CHARACTERISTIC IMPEDANCE

1. Liocate Z,;, (point #1) on the
chart.

2. Draw a circle whose center is
the chart center and whose radius,
M,, is determined by the distance
from the chart center to point #1.
This circle, called the I circle, is the
locus of all per unit input impe-
dance values of Z; as O increases.
Careful consideration of this ecircle
will show that.

a. It is generated in a clockwise
rotation because 7, is closer
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SMITH CHART

to the generator as 0 in-
creases,

b. It must cross the axis of reals
twice, once above the chart
center, when r, <Z 1 and once
underneath the chart center,
when, r, > 1.

c. Its values repeat every half
wavelength.

3. Draw a ray frem the chart
center through point #1 and con-
tinue it until intersecting the outer-
most “Wave Lengths Toward Gen.”
scale.

4. Read 2, the wavelength angle
on this scale.

5. Find ¢, = ¢, -}- § on the outer-
most scale, where § is the line length
expressed in fractions of a wave-
length.

6. Draw a new ray from the chart
center to ¢,.

7. The intersection of this ray with
the I' circle will determine Z
(point 2). Read Z ..

8. Z, =7, Z,

9. After some practice it will be
seen that it is not necessary to draw
the complete T circle in each case or
each complete ray.

10. a) The significance of the T
circle intersection with the axis of
reals lies in the fact that here the
input impedance has no reactive
component and is therefore a pure
resistance.

b) If this pure resistance works
out to less than Z, which will be the
case when the intersection is with
the upper axis of reals, the voltage,
at that point in the line will be at a
minimum. The per unit input im-
pedance value at this point,

Z.e __ 1

Y min — 7z -

0 P

¢) An intersection with the lower

axis of reals indicates a voltage

maximum. The per units value
p%o

T max — 7z -

Thus it is seen that for a given
load and line impedance the stand-
ing wave ratio may be read directly
by noting the value of the point at
which the I circle intersects the
lower axis of reals.

EXAMPLE 2: (See Fig. 2) A 50
ohm line, 70° long is terminated in
30 - j20 ohms. Find the input im-
pedance.

5, = 0082, on the “WAVE

LENGTHS TOWARD GENERA-

TOR” scale. A length of 70° con-

verts to 79550 = 0.1945A

py—, - 62=0.082-}-0.1945=0.2765
Z,;, — 1.88 - j0.49

Z, — &, Z;p, — 50 (1.88 - j0.49)

— 94— j245
o— 204
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(Continued)

A reverse procedure will give Z;
where g, Z, and 9 are known.

Similar procedure is used in find-
ing Yg, given Y, 0 and Z,.

Where %, and Zg are both speci-
fiad it should either be possible to
find unique values of @ and Z, that
satisfy these conditions or show
that there is no possible solution.
However, to the author’s knowl-
edge, there is no such graphical solu-
tion although an analytical solution
is simple enough.

EXAMPLE 3: (See Fig. 3.) A 30
ohm line 220° long is terminated in
an admittance of 0.015 - j0.025
mhos. Find the input admittance.

yi, — 0.75 — j1.25

» — 0.3413) 0.3413
6 — 220° = 220/360 0.611
— 06111 T 00523
6, — o, +6=10342-+ 05
0611 — 0.953% 04523

The scale repeats every 0.5\ so
9, may be taken as 0.953 — 0.5 =
(0.453A.

yis — 0.27 — j0.286

Y. — (54 — i5.7)10° mhos

o —4

Lines terminated in an open or
short circuit are handled by the
same procedure, the open circuit
being considered a load impedance
of o ohms or zero mhos, the short
being considered as 0 ohms or oo
mhos. In either case the radius of the
I' circle is that of the r, — 0 circle,
which is the largest T circle on
the chart. The standing wave ratio,
o= 0.

EXAMPLE 4: (See Fig. 4.) A 50
ohm line 24° long is open circuited.
Find the input impedance.

Zi, — w/fy= =

5 — 0.25)

0 —24° —=0.167x

$, == ¢ -}- 6 = 0250167 =
0.417x

Zg — 0 — j0.575

Zs — Zig %, = (0 — j0.575) 30 =
~j28.75 ohms.

EXAMPLE 5: (See Fig. 4.) A 300
ohm shorted line is to have an input
susceptance of -}-3.012 mhos. How
long should the line be?

v, = /G, = w0 (300) —w

$; — .25A

Y. —0-+i.012

Vie=Ys/G, =Y Z, = (0
3.012) (300) =0 -}-j3.6

o, = .2065X

The wavelength distance, 6, from
¢;, to ¢, is from 0251 to 0.5% (0X)
and thence to 0.2065%, a total of
0.43655.

Fig. 4: Finding Z, for open or shorfed line

FINDING Z,, GIVEN %,, DISTANCE to a
VOLTAGE MINIMUM and STANDING
WAVE RATIO:

It is often most convenient to de-
termine the load impedance using
values easily found on a slotted line,
such as the standing wave ratio and
the distance to a voltage minimum.

A typical setup has the UHF
signal generator feeding into an at-
tenuator (6 to 10 DB) for proper
termination of the  generator,
(usually 50 ohms). A slotted line
and the load impedance follow the
generator.

1. With %, in place note p and a
convenient E min.

2. Now short out %, and note the
new minimum voltage position, E
min, choosing that which is closest
to E min.

3. a) The o of step (1) gives us
the radius of the I circle. Locate the

—
0
ﬂ & - leg7cm
L
l Zo =50 rrrrr(YL=O.OI5
5 -J 0.025
=5.34Ccm

Fig. é: Singie stub impedance match {Fig. 7}

point at which this I' circle inter-
sects the upper axis of reals. We
now have located z,; the per unit
impedance at the voltage minimum.

b) E’ min is due to a short at the
end of the line. Since impedances
repeat every A/2, wherever there is
an E' min may be considered the end
of the line for purposes of calcula-
tion.

c) If E' min is on the load side
move counterclockwise the distance
0 = E min — E min. If E' min is on
the generator side move clockwise.

d) z,;, is that point on the I circle
which is 6 wavelengths from the
upper axis of reals.

TELE-TECH & ELECTRONIC INDUSTRIES ¢ May 1953
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Auxlliary Gircle

Auxiliary 5
Gircle 7 -

ord X

Fig. 5: Z; when given Z , p, distance to E ;.

4. As a general check on the above
calculations:

a) If B min moves away from the
load, %, is partly inductive,

b) If B min moves toward the
load, Z;, is partly capacitive.

¢) The higher p is, the greater is
the divergence of R from Z#,.

d) If E" min does not move, Z is
resistive and < Z,.

e) If E' min moves 1/4, Z; is re-
sistive and >#,.

EXAMPLE 6: (See Fig. 5) An
unknown impedance, Z;, placed at
the end of a 50 ohm slotted line
(whose cm. scale zero is on the
generator side) causes a voltage
minimum at 6.27 em. and a p of 3.7.
When the impedance is shorted,
voltage minima occur at 7.96 and
15.96 cm. Find 7.

A/2—=1596 — 7.96 = 8.0 cm
A — 16 cm

E" min has shifted towards the
load. Therefore %, should have a
capacitive component.

5 796 — 627 1.69

o 16 16

O should move counterclockwise,
toward the load, so #, = .1057 on the
scale marked “WAVE LENGTHS
TOWARD LOAD.”

z,;, = 0.415 — j0.685

Zy, ==z, Z, =50 (0.415 — j0.685)
— 2075 — §34.25

— 0 I57A,

QUARTER WAVE TRANSFORMER. CONVER-
SION from IMPEDANCE to ADMITTANCE
and REVERSE:

For 6 =A/4, 2, =Z,*/Z;. Where
Z, and %, are both resistive or one
is the conjugate of the other, a

properly chosen Z, can transform
Z’L HltO %S'

Going further, if Y, = 1/%; and
and Yo —_— 1/%0,
Y, 1 Z
Y,  Y,%Z, T Z,

4

Fig. 7: Single stub impedance match (Fig. 6}

7 7

But, fer 6§ = €0°, Z; = Z:u
Y Z

SO Y(I)’: ZU or ylL f— le.

If Z , can be thought of not as the
per unit value of input impedance
for a A/4 transformer but as the per
unit value of lead admittance then
we can use the chart to change from
an impedance to an admittance and
vice versa. The choice of Y, or Z, is
not important as long as each re-
mains fixed and the inverse of the
other through one problem.

EXAMPLE T7: Given Z; =29 —
193, find Y.

Let Z, — 100 ohms and 6 — 90°.

z,;, = 0.29 — j0.53

Vi = 0.79 - j1.42

Vir
Y, =Y.y, = %—‘
= (7.9 + j14.2) 1073 mho

SINGLE STUB IMPEDANCE MATCH

In example 3 which concerns the
finding of the input admittance the
1" circle that is drawn must not only
intersect the top and bottom of the
axis of seals but also the g, =1
circle, once on the positive and once
on the negative side. If 6-is taken
to the g, —1 intersection and a
parallel matching stub is connected
at this point such that it will have
a susceptance equal in amplitude
and opposite in sign to that of the
line itself, all that remains is a per
unit conductance of 1, which will
cause Y, to equal Y, But a line
terminated in its characteristic con-
ductance (or impedance) is flat (and
has max. pow. transfer). Thus from
the matching stub back to the gene-
erator there should be no voltage
minima or maxima. Mechanically, the
slotted line feeds to a T joint from
which come the matching stub (a
shorted telescoping coaxial line) and
the line stretcher (another telescop-

TELE-TECH & ELECTROMIC INDUSTRIES * May 1953
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Fig. 9: Double stub impedance match {Fig. 8}

ing line) placed in series with the
load. By adjusting the length of the
line stretcher the stub is placed at
the correct point so that a proper ad-
justment of the stub length will give
minimum standing wave ratio.

EXAMPLE 8: (See Figs. 6 and 7.)
A 50 ohm line 220° long is ter-
minated in an admittance of 0.015 —
70.025 mho. Find the length and posi-
tion of a shorted stub which, when
placed as close to the load as pos-
sible, will cause the line to be flat
or nonresonant, from the stub back
to the generator.

¥, = 0.75 — j1.25 (point 1)

Moving clockwise from y;, in-
tersection with the g, =1 circle is
at 1-1-j1.5 or at 1 — j1.5. Of the two
1-}-j1.5 is closer to the load and is
therefore chosen as the point at

B,=0.093 A 95 20.474 2
Zo =50 ,rfrr[Yl.
©3:0.125 & 6 =0.3413 A

Fig. 8: Double stub impedance match (Fig. 2}

which the stub is to be placed.

9, at 1 -+ j1.51s 0.176 so 6 = (0.5 —
0.342) -1 0.176 — 0.334X

The shorted stub must have an in~
put susceptance of —jl1.5.

Using the procedure of example
5, ¢, =025 and ¢, is found to be
0.3435A.

0’ — 0.3435 — 0.25 — 0.0935A.

If the wave length is 16 em., 6 —
(0.334) (16) —=5.34 cm and 6 —
(.0935) (16) — 1.497 em.

If the stub length and position and
the line characteristic impedance
were given it should be possible to
find Yy, or Z;. This will be left as an

(Continued on page 116)
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COMMUNICATION set out of

commission means a grounded
combat aircraft until the radio set is
repaired and made serviceable.
Sometimes a complete radio equip-
ment exchange 1is possible but,
sooner or later, defective radio sets
must be repaired, since spare radio
sets are far too costly to buy in
great quantities, and such expedi-
ents are not necessary when front
line maintenance is as simplified as
it can be even for the most compli-
cated eguipments.

In the past five years, the com-
plexity of military airborne radio
communications equipments has in-
creased by leaps and bounds. It has
been the result of many factors such
as: the use of synthesizers for ob-
taining frequency control (crystal
saving circuitry) to eliminate the
necessity for the tremendous stock-
pile of plug-in quartz crystal units
which was necessary during the last
war; greater equipment automaticity
brought about by the necessity for
direct pilot or co-pilot operation,
particularly on medium and high
frequency equipments formerly op-
erated by a trained radio operator;
automatic antenna tuning and load-
ing over many frequency octaves;
inclusion of the UHF band in mili-
tary communications with attendant
complicated antenna-radio set cou-
pling circuitry; higher frequency
stability for more effective use of
the radio frequency spectrum; added
functions which eliminate the neces«
sity for carrying other separate
equipments.

Small Uniis Piscarded

Subminiaturization, exemplified in
many of the equipments, has added
somewhat to complexity during
manufacture, but this is offset by the
fact that, in maintenance operations,
it has led to the possibility of dis-
carding small units instead of re-
pairing them. Also, such expedients
as printed wiring have simplified the

Fig. 2: Typical test recepia

Maintenance Problems in

Fig. 1: Typical hermetically sealed amplifier stage

Vastly increased complexity of modern designs have

made sectionalization and subminiaturization of equip-

ment mandatory. Maintenance, in turn, has become more

difficult but plug-in throw-away units aid. Achieving goal

of 2000-hour completely reliable operation may make

discarding of entire equipment economically feasible

By GEORGE H. SCHEER, JR., Chief, Equipment Branch
Communication & Navigation Laboratory
Wright Air Development Cenier
Dayton, Ohio

manufacturing aspects somewhat.
The added complexity in newer
equipments has been the outgrowth
of advances in the state of the art
which permit doing more things bet-
ter, and changing military require-
ments and, while it is a recognized
drawback, the penalty is accepted to
obtain the facilities and performance

www americanradiohistorv com

Fig. 3: Test meter plugged in test receptacle

now possible and available. Efforts
have been made with secme success,
to reduce complexity, but the fact
remains that little more can be done
since airborne radio communications
sets now in use not only must ac-
tually “remember,” but must “think”
as well. Efforts to further reduce
complexity as the demands on the
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New Airborne Radio Equipment

equipments grow, in general have
reached the point of diminishing re-
turns.

The real problems are those which
are introduced by complexity, that
is, maintenance and repair of the
equipments. 3Since even engineers
have some difficulty in “debugging”
the radio sets they design, the plight
of the technician who maintains the
equipment in the field becomes an
acute problem. The logical attack is
to give the repairman the necessary
means for quickly analyzing and lo-
cating the faulty subassembly, and
spare subassemblies for quick and
easy substitution.

Civilian vs Military Problems

If the military services procured
equipments manufactured using the
usual techniques employed by com-
mercial concerns in building tele-
vision or broadcast receivers, we
should end up in a hopeless mess of
wires and components to any but
highly-trained personnel. This is no
reflection on the industry because
civilian and military problems bear
no resemblance to each other. The
military services do not have the
counterpart of the radio and tele-
vision serviceman and his shop at
the front line. Equipments must be
completely sectionalized and each
section must be of the plug-in type
for easy removal and replacement.
Such subassemblies are small enough
to handle easily, even in the largest
of equipments. Some of the portions
of a subassembly or the subassem-
bly itself, if it is small enough, may
be discarded rather than repaired.
This idea of “throwaway” units is a
relatively new concept in the mili-
tary services, but is gaining ground
as subminiaturization provides more
and more small, hermetically-sealed,

fo main frame

minor subassemblies and parts. Such
parts are exemplified by intermedi-
ate frequency amplifier stages (Fig.
1) which are solder sealed and in-
clude glass insulated terminals.

Sectionalization in itsell does not
aid in fault finding, but does help in
the return of the complete equip-
ment to service after the fault is lo-
cated. In order to localize a faulty
subassembly, a test receptacle is
mounted on every subassembly, ac-
cessible when the radio set is com-
pletely assembled (Fig. 2). Some
complex subassemblies may require
more than one receptacle. To identi-
fy one recentacle from another, they
may be color coded. An external,
portable multimeter, simple and in-
expensive, is utilized on a “go—no
g0” basis (Fig. 3). A selector switch
permits sampling the currents and
voltages of all critical circuits and
the meter readings are compared
with limits printed in the upper lid
of the multimeter. No training is re-
quired for this operation. The sub-
assembly exhibiting out-of-limits
readings is the defective subassem-
bly. Thus isolated, it only is removed
and replaced by another, similar
unit. The remainder of the radio set
is left undisturbed.

Adjustment Unnecessary

In most advanced equipments, no
adjustment is required when a sub-
assembly is replaced by a similar
one. To further simplify the manual
labor involved, subassemblies are
fastened to the main frame with from
two to not more than four captive
screws. The few radio f{requency
connections are made by means of
small, easily manipulated connec-
tors. There are no leads to unsolder
and, generally, no gears to align or

7 Fig. 5: Use of test

shafts to position, in removing a
faulty subassembly and replacing it
with a good one.

If a questionable subassembly is
to be investigated further, a patch
cord, with similar male and female
connectors, may be used to connect
the unit to the plug receptacle in the
main chassis where the subassembly
is located normally (Fig. 4). With
the unit patched into the radio set,
the entire equipment may be op-
erated in the normal manner, While
so connected, the “go—no go” meter
may be used, or other test equip-
ment may be employed (Fig. 5). The
foregoing procedure normally takes
place at an echelon of maintenance
hicher than the first level, about
which we are most concerned.

Costs und Time

The choice of repair or discard de-
pends almost entirely upon the costs
involved and, of course, the repair
time required is converted into dol-
lars. If the cost of repair is about as
much or more than the cost of a
minor subassembly or small unit, it
is discarded. If not, it is sent to
higher echelon maintenance for re-
pair where adequate facilities and
trained personnel are available. With
the reliability of ruggedized, sub-
miniature tubes reportedly ap-
proaching that of such circuit ele-
ments as resistors and capacitors, it
is economically feasible to include a
complete stage, vacuum tube and all,
in a solder-sealed assembly (Fig.1).
When transistors are in common us-
age, this type of construction will
become very commonplace.

In those cases where a complete
equipment must be pressurized or at
least maintain near sea-level pres-

(Continued on page 148)
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ES for BROADCASTERS

Practical ways of improving station operation and efficiency

All-Electronic
Becacon Flasher

LOUIS N. SELTZER, Chief Engi-
neer, WCOJ, Coatesville, Pa,

E use an out-of-the-ordinary

method for flashing our tower
beacon which, in our opinion, 1s tar
superior to available mechanical
techniques.

We had been continually bothered
by having to readjust our mechanical
flasher unit. Also, we found that the
mercury switch in our unit failed
quite frequently and required re-
placement,

We built a small electronic unit
consisting of a power supply, an ad-
justable multivibrator, and an ampli-
fier stage. The unit is constructed
on a small standard-size chassis
mounted on the wall of the trans-
mitter house so that the controls and
on-off switch are accessible.

CAA specifications call for a range
of 20 to 40 flashes per minute, with
the “on” time twice the “off” time.
Two potentiometers in the multivi-
brator circuit help to fulfill this re-
quirement. The multivibrator puts
out an adjustable rectangular wave
one side of which is twice the other.
It is easy to set the “multi” any-
where between 20 and 40 flashes per
minute, The desired rectangular
wave feeds the amplifier stage which
keys a sensitive relay in its plate
circuit. We use a single #14 line and
ground to the tower, to key a heavy-
duty Adlake sealed mercury re-
lay originally designed for heavy-
duty sign-flashing service, which we

Multivisrator controls

flasher on tower. In case of
failure beacen remains alight until circuit is restored

$$$ FOR YOUR IDEAS

Readers are invited to contribuie their
own suggestions which should be short
and include photographs or rough
sketches. Typewritten, double-spaced
text is requested. Our usual rates will
be paid for material used.

have found far superior to anything
else available. (It is Adams and
Westlake's code 4601, Part #100001
—net $14.00—available from Elkhart,
Indiana.) We removed the “innards”
from our mechanical unit at the
tower and installed the Adlake relay
in the weather-proof box.

The circuit is designed so that the
beacon will be on continuously
should either relay stop operating.
Vacuum tubes rather than thyra-
trons were used in its design because
of their availability, and we started
with the premise that we would use
only common parts which could be
found at the transmitter. This unit
has now been in operation for two
yvears without a single failure,

Taped Tones

ANSON CLARK, Chief
Engineer, KNBY, Newport, Ark.

HIS station and another in the

vicinity are owned by the same
person. Equipment is shuttled be-
tween the two stations when needed.
Consequently we are sometimes
caught without an audio oscillator.
We, therefore, recorded 30 minutes

of tone on a tape. 10 minutes of 400
cycle, 10 minutes of 600 cycle, and
10 minutes of 1000 cycle. When it
becomes necessary to check some of
the monitor equipment we can play
back the tones through the console
from the Magnecorders used at the
station.

Four-Channel Mixer Amplifier

HAROLD SCHAAF, Chief Engineer,
WRFD, Worthington, Ohio
E were faced with the problem
of quickly providing a low cost
four-channel mixer-amplifier for use
in a local church. We had in stock a
UTC HP122 shielded power trans-
former, some shielded surplus input
and output transformers, a case from
a discarded wire recorder and of
course capacitors and resistors.
Since attenuators are expensive,
regular potentiometers were used as
channel and master gain controls.
Allen Bradley Type AB pots were
used in the mixer channels and op-
erated quietly. An amplifier that
would have sufficient gain to over-
come the loss of the mixer section
and still provide up to plus 8 VU
without excessive noise was needed.
The tube lineup settled upon was a
1620 feeding a 6SJ7 which in turn
feeds a parallel connected 6SNT7.
The amplifier section and the
power supply were built at opposite
sides of the case, care being used in
orienting both the power transform-
er and the input transformer for
minimum hum pickup. Shielded fila-
ment wiring was also used.
We use 50 ohm microphones; how-

Low cost four input mixer amplifier uses low-level mixing and
features low noise level threugh careful layout and shielding
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ever different input impedances can
be provided by changing the values
of the input potentiometers and re-
sistors.

Interaction between channels is
not noticeable, Since this was a rush
job we were unable to make noise
and distortion measurements. How-
ever, the unit has been operating for
some time and compares quite favor-
ably with other remotes using com-
mercially built mixer amplifiers.
Cost was approximately $55.00 for
parts plus the labor.

Locating Gas Leaks

in Couxial Lines

G. W. LEE, 565 Duplex Ave.
Toronto, Ont., Canada

HE growth of microwave and

television communications using
nitrogen filled coaxial transmission
lines has created a necessity for an
accurate method of locating gas
leaks in this type of line, In the past,
the method of detecting leaks was to
cover all areas likely to leak with a
solution of soapy water. A soap bub-
ble formed by the escaping gas in-
dicated the leak which could then
be repaired. This method is unsat-
isfactory for the following reasons:

(1) The rate of gas escape is often
so slow that the soap solution dries
up before a bubble large enough to
be observed can be found.

(2) The area suspected of leaking
must be exceptionally free from
grease and dust, otherwise the soap
solution will not form a film over it.
This necessitates a laborious clean-
ing process.

{(3) Leaks are often situated in
areas that cannot be observed.

The author has found the above
method described slow, unreliable
and costly.

The following method was evolved
and has since been used successfully
on broadcast, television and mi-
crowave installations;

(1) After the transmission line is
installed, connect a bottle of freon
gas and fill line to about 15 PSI with
freon.

(2) Play a low flame from a
Prestolite torch over the line. Pay
particular attention to all mechanical
joints and fittings. If any freon is
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Preamplifier provides increased gain for use with reluctance type pickups and standard studio consele

escaping and comes in contact with
the flame, a characteristic green
flame will result. Thus, the leak
may be recognized and corrected.

(3) Gas leaks in Nitrogen-filled
capacitors may be detected as well
as in the transmission line. It is first
necessary to purge the capacitor of
nitrogen, then fill with freon to about
15 PSI, and detect by the above
method,

(Editor’s mote: the presence of
copper in a flame will also produce
a green flame since coaxial cables
are made of copper. Do not be mis-

led.)

More T.T. Preamp Gain
ALLEN BELL, Chief Engineer,
WCLI, Corning, N. Y.

HEN we wished to change

over to reluctance type pickups
for recorders and microgrooves we
found that the triode connected 6J7
preamps in our Raytheon console
did not have sufficient gain for the
low level output of these pickups
after egualization. It was desired to
alter the original console wiring as
little as possible. Turret type adapt-
ors were built using an octal plug
to fit the 6J7 preamp socket in the
console, Approximately 1% in,
above the octal plug a nine-pin
socket was supported by #14 leads
soldered to the plug. The 12AY7
tube used had more than sufficient
gain in spite of the inverse feedback
used and the plate voltage had to be
reduced below the original by con-
necting a 47K 1 watt resistor from
the B plus to the unused #6 pin of
the octal socket. B plus was picked
up from the high side of the original

Gos leaks in coaxial cable located by use of Freon “filler” and Prestolite forch
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100K plate load resistor in the con-
sole. That resistor was not removed,
thus the only change made to the
console was soldering in a resistor
at each TT preamp socket,

Parts for the modification run
about $4.50, the major item being
the 12AY7 tube. Frequency response
is limited only by the conscle input
and output transformers T6, T7, T15
and T16 which are broadcast quality
UTC units. As a routine check on
the emission of the 12AY7’s without
removing them, the B plus drop can
be measured at pin #6 of the con-
sole sockets during maintenance.
Nine-pin sockets used were sup-
plied with shields. All vesistors %
watt unless marked.

Order Circuit
SAM DUDAS, Staff Engineer,
WBRD, Ft. Lauderdale, Fla.
HIS circuit will be of use to the
busy control-room engineer
when the announcer wants to give

OTHER CUES ™\

——— CUE

™| amp ;ﬂq
’—J GUE
SPEAKER

POTENTIOMETER

PgM
AMP

Pqm
MIKE Sw

z MIKE
MIKE PRE
AMP.

A\
GOMMON

Order circuit for use with cue circuit

instructions to him and will save him
motions and time. It is normally
used for turntables, to cue up rec-
ords, and is invaluable when in-
corporated in the studio control
board.

Ciean Tapes for Recording

GILBERT HANZLICEK, KVGBE,
Great Bend, Kan.

ERE is an easy way to assure

clean tapes when recording. In-
sert a de erase head (discarded
brush) ahead of the ac head as used
on the Magnecorder. Used programs
may be erased on ‘rewind” by

{(Continued on page 114)
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High-Powered Microwave Dummy

Units for standard military waveguide sizes cover 2600 to 12,400 MC range. Use

wedges in waveguide walls gives constant power loss per length; enables uniform

By TORE N. ANDERSON,
Chief Engineer,
Airtron Inc., Linden, N. J.

TABLE 1|
Metallic Metallic Desired Dissipative
Freq. Waveguide Skin Depth Attenuation Dissipative Wall Skin Depth
MC Size, in. in. db/in. Att. db/in. in. (Approx.)
3000 2.840 x 1.340 7.5x10-5 0.0066 1.0 0.0112
5000 1.872 x 0.872 5.1 x10-5 0.013 1.5 0.0056
7000 1.372 x 0.622 4.3x10-5 0.027 1.9 0.0047
8500 1.722 x 0.497 3.5x10-5 0.027 2.1 0.0027
11000 0.900 x 0.400 3.2x10-5 0.038 3.0 0.0023
N modern waveguide gsystems, breakdown equivalent to that of

there has been a need for high
powered dry loads which would
allow the absorption of the high
peak and average powers which are
presently being employed in modern
radar sets. For indoor testing of
radar transmitters and for a num-
ber of other practical applications,
it is necessary to be able to absorb
the power emitted from the radar
transmitter during test and opera-
tion.

This paper describes the develop-
ment of a series of waveguide dum-
my loads which have a peak power
rating equal to that of rigid wave-
guide as a result of their inherent
design, and an average power far
in excess of that heretofore achieved
in standard dry type microwave
dummy loads without auxiliary
cooling means.

As a design objective to insure a
component part which would not
become rapidly obsolete, an initial
goal of a minimum peak power

Fig. 2: Smith chart plot of dummy load hav-
ing 40-60 mix as a function of frequency

rigid waveguide was established.
Thus, a definite safety factor is al-
lowed since, in any practical radar
system or high powered transmitter,
the power limiting device is general-
ly something in the system less
than that of the rigid waveguide,
duplexers, rotary joints, transitions,
etc., which prohibit developing the
full peak power rating of the rigid
guide.

Airerait Tesis

Since, in a number of these test
positions especially when systems
are located in aircraft, aboard ship,
etc., it is very inconvenient to pro-
vide forced air cooling or liguid cool-
ing, it was desired that these dum-~
my loads be capable of being oper-
ated without any additional auxiliary
cooling equipment and still carry
average powers which are repre-
sentative of the most high powered
systems in use today.

Fig. 3: Smith chort plot of dummy loud hav-
ing 50-50 mix as a function of frequency
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Fig. 7: Return loss (dh) versus VSWR

In the microwave region, the
most straightforward and perhaps
the most satisfactory method of
making a waveguide high power
termination is to use waveguide
walls which are poor conductors
instead of using attenuating materi-
al which fills the waveguide. Such
a construction facilitates more ef-
fective removal of the heat generated
in the loads, provides conditions for
maximum power breakdown since
the smallest dimensions can be
made equal to that of rigid guide
and provides a junction which is
essentially reflectionless.

The junction of two waveguide
sections will give rise to a mismatch
given by the familiar expressior:

Zl blﬁa Jﬂie

T Zo_baﬁl “0 €l

o)
23.0

X ee— M

Vi- ()

where:

asb, are dimensions of standard
waveguide,

oot} .0l

a;b; are dimensions of dummy
load section

u is dielectric permeability
e is dielectric permittivity
vy = VSWR

for small discontinuities less than
v=1.20 then approximately

__bya,
bya,

v
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Loads

of tapered metallic

overdall heating

In a dissipative wall section the
skin depth in the lossy wall sections
will determine the discontinuity and,
in general, be the biggest contribu-
tion to any mismatch.

Thermal Limitations

The length of a dummy load for a
particular waveguide size is dictated
in large measure by the amount of
power dissipation which the unit
is to handle without excessive over-
heating. For practical considerations,
the maximum external temperatures
for conventional style dummy load
dissipative wall materials is 450° F.
Thus, for a dummy load in the 3 x
1% waveguide size designed for
2000 watts average power, the maxi-
mum length is fixed by the finned
area for suitable heat dissipation
and results in a dummy load which
is approximately 30 in. long for a
starting point design, To provide a

Fig. 5: High power CW magnetron test set for 3 x 114, waveguide systems

retically a VSWR of 1.05. Since the
two way attenuation will be con-
siderably higher than this, the actual
VSWR  should be considerably
lower; but in practice, will not
generally be obtainable due to var-
iations in the mix material, dimen-
sional tolerances and by the fact

that the mismatch above in eg. 1
is only approximate for lossy wall
structions.

With the total attenuation es-
tablished, the actual attenuation
constant at the entrance section of
the dummy load must be considered.
Since the finned area is to dissipate

satisfactory attenuating termination,
the attenuation of the dummy load

must be designed for 30 db one way TABLE 1
total loss. Although somevyhat less Freq. Pos. of Min.
loss could be tolerated since any Sample MC #1 #2 Diff. VSWR Pos. of Min.
reflections from the peak of the load . 2600  15.40  25.01 9.61 1.195 21.91
would be doubly attenuated, it has 50-50% 2700 13.73 22.43 8.70 1.145 19.51
been found from practical experience Mix, 3200 14.93 21.10 6.17 1.03 18.06
that the 30 db design value is a more By Weight 3950 14.28 18.75 4.47 1.04 20.12
satisfactory starting point and will  pg. 2 2600  15.40  25.01  9.61 1.03 23,26
allow a reasonable mechanical 40-60% 2700 13.73 22.43 8.70 1.055 20.97
tolerance for the actual construction Mix. 3200 14.93 21.10 6.17 1.02 18.48
By Weight 3950 14.28 18.75 4.47 1.025 20.66

of the load. Fig. 1 gives the relation
between return loss (the ratio ex-
pressed in db between the reflected
and incident power) and the VSWR.
From this curve, a total attenua-
tion of 30 db would result in theo-

TABLE ff!

Low Power VSWR
VSWR (Limit 1.10)

Frequency Before High Power After High Power
Fig. 4: Temperature distribution along a
1%, x % dummy load compared to a typi- 2600 MC. 1.07 1.045
cal wuniform dissipotive wall dummy load 3200 MC. 1.05 1.055
3950 MC. 1.03 1.03
500 - .
F.\ rveionL bissieaTve waLL High Power Test (2000 Watts Average)
DUMMY LDAD
200 L ‘ [ | Incident Power RKeflected Power Refurn Temperature
5 Elapsed Time  Meter * Actual Meter ** Actual Loss at
wool_L_1® ] Minutes (MW) Watts (MW) Watts  (db) VSWR Point 13
) /’('A‘T“rk | AIRTRON weosE Tre 0 1.43 2000 0.014 0.14 41.5 1.017 290
T ) \?EL'LJ\‘ 15 1.43 2000 0.025 0.25 39.0 1.023 407
i£jzo0 \ — 30 1.43 2000 0.014 0.14 41.5 1.017 465
: 45 1.43 2000 0.014 0.14 41.5 1.017 495
L06 1 [ ] ; | 60 1.43 2000 0.018 0.18 40.5 1.020 512
’ 1y - ‘ ' 75 1.43 2000 0.023 0.23 39.4 1.021 500
HH AT 90 1.43 2000 0.023 0.23 39.4 1.021 515
oH=rft e —— 105 1.43 2000 0.023 0.23 39.4 1.021 515
"-H'L&q * Incident power is measured 63 db below power in main guide.
234567880 I 12 ** Reflected power is measured 40 db below power in main guide.
THERMOCOUPLE POSITION NOTE. 1. Interior of dummy load free of water and signs of deterioration.
‘HEAT TRANSFER CHARACTERISTICS OF THE|%X%DUMMY LOAD 2. Interior of isolating section of waveguide DRY.
TELE-TECH & ELECTRONIC INDUSTRIES ¢« May 1953 a3
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MICROWAVE DUMMY LOADS (Continued)
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Fig. 6: High power breakdown bleck diagram

the heating, a good design value is
to allow 10 db attenuation to occur
in the finned section. Thus, 909 of
the heat will be dissipative in this
section and reduce overall hot spots.
This means then, that for a “S” band
dummy load, the attenuation con-
stant at the entrance section should
be approximately 1 db per inch.
Table I gives an approximate evalu-

ation of the dissipative skin depth .

compared to normal skin depth for
aluminum waveguide components.

As a function of frequency, this
table has been extended to include
standard military waveguide sizes
and the approximate dimensions
chosen for the high power series of
dummy Iloads which have been
designed using these techniques.
From the skin depth, it is apparent
that the higher frequency dummy
load series shows a relatively non-
critical range of attenuation in order
to provide a good low VSWR since
even taking attnuation constant of
twice the required value from ther-
mal considerations will result in skin
depths which would not be especially
serious from a mismatch point of
view.

VSWR Critical

It is indicated that the VSWR for
dissipative wall dummy loads of
this type would be more critical in
the lower frequencies insofar as the
characteristics of the mix with high-
er attenuation constants are con-
cerned. The VSWR would become
appreciable due to the relatively
large skin depth. Table II shows the
results of too high an attenuation
constant for a 3 x 1% dummy load
as a function of frequency.

94

The two dummy load samples No.
1 and No. 2 described above were
made from a special high temper-
ature cement (Lumnite) and graph-
ite (Dixon No. 2) mixture, silicon
resin impregnated, and the ratic of
cement to graphite was varied as
shown in the table. Figs. 2 and 3
show Smith Chart Plots for samples
No. 1 and No. 2.

It can be seen from the Smith
Chart Plots that the sample with
the lower attenuation constant has
an admittance component which is
greater than unity and practically
pure resistance. It would indicate
that the approximate analysis for the
waveguide mismatch is essentially
correct. Decreasing the attenuation
constant of the mixture results in
a very satisfactory VSWR as can
be seen from Fig. 2.

Power Distribution

Once the attenuation constant has
been established by suitable ex-
perimentation and a mix material
arrived at, generally by purely
empirical means, the matter of dis-
tributing the power through the
finned section is of prime impor-
tance in a design of a satisfactory -
dummy load, since, as all four walls
are filled with the same dissipative
material, the attenuation constant
will be linear with length and will
result in excessive heating in the
first sections of the finned area. For
example, with 1 db/in. the first 3
db will be dissipated in the first
3 in. or 50% of the power, and
with a finned area of some 20 in.
long, only the first few fins will

(Continued on page 159)

Fig. 7: Dimensions and test characteristics of waveguide dummy loads
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Servomechanism Theory
led to AFC Circuit Design

A practical approach to the development of automatic

frequency confrol systems for TV piciure synchronization

By
. D. DOLAND
Research Div.
Philco Corp.
Tioga & € Sts.
Philadelphia
34, Pa.

The problem of automatic fre-
quency control (AFC) in TV has
always been an important considera-
tion. When dot systems and multi-
plex operation were being consid-
ered, the problem became even more
complicated. Although these two
systems have since given way to
others, they provided the stimulus
for the design of the AFC circuit
described herein.

Although the matter of noise is
important in AFC, the prime con-
siderations are the hold-in and the
pull-out ranges. If a small drift of
the local oscillator causes the AFC
circuit to lose control or to have a
static phase error so large as to
cause fold-over in the picture, the
circuit is wunacceptable. Moreover,
the AFC circuit must be able to pull
itself into synchronization when
stations are changed and when noise
or loss of signal causes the system
to fall out of synchronism.

A third consideration in the design
of an AFC circuit is its transient
response. At the time the vertical
information is sent, the horizontal
information is upset because (if for

Fig. 1: Steady-state frequency-phase re-
sponse relates serve output fo input phase

130
120 [\

e

) P e2p 3P ap 5P 6P 7P 8P OP
ANGULAR FREQUENCY ( RADIANS /SECOND )

no other reason) there is an extra
set of pulses between the pulses of
desired information. With some of
the original AFC circuits used in
commercial black-and-white TV,
this resulted in the appearance of an
undesirable hook at the top of the
picture. When the dot system was
used, the transient response could
be observed by looking at the dots
on the retrace line. Thus, a poor
transient response in an AFC circuit
is undesirable because it distorts the
picture and reduces the performance
in the presence of noise.

In addition to satisfying the above
conditions of hold-in range, pull-in
range, and transient response, the
AFC circuit must be capable of
working in the presence of a reason-
able amount of noise. To achieve this,
an adequate and effective sync sepa-
rator is required which will prevent
excessive amounts of noise from
reaching the AFC circuit. Consid-
ered in the light of dot and multi-
plex systems, as well as of present
requirements, the horizontal AFC
must be free from video, dot, and
vertical sync information and as free
as possible from noise. If video in-
formation enters the sync circuit,
the picture may lose synchronism
on picture peaks; with smaller
amounts of video, the horizontal
oscillator phase may change with the
picture content, thus distorting the
picture. Dot information entering the
sync circuit may cause the picture
to lose the dot interlace and result
in a two-to-one loss in resolution.
As mentioned before, vertical infor-
mation entering the sync circuit will
cause a hook at the top of the picture.

Although the purpose of an AFC
circuit is to permit operation in the
presence of noise and with a tempo-
rary loss of syne, a poorly desighed
sync separator may pass an exces-
sive amount of noise which could
cause a complete lack of sync infor-
mation for unduly long periods. One
of the aims in the design of a sync
separator is to maintain some synec
information at all times and not to
let noise spikes block any stage.

TELE-TECH & ELECTRONIC INDUSTRIES * May 1953
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Fig. 2: Square of steady-state frequency
response determines the effect of noise

After an adequate sync separator
has been designed, there are still
other points to be considered before
designing the AFC circuit. For maxi-
mum pull-in and hold-in range and
minimum static phase error, the lo-
cal oscillator should operate as
closely as possible to the transmitter
frequency; this requires a balanced
phase detector. It will also require
that the sync information be pre-
sented to the phase detector at the
correct time. The time delay and
frequency response of the sync sepa-
rator must be considered to make
sure the sync pulses do appear at
the correct time,

Cirenit Anwlysis

The AFC circuit performs as a
servomechanism and can be ana-
lyzed as such. The phase detector
is the error-measuring device. The
filter represents the characteristics
of the regulator. The phase of the
oscillator is the regulated wvariable,
The oscillator is the regulated system
and must be considered in the servo
loop. The sync information is the
unregulated variable, reference, or
input.

From servomechanism theory, the
error response may be found from
the following formula:

u = v/(1 + fgh) (1)

where
u is the error response,
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AFC CIRCUIT DESIGN  (Continued)
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Fig. 3: Steady-state error response indi-
cates error between sync and oscillater

is the variation of the input,
represents the phase-detector
characteristics,
g represents the filter charac-
teristics,
h represents the oscillator char-
acteristics, and
{gh represents the characteristics
of the complete open-circuit
servo loop.
Likewise, the over-all response of
the system, r, can be written as
follows:

r = fgh v/(1 - fgh) (2)

The derivation of Eq. (2) for the
AFC system will be discussed later
in this paper.

<

Phase Detector

~ The phase detector will produce
“either a voltage or a current which
is proportional to the phase error in
microseconds. For this paper, it will
be assumed that the output is a
voltage. Also associated with the
phase detector is a time constant,
which will be considered here as a
part of the filter. The filter will be
a four-terminal network having a
transfer function. The time con-
stants of this filter will be considered
large enough to smooth out the
sync pulses and cause the circuit
to act as if it were supplied with
continuous information. For the re-
quired range of operation, the fre-
quency change of the oscillator will
be proportional to the voltage from
the filter. The variable used is phase,
and therefore its rate of change in
microseconds per second will be
proportional to the “voltage output
from the filter, These three charac-
teristics can be represented by the
following equations:

Ei:k1($i —@n) (3)
E,=Z\E, (4)
do,/dt = k.E, (5)

where
E, is the voltage into the filter,

26

NORMALIZEO TIME - (Pt - UNIT@)

Fig. 4: Unit step phase response curve

E, is the voltage out of the filter,
¢, is the phase change of the in-
put,
¢, is the phase change of the
controlled oscillator,
Z, is the transfer function of the
filter,
k, is the proportionality or sensi-
tivity constant of the detector,
is the proportionality or sensi-
tivity constant of the oscillator.
These three equations.may easily
be solved for ¢,, or fgh may be de-
termined and substituted for the
response. Further analysis will re-
quire Laplace transforms; therefore,
the equations will be written in that
form. To be complete,

k

2

fgh = Ik k.7, (1/5) (6)
and
_ klkz(zt/s) ,
R R N D R
where
s is the Laplace transform op-
erator.

Since k;, and k, are constants, the
real problem is to find the filter
which gives the desired response.
At first, one might think there are
an infinite number of filters which
would fulfill this requirement. How-
ever, for practical purposes, there
are only a few types of filters which
need be considered.

Determinaiion of Filter Type

The type of servo system required
can be determined directly from the
theory of servomechanisms and
from the requirements of the system.
The fact that there is a (1/s) factor
in fgh makes it a Type I, or zero-
position-error, servo. This means
that there will be no static phase
error for a step-of-phase change in
the phase of the sync information if
the uncontrolled frequency of the
oscillator and the incoming sync are
the same.

Actually, the type of servo re-

quired by the system is a Type II,
or zero-velocity-error, servo so that
the oscillator may tend to change
frequency and still have no phase
error. This may be achieved by
using a (1/s) factor in the filter or
may be approximated by using a
1/(s -+ A) factor in the filter and
a very large gain. Because a (1/s)
factor is difficult to obtain, the ap-
proximation is used.

This, however, is not the only
factor to be considered in determin-
ing the filter. Unless compensating
sections are used, the servo will be
greatly under-damped. One type of
compensating section which might
be used contains a single pole
and single zero and has the form
(s +2z)/(s -+ A).

Instead of going directly to a
servo system having the final form,
several filters which will lead to the
same end results will be considered.
The first will have a single pole, the
second two poles and no zeros, and
the third two poles and a single
zero, which is the required form.
The poles and zeros at infinity are
not counted.

The first filter will have the form

Z, = k,A/(s + A) (8)

where
k, is the dc gain of the filter and
A is the pole location,

For convenience,

K = kkk,. (9)
Substituting in Eq. (7) and simplify-
ing,

KA
s(s - A) F KA "

For critical damping, the poles of
the servo loop will be located at

¢y = (10)
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Fig. 5: Linenr phase transient response

the same point. The location of the
poles can be found by factoring the
denominator of Eq. (10) or by solv-
ing its characteristic equation; that
is,

s?+ As+ KA =0, (11)
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Eq. (11) is then solved by the quad-
ratic formula and the radical is set
to zero. For critical damping,

4K — A, (12)

A similar derivation has been de-
scribed by T. S. George.l

There is a direct relationship be-
tween the bandwidth and the gain of
the servo loop. Increasing the gain
will cause the servo loop to be
under-damped unless the band-
width is also increased.

For direct current, the gain of
the filter is k,. Therefore, the static
phase error can be found by solving
Eqg. (3), (4), and (5) to obtain (13)
at dc,

do,/dt = K(p, — ¢,). (13)

This equation holds regardless of
the type of filter. By setting the maxi-
mum static phase error with a par-
ticular uncorrected frequency error
in the local oscillator, the minimum
value of K can be calculated from
Eq. (13). The required bandwidth
may then be calculated from Eq.
(12). Numerical computation will
show at once that the value of A is
so large for a small static phase
error that the filter is worthless in
the presence of noise, or that the

r
=z
o

f=]

PHASE { MICROSECORDS )
'
z
5

z
°

o | 2 3 4 5 3 7 8 9
NORMALIZED TIME - (PL~ uNITS )

Fig. 6: Serve response to spike input

static phase error is so large for a
small bandwidth that the circuit is
worthless if any oscillator drift is
present. Thus it is seen that this
first type of filter does not approxi-
mate a zero-velocity-error system.
Although the gain can be increased
and the servo loop operated in an
under-damped condition, this meth-
od of operation is not recommended
because transients will set up oscil-
lations that last for unduly long
periods.

The second filter, the one having
only two poles, will have the form

Z. =k ,AB/(s+ A)(s+B). (14)
Then,

o KAB
* 7 5(s+A) (sIB) [ KAB

With RC filters, it is not possible
to find wvalues for the filter which

2 (1)

locate the three poles of the servo
loop at the same point. However,
two poles of the closed loop may be
placed at one point, even with fil-
ters having both poles at one point
or at widely separated points, if the
proper gain is used. If one pole of
the filter is moved toward infinity,
the single pole of the servo also
moves toward infinity, and the cir-
cuit operates as a servo having a
filter with a single pole. The fre-
quency response of the two-pole fil-
ter is nearly like that of the single-
pole filter, but a major difference
exists between the two filter types.
A system with only one pole in the
filter cannot oscillate, regardless of
the gain. With a two-pole filter, the
servo will oscillate when the numer-
ical value for the gain is greater

R
OUTRUT

Fig. 7: Filter network with large R;

than the sum of the poles of the
filter.

The single-pole filter is not satis-
factory because of the limitation on
gain for a particular bandwidth of
the closed servo loop. The two-pole
filter has the same limitation with a
tendency toward oscillation if the
gain is too high. The tendency to-
ward oscillation increases as the
number of poles i1s increased be-
cause of the additional phase shift
of the filter.

The third filter to be considered,
the one having two poles and one
zero, will have the form

k, AB (s +z)

2= LG5 TA) (4B

(16)

and

_ (HAB 2)(s ' 2) =, )
T T (AL Byst -t AR Kox)s - KAB

4
k4

With the proper choice of compo-
nents for the filter, the servo may be
designed so that the three poles
will all lie at the same point. The
denominator of Eg. (17) will be a
perfect cube, and, by equating the
coefficiznts of s with the coefficients
of a perfect cube, the required rela-
tionships can be determined. The re-
sulting equations are as follows:

3P =A+B, (18)

3P*= AB(1+K/z), and (19)

P? =KAB (20)
where

P is the triple pole of the servo.
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Since the gain is to be very large,
K/z is very large and Eq. (19} can
be approximated by Eq. (21),

3Pz = AB(K /7). (21)

Eq. (20) is substituted for KAB in
Eq. (21) to obtain

3z =P. (22)

The values of A, B, and z for any
K and P can be determined from

| -V =
I FREQ CONT.

Fig. 8: Phase detector is nonlinear device

Eq. (18), (20), and (22). This means
that the gain of the servo loop can
be chosen to obtain the desired
static phase error and then the loca-
tion of the triple pole chosen to get
the proper filtering action to elimi-
nate noise. Satisfactory operation
can be had with this type of filter,
and more complicated types need
not be considered.

The resulting equation for the
servo may be written as follows:

_ (3P (s | P/3)
=y e ()

The steady-state output or fre-
quency response can be found by
replacing s with jw, rationalizing,
and also taking the ratio of output
to input.

_ P2(9w? - PE)%
R= ey (24

where
R is the steady-state frequency
response and
w is the frequency in radians per
second.

Steady-Sigie Response

A portion of the curve is shown
in Fig. 1, The steady-state frequency
response relates the output of the
servo to a continuous sine-wave
variation of phase of the input sig-
nal. This curve is useful if there is a
low-frequency modulation of the
phase of the synchronizing informa-
tion.

A more useful curve is the square
of the steady-state frequency re-
sponse shown in Fig. 2. This curve
is used in determining the effect of
noise by comparison on a power
basis. The area under the curve in-

(Continued on page 149)
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IV Station Planning

Technical and equipment considerations involved in establishing any cne of four
different sized television stations having ‘‘combined’’ studio-transmitter operations
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Fig. 1: Detailed panel layout showing the controls, meters and pushbuttons pro-
vided by the four basic console sections. Additional studio camera control and
film camera control sections are added as plans and progrumming scope increase

By L. E. ANDERSON & W. O. HADLOCK
Engineeriiig Producis Dept., RCA Victor Div., Radio Corp. of America, Camden, N.J.

PART ONE
of TWO PARTS

AND-in-hand  with  station

building design and construc-
tion goes the proper selection and
layout of technical equipment to sat-
isfy contemplated programming re-
quirements. Programming require-
ments however vary widely and
range from simple to complex. As a
solution to this situation four gen-
eral equipment plans were selected
to represent well-equipped TV sta-
tions for four specific categories of
operation.

The need for building and com-
panion equipment plans that may
grow logically at minimum cost was
considered essential in selecting the
following equipment groupings:

STATION TRANSMITTER PROGRAM
GROUP POWER SOURCES
Y AT TTU-1B, 1-KW UHF Film, Slides
TT-2AL/AH, 2-KW VHF and network
TT-500, 500 watt
* “'A- TTU-1B, 1-KW UHF Same as above,
Prime’’ TT-2AL/AH, 2-KW VHF plus “Single-
Camera’™ Live
Studio
& (g TTU-10B, 10-KW UHF Same as above,
TT-10AL/AH, 10-KW VHF  but ““2-Cam-
era’ Live
Studio
*gn TTU-10B, 10-KW UHF Same as above,
TT-25 BL/BH, 25-KW VHF with “2-
TT-50 AL/AH, 50-KW, VHF Studio™ Live
ant Remote
o8

Plan “A)” “A-Prime” and “B” are
versatile and permit expansion of
both the building and equipment at
minimum cost. Plan “C” repre-
sents a larger type of operation and
is not a direct outgrowth of any of
the other plans. Although individual
station requirements, budget appro-
priations, and scope of operations
are seldom alike—the four plans are
considered adequate to satisfy a
majority of cases. The four distinct
groupings of equipment or classes of
operation range frem Plan “A” (a
film and network station only) to
Plan “C” (a fairly large *“two-
studio” station with remote facili-
ties). TV stations with more com-
plex arrangements of program
sources than Plan “C” will fall into
the “custom” planning category re-
quiring special consideration and
investigation.

Mandatory objectives

In arriving at these four TV sta-
tion equipment layouts, consulting
authorities established the following
objectives as mandatory: (a) Build-

* Transmitters of lower power are equally applicable
to these plons.

% Tronsmitters of higher power are equally applicable
where space permils.

ing plans that would minimize TV
planning errors. (b) Provide pro-
spective operator with practical
plans and information to develop
adequate facilities during early
stages of operation; (c) Provide
plans that permit suitable expansion
with a minimum of obsclesence.

It will be noted from the floor
plans that wherever economically
feasible, some space allowance has
been made for incorperating trans-
mitters of several different power
ratings. Plans “A,)” “A-Prime,” and
“B"” employ transmitters of 500-watts
VHF, 1-KW UHF, and 10-KW VHF
or UHF.

Couserving Floor Space

It is assumed that sideband filters
or diplexers can be ceiling-mounted
to conserve floor space, and that the
engineer’s desk can be conveniently
moved to general office areas to
provide space for accommodating
10~-KW transmitters. When employ-
ing the 10-KW VHF transmitter,
aural and visual plate transformers
are floor-mounted behind the trans-
mitter, as are the plate transformer
and regulator for the 10-KW UHF
Transmitter.

Since the scales used and result-
ant room sizes are only approxi-
mate, the planner should be cau-
tioned to consider carefully both his
present and future space needs and
balance this with his planned ex-
penditure. For example, Flan “B”
would not be suitable for accommo-
dating a 25-KW or 50-KW Trans-
mitter, unless associated rectifier,
control and power equipment could
be located on a basement floor or
elsewhere. It is suggested that the
planner compare proposed doorway
sizes with individual components to
assure entrance of such items as
transmitter cubicles and Filter-
plexers.

Plans “A,” “A-Prime” and “B” are
all based on modest, “combination”
transmitter /master control facilities
and include only the associated con-
sole and rack equipment to suit this
type of operation. Where separate
transmitter supervisory consoles or
additional racks are contemplated,
greater space should he provided. In
general, the provision of a little ex-
tra space will be more than repaid
by the ease with which later ex-
pansion can be made.

TELE-TECH & ELECTRONIC INDUSTRIES ¢ May 1953
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Plan “C” accommodates a 25-EKW
or 50-KW Transmitter and a Super-
visory Console. Since this is a mas-
ter control point, space for multiple
rack equipment is also provided.

General Considerations

All TV installations, large or
small, are alike in many respects.
The difference in size, for instance,
is mostly a matter of the number of
cameras and studios involved., The
single studio of a small station and
its associated control room may be
almost identical to one of the studios
and associated control rooms of a
larger station. Thus, the general ar-
rangements of the equipment for
the control room may alsc be quite
similar, Moreover, the equipment
for all stations is made up from the
same basic units. And finally, the
basic control system used in all of
them performs the same functions.

However, this article would be
incomplete if it failed to point out
that there are various deviations in
arrangement of studio and control
room facilities to suit special condi-
tions and personal tastes. For exam-
ple, it is not necessary that video
control operators be able to see into
the studio since their primary func-
tion is to maintain control of the
picture signals emanating from a
camera. It is more Important that
the program director be able to see
the production. It would be possible
to place a program director’s console
directly in front of the studio win-
dow, and locate the camera controls
at one side or even in a different
room. In some large stations, all of
the camera controls have been
placed in master control. This, of
course, centralizes all the opera-
tional equipment in one spot but
requires remote video relay switch-
ing and fading to be effective in sav~
ing personnel and avoiding many
long cable runs. The program direc-
tor also has control of switching
either directly or indirectly. The
audio operator should also be able
to see the studio action to be able
to ride gain properly.

On the other hand, for economic
reasons primarily, some stations may
require that the camera controls
must be located in front of the
studio window in order that the
program director in the back of the
control room, who is located on a
raised platform, may see both the
studio action and the associated
monitors at a glance. This arrange-
ment requires fewer monitors but
causes the view of the Program Di-
rector to be restricted by the pres-
ence of the Video Operator.

In smaller installations, all con-
trols may be located where a veiw

of the transmitter, projection room,
announce booth, and even a small
studio is possible. Such operating
conditions are satisfied by the “A”
and “A-Prime” plans.

The TV studio should bhe large
enough to provide for as many sets
as possible which may be successive
scenes in a play or advertising pro-
gram; while control rooms should
be made large enough to admit ad-
ditional equipment as the station
grows. As a matter of fact, the fioor
plan of “A” can serve as a basic

. building block for plans “A-Prime”

and “B.” At least one announce
booth is essential in any TV Station
layout. Such a booth is provided
with the necessary audio facilities
and a picture monitor. It enables a
commentator, for example, to see
the picture upon which he is com-
menting. If this announce hooth is to
serve also for station identification,
it is advisable to locate the booth
so that visual “cue” may be given
from the studio control console. It
may be desirable on some occasions
to point a camera at the announcer
through the announce booth win-
dow, and this possibility has been
taken into consideration in the plans
of “A-Prime,” “B,” and “C.” This
has been accomplished by existing
TV stations with varying degrees of
success. To overcome the problem
of reflections, some stations have
found that the use of inclined win-
dows contributed to improved per-
formance, while others use non-
reflective glass.

Basie Sitndio Equipment

TV Equipment units, in addition
to the familiar studio and film cam-
era, include video control consoles
which are made up of standard sec-
tions referred to as camera control
units. There is one of these control
units for each studio camera and one
for each film camera. Each unit con-
tains a picture monitor showing at
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Fig. 2: Plan A" technical focilities

all times the picture picked up by
the associated camera. It alse con-
tains an oscilloscope for “wave-
form” monitoring and the necessary
controls for adjusting brightness,
contrast and electrical focus. The
video operator uses these controls to
keep the several camera pictures in
optimum adjustment at all times.
Thus, the technical director, or
switching operator is free to concen-
trate on the action without being
concerned about the camera adjust-
ments,. :

In the layouts of plan “A” and
plan “A-Prime,” a single combina-

Fig. 3: Corresponding model layout phato of Plan “A” station of Fig. 2. In this photo a T-KW truns-
mitter is employed in central transmitter/video/auvdio contro! room
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Fig. 4: Closeup of Plan A" film projection room and transmiiter control room

tion Audio/Video console is located
in the transmitter room and pro-
vides all switching, camera control,
monitoring and previewing facili-
ties. Additional monitoring sections
and camera controls may be added
for future expansion. In plans “B”
and “C,” separate studio control
consoles are employed. However,

regardless of the location of individ-
ual sections, the output of each
studio or film camera is fed into one
of the input positions on the TS-10A
Video Switching and Fading Con-
sole. At this console position, the
video signals from the cameras are
mixed (or switched) in the same
manner as microphone and tran-

scription inputs are mixed at the
audio console. From the video
switching console, the picture signal
is fed either directly to the trans-
mitter line or to a master control
room together with signals from
other studios, network line, or out-
side points.

The audio equipment used in a
television station has several minor
differences compared to that used in
a standard broadcast station. One is
occasioned by the fact that micro-
phones are usually kept out of sight
and that performers must work
farther from them. This usually re-
quires more microphones or the use
of elaborate boom mounts.

Audio switching is normally
“tied-in” or interlocked with video
switching. However, provision can
be made to divorce the two func-
tions, if necessary. The TV audio
control operator, in addition to per-
forming his normal job of riding
gain, must maintain close following
of the overall program and gener-
ally keep step with video control.

The location and arrangement of
facilities for video switching varies
widely. In medium-sized stations
(Plan “B”), a simple but effec-
tive arrangement consists of adding
to the video console two additional
monitor sections. One of these acts

(Continued on page 120)

Fig. 5: Overall block system digram showing the arrangement of *‘Plan “A" technical equipment,
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WASHINGTON
Hews Letter

Latest Radio and Communications News Developments Summarized by TELE-TECH’s Washington Bureau

FCC TRANSITION—During the transition period
from the 20-year Democratic administration to the
Eisenhower administration, the FCC has been function-
ing in rather a “neutral” gear position as far as making
determinations and formulating policies in its spheres of
broadcasting and television and communications. The
installation of one new commissioner as a Republican
member, former Chairman John C. Doerfer of the Wis-
consin Public Service Cormmission, in the second week
in April helped somewhat in accelerating the FCC ac-
tivities, But until another Republican is named by Presi-
dent Eisenhower for the upcoming retirement of Okla-
homa Democrat Chairman Paul A. Walker whose term
expires at the end of June the Commission will not
operate at full effectiveness. Nomination of Commis-
sioner Walker’s successor might well come from the
President during May.

PRIVATE ENTERPRISE BACKER—New FCC
Commissioner Doerfer in his former Wisconsin commis-
sion chairmanship of the past six years has had his
experience solely in the regulation of utilities, including
the telephone companies, and motor bus and truck
transportation so that he has had no direct knowledge
in the work of supervising broadcasting and television
which constitutes around 80 percent of the FCC’s ac-
tivities. Commissioner Doerfer, however, has come 1o
the FCC with a very excellent record of integrity and
ability and is known to support completely private
enterprise and to have a fundamental belief in its
benefits to the nation. As chieftain of the Wisconsin
commission he gained a high reputation for his adminis-
trative capabilities and was instrumental in the reorgan-
ization of that commission’s staff—a situation which
gained his immediate attention when he was inducted
into the FCC. He is a lawyer and has six years experi-
ience in the accounting profession.

COLOR TV ROADBLOCK—Until the FCC has its
full complement of commissioners after the retirement
of Chairman Walker, the FCC approval of the future
public service color television system will not be forth-
coming and the final sanction will in all probability not
be made until late this summer at the earliest. While
the FCC through Chairman Walker defended its posi-
tion in the controversy, there was no question in the
views expressed at the recent House Interstate Com-
merce Committee hearings that a compatible all-elec-
tronic color television system will be one to be sanc-
tioned by the FCC. The Radio Corporation of America
with its position and exposition of its huge efforts in
this field expressed by RCA Laboratories Vice President
E. W. Engstrom and the report on the accomplishments
of the National Television Systems Committee by Gen-~
eral Electric Vice President W. R. G. Baker demon-
strated to the Congressional committee that the radio-

TELE-TECH & ELECTRONIC INDUSTRIES * May 1953

television industry is pushing ahead with sincere effort
to achieve a solution of color television.

DEFENSE STATUS—With intensified analysis of
the 1954 fiscal year budget of the Defense Department
aimed towards elimination of non-essential expenditures
being the major task of the three armed services there
will undoubtedly be a cutback in funds available for
radio-electronics procurement during the fiscal period
starting next July 1. But there is every indication that
the current fiscal year appropriation for research and
development in the electronics field of more than one
half billion dollars will be maintained and possibly in-
creased. Procurement contracts where radic-electronic
equipment has not been delivered over a two-year
period are most likely to be canceled with compensation
for the work already accomplished. In practically all
such cases the originally ordered equipment is now
regarded as obsolete. It is also most certain that there
will be a reduction in funds approved by Congress for
new procurement, but this reduction in the radio-elec-
tronics field will in all probability not be as large per-
centage-wise as in other spheres of military equipment.

MICROWAVE FUTURE—The future of microwave
radio operations, involving a new approach in the assign-
ment of microwave frequencies, was discussed by FCC
Safety & Special Radio Services Bureau Chief Edwin L.
White at the recent annual meeting of the Petroleum
Industry Electrical Association at Houston, Texas. He
explained a theory of geometrically “engineering in”
microwave systems which would greatly increase the
potential use of microwave bands.

UTILITIES RADIO—Like the petroleum industry,
the power and gas utilities of the nation are the two
most important segments in the mobile radic and micro-
wave flelds of operation. At the annual meeting of the
National Committee for Utilities Radio during mid-May
in New Orleans that organization is considering a ten-
point program on both a possible reorganization of the
committee’s structure and of the major operating prob-
lems. NCUR Chairman Jonh G. McKinley, electronics
manager for the West Penn Power System, had sched-
uled among the subjects for consideration at the meeting
the position of the power radio service in regard to the
use of 450 megacycle frequencies and study of the Bell
System’s broadband multiplex system proposed for this
band. The NCUR is expected to take a firm position on
the proposal of the FCC to establish a new policy gov-
erning the assignment of 72-76 mc frequencies to opera-
tional fixed stations on the ground that this band should
be retained for point-to-point communications.

ROLAND C. DAVIES
Washington, Editor

National Press Building
Washington, D, C.
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COUNTLESS PROBLEMS HAVE

BEEN SOLVED BY THE LARGE
VARIETY OF ADEQUATE
CINCH COMPONENTS

CONSULT CINCH

. . . for metal plastic assemblies. Cinch facilities include a com-
bination of metal stamping and plastic production. A highly
trained staff is available for any military or commercial re-
quirement.

The list below comprises the products of both Cinch and Howard B. Cinch cornponeni‘s:
Jones Division. They are indicative of their wide scope and also are oavailable at
indicate the myriad of variations and redesigning that are possible lea’ding ]abbers e
with this background of production experience, everywhere.

SOCKETS: Tube {Receiver, Transmitter end Special): Bottery,
all types « C-R Tube ¢ Crystal » Electrolytic » Glass Type: 4 to 7
prong laminated « Infra-red Rgy Tube = High Altitude Airborne Types
¢ Kinescope: Magnal, Duodecal, Diheptal + Loktal-Miniature-Multiplug-
Noval-Octal {Molded bakelite, steatite, teflon, Kel-F and laminated)
¢ Plexicon ¢ Printed Circuit « Special Sockets to Specs ¢ Sub-Minja-
ture: Heoring Aid Types » TV; 110Y Circuit Breakoway ¢ Vibrator «
Pencil Tube Transistor ¢ Diode

ANTENNA JACKS

BANANA PINS AND JACKS

BARRIER TERMINAL STRIPS MOUNTING DEVICES . .
Meetin requirements

FANNING STRIPS PHONO TIP JACKS g req

BATTERY PLUGS & SOCKETS as needed with sound

METAL STAMPINGS
MICRO-CONNECTORS

1

BINDING POSTS PRINTED CIRCUIT. CONNECTORS

SHIELDS, TUBE-MINIATURE &
NOVAL & BASES SOLDERING
LUGS—200 VARIATIONS

DIODE SOCKET
CONNECTORS, MULTI CONTACT
FUSE STRIPS, BLOCKS & BOARDS

2ngineering design, vol-
ume production, efficient
and prompt handling —

STRAP NUTS

TRANSISTOR SOCKET

HERMETICALLY SEALED TUBE TUBE HOLDERS—SPRING TYPE
SOCKETS VIBRATOR PLUGS AND SOCKETS

TERMINAL ASSEMBLIES: Blocks, boards in laminated and molded, as-
sembled with lugs, pins, screw terminals, contects, clips, turret lugs
and other hardware to specifications.

GRID CAPS
GRID CAP SHIELDS

these form the basis of
Cinch service to the elec-
tronics industry.

CincH MANUFACTURING CORPORATION
1026 South Homan Ave., Chicago 24, lllinois

Subsidiary of United-Carr Fostener Ceorporation, Cambridge, Mass.
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NARTB Equipment Displays

Previews of latest equipments to be shown at 7th Annual
Broadcast Engineering Conference, Los Angeles, Calif.

Coaxial Triode

The ML-5681 coaxial terminal triode, suit-
able for cavity circuitry, features an_inte-
sral anode water quick-change

connections. Designed for hlgh power broad-
casting applications, the tube makes avail-
able 35 kw on low-band TV, 50 kw on FM,
and 50 kw on AM.—Machlett Laboratories,
Springdale, Conn.—TELE-TECH & ELEC-
TRONIC INDUSTRIES

Synchronized Light

“The Light That Dances” is the name of a
decorative illuminating device for TV which
creates mobile light abstractions synchro-
nized with music or speech. Basic unit in
1953 system is concave mirror rotor (shown

e

at lefi) and tranmstonzed synchrometer in
4x3x2 in. aluminum box. 13952 model using
tubes is 9x6x5 in. Sounds cause synchrometer
to feed impulses fo reversible motors in
projector unit so that db changes control
mirror assemblies to project color images. TV
camera is focused on special 20x16 in. trans-
lucent screen or on standard rear-projection
screen up to 20x16 ff. Equipment is leased
and serviced on one year contract basis.—
Musicolor, Inc., 840 N, Michigan Ave., Chi-
cago 11, I1.--TELE- TECH & ELECTHONIC
INDUSTRIES

Mobile Power Plant

A mobile electric power unit, reported to
be the largest yet developed, is mounted in
a van-type trailer to provide emergency
power at any required location. The road-
borne power plant contains a 500-hp Diesel
engme drwm a 315-kw GE generator, a

106

Western Electric radio-telephone, and dual-
range meters to read 2400 or 4160 wvolts. 150
feet of cable permit unit to be hooked up in
parallel with existing sources to carry part of
lecad within 15 minutes after arrival. 32-ft.
trailer weighs 56,000 lbs. or less than 18,000
1bs./axle, which is within road load limits.—
Caterpillar Tractor Co., Peoria 8, Ill.—TELE-
TECH & ELECTRONIC INDUSTRIES

Dual Turret Slide Projector

Dual turret Telojector Model 3A projects
2x2 in. transparencies in uninterrupted se-
quence. The two easily substituted turrets
take up to 12 shdes at one loadmg Push-

S T 22 ; sh-

button control permits tripping of one slide
only at a time, each slide automatically
lapping to the hext. Projection alternates
between two 6-in. lenses, each providing a
4.5-in. wide image on a mosaic 36 in. from
slide. Infra-red filter provides optimnum con-
trast with iconoscope film camera. TUnit
weighs 35 lbs., measures 14.5x18.5x16 in., and
operates from 115 volts, 60 CPS.—Gray Re-
search and Development Co., Hilliard St.,
Manchester, Conn.—TELE-TECH & ELEC-
TRONIC INDUSTRIES

Tape Programming

Based on the model 450 tape player which
permits 8 hrs. of play from a single tape,
system would permit automatic broadcast of
day’s complete programs. If three players
are employed, one could have music and the
others announcements and station breaks. A
25-cycle tone at the conclusion of each musi-
cal selection stops the music machine and
starts the announcement. Station breaks on
third machine is controlled by clock mechan-
ism. Transcription services can produce 8-hr.
tapes economically with duplication system
which permits produetion of 1200 hours of
program material in one working day.-—
Ampex Electric Corp., Redwood City, Calif.
F}?I%%E_TECH & ELECTRONIC INDUS-

UHF-TV Stafion

Fully equipped TV broadcast station fea-
tures UHF equipment, including high-level
modulated transmitters, slotted pylon anten-
nas, as well as audio equipment and TV
cameras. Scale models illustrate station plan-
ning for stations of varying size. Also on dis-
play are new studio monitoring device called
Monitran, dual disc slide projector, minia-
ture vidicon camera, and special effects amp-
lifier with versatile wipe. Also 5-kw AM
transmitter and associated units.—Radio
Corp. of America, Camden, N, J.—TELE-
TECH & ELECTRONIC INDUSTRIES

TV Microwave Relay

Designed for point-to-point composite
video transmission in the 5925-6425 MC or
6875-7125 MC bands, the TLR-2A utilizes FM
and heterodyne remodulation for low dis-
tfortion. Modulated sideband output from re-
peater klystron mixer is 1 watt. R-F band-
width is 20 MC, and FM is used with a dec
mean carrier swing of 12 MC. First i-f cen-
tered at 75 MC has 20 MC bandwidth, second
i-f at 115 MC is also 20 MC wide. Video
band is flat +1 db from 60 CPS to 5 MC.
Peak-io-peak video levels across 75 ohms
are: Input, 1.0 to 2.5 v.; output, 1.0 to +25%,.
Stability of r-f oscillator determined by invar

i

Wuvelneler (,dVlT,y 1s petter than 0. U.d% Uver-
all i-f carrier-to-noise-ratio for average hop
is 45 db. Power consumption is 1 kw at 115
v., 60 CPS. Also on display are TLR-2B
portable TV microwave relay, CLR-6 radio
relay, CMT-4 multiplex equipment, and a
new TV film scanner.—Philco Corp., Phila-
delphia 34, Pa.—TELE-TECH & ELEC-
TRONIC INDUSTRIES

Portable Microwave
Relay for TV
A portable microwave relay for relaying

in-the-field TV pickups, the KTR-100, has a
25 m1 range Carrler is 8380- 7425 MC, i- f is

130 MC, and transmitter power output is .1
watt. R-F head mounted on parabola tripod
(top) weighs 43 lbs., may be removed in 10
sec. Weatherproof control unit (below)
weighs 43 lbs., measures 21x16xX9 in. Maxi-
mum frequency deviation is 9.6 MC peak-fo-
peak video plus 2.4 MC peak-to-peak sub-
carrier. Video input impedance is 40-170
ohms, and input level is 0.4 v. at 9.6 MC de-
viation. Video output impedance is 75 ohms,
level is 0.5 to 3 v. Audio channel distortion
in 1%, S/N is 55 db below swing +25 KC.
Telescopic sight for antenna alignment. 4-ft.
dish weighs only 22 lbs-—Raytheon Mfg. Co.,
138 River St., Waltham, Mass.—TELE-TECH
& ELECTRONIC INDUSTRIES

TV Camera Chains

An image orthicon camera chain with re-
mote control of all operations, plus a new
TV film chain mark the first showing on the
West Coast for both of these developments.
The full-sized image orthicon is mounted on
a special pan-and tilt pedestal. From a con-
trol box as much as 1000 ft. away, the cam-
era operator may pan through 280°, tilt
through 63°, switch to any one of four lenses,
adjust the focus and iris setting. The new
film chain camera will be combined with the

TELE-TECH & ELECTRONIC INDUSTRIES * May 1953
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Additienal Previews
of NARTB Equipment Displays
cre provided on page 112

GPL PA-100A 16 nun projector. Two sync
generators with change-over panel will be
mounted in standard rack for maximum
utility and saving of studio space as well as
field convenience.—General Precision Lab.,
Inc., Pleasantville, N. Y —_TELE-TECH &
ELECTRONIC INDUSTRIES

AM and FM Remole Conirol

A new remote control system for AM and
FM transmitters enables placing the {rans-
mitter under ideal conditions where real es- - B 1 e
tate eosts are low. No personnel are required i E=o Y - Il £
at the transmilter, only a small building to - ) N = W RYCR

e i

i

=

w1 s W ' e
house the equipment. Staff members released
tfrom the transmitler can he used more ef-
fectively at a convenient studio location. The
remote control systemn consists of a studio
unit and a transmitter unit connected by two
telephone lines. Up to nine meter readings
can be made and up to nine operations con-
trolled by simply dialing desired functions.
Adjustment is made remotely while simul-
taneously observing readings of appropriate
meter. Additionally, the unit can be used to
conirol a number of other activities at the
transmitter location. The system meets all
FCC requirements and was tested in AM and
FM broadcast stations for several years prior
to its intrcduction to the market. Rust In-
dustrial Co., Manchester, N. H—TELE-TECH
& ELECTRONIC INDUSTRIES

Transcription Table

Model 530 3-speed synchronous transcrip-
tion table has integrally built 3-speed direct
drive unit, any speed, 33-1/3, 45 or 78 rpm

b L .',+_,', 93 *«

»
i i e
i : w -

=

| e e
may be seiected at will by the flip of a switch
whether the table is running or still. This is
a direct gear drive transcription table syn-
chronoug at all three speeds. Synchronous op-
eration is important to radio stations to in-
sure transcribed programs ending on the
second exactly as planned. Synchronous op-
eration is impoirtant to the TV station for
synchronizing sound with motion picture ma-
terial. —Fairchild Kecording Equip. Corp.,
154th &t. and Powells Cove Blvd., Whitestone
57, N. Y.—TELE-TECH & ELECTRONIC IN-
DUSTRIES

TELE-TECH & ELECTRONIC INDUSTRIES ¢ May 1953 107
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1953 National Airborne Conference

Following the general pattern of
last year’s successful meeting, the
1953 National Conference on Air-
borne Electronics is being held in
Dayton, Ohio, May 11-13.

Sponsors are the Dayton Section
IRE and Professional Group on Air-
borne Electronics, Exhibits of mili-
tary and commercial equipment by
99 companies are being displayed at
the Biltmore Hotel.

A  wide selection of technical
papers, presented at the Biltmore
and the Dayton Engineers Club,
cover components, propagation, in-
struments, antennas, tubes, micro-
waves, production, servos, dielec-
trics, circuits, communications, com-
puters, transistors, and navigation.

Tape Recorder

The RT-11A broadcast tape recorder is be-
ing displayed along with the industrial TV
chain and 16 mm magnetic projector. Minia-
turized equipment and transistors illustrate
latest designs.—Radio Corp. of America,
Camden 2, N, J—TELE-TECH & ELEC-
TRONIC INDUSTRIES

Radar Beacon

Of particular interest to guided inissile
engineers, the new Model MP-2006 high
performance S-band superheterodyne radar
beacon is being exhibited. Melpar, Inc., 452
Swann Ave., Alexandria, Va.—TELE-TECH
& ELECTRONIC INDUSTRIES

Junction Transistors
and Rectifiers

Hermetically-sealed junction transmitter,
part of subminiature radio tfransmitter, is
submerged in boiling water to show efficient
operation under adverse temperature and
humidity conditions (1). Diffused junction
rectifier Type IN94 (r} handles 130 v. RMS
input, 380 v. peak inverse, 1.57 amp peak
forward, 500 ma dc output, at 50 KC. Also

on display are Types 1N91, 1N92 and 1N93.
—General Electric Co., Syracuse, N. Y —
TELE-TECH & ELECTRONIC INDUSTRIES

VHF Aircraft Transmitter

Covering the frequency range 118-135.95
MC, the Model 17TM VHF aircraft transmitter
provides 360 channels, phone transmission.
Power output is 50 watts, and the power
source is 27.5 v. dc. Frequency stability is

0.005% in ambient temperature -40° to 70°C.
Weight with shockmount is 43.4 lbs. Also
shown are the 5I1R-3 navigation receiver,
S51V-2 glide slope receiver, omni-range test
equipment, and the 6185-1 airline trans-
ceiver.—Collins  Radio Co., Cedar Rapids,
Iowa.—TELE-TECH & ELECTRONIC " IN-
DUSTRIES

Computer dnd Recorder

The analog simulator and computer,
ANSER, consists basically of four amplifier
chassis, each containing five operational
amplifiers, 10 coefficient potentiometiers and
a power supply (lop). Simplicity of design
brings about low cost and easy operation,
although it can handle simultaneous dif-
ferential equations up to the 12th order.
Amplifier gain is over 10,000; phase shift at
10 KC is about 1°; drift after 30-min. warm-
up is less than 5 mv/hr.; and input imped-

i

ance is 50,000 ohms or greater. Input power
requirements are 105-125 v., 60 CPS, 300
watts. Basic computer sells for under $2000.
Also being shown is the Model 502 magnetic
playback system, which is used in aircraft
vibration studies with the 501 tape recorder
(bottom) which records 14 channels on a
1.75-in.  tape.—Davies Labs., Inc., 4705
Queensbury Rd., Riverdale, Md.—TELE-
TECH & ELECTRONIC INDUSTRIES

TV and 3-D Featured at SMPTE Meet

The 73rd semi-annual convention of
the Society of Motion Picture and Tele-
vision Engineers is being held at the
Hotel Statler in Los Angeles, April 27
through May 1, 1953. Partly because of
the growing interest in three-dimen-
sional movies (see page 66 in this is-
sue), a record attendance is expected.
TV and stereophonic sound are also an
important focus of attention.

Lisied below is the technical program
for the five-day meeting.

Monday, April 27

Stereophonic Sound Session
Basic Principles of Stereophonic Sound

108

Recording, Dr. Harvey Fletcher, Brigham
Young University, Provo, Utah.

Demonstration of Stereophonic Sound,
Ross Snyder, Ampex Electric Corp. Red-
wood City, Calif.

Stereoscopic Motion Picture Session

Human YVisision and 3-D Motion Pictures,
R. A. Sherman, Bausch & Lomb Optical Co.,
Rochester, N. Y

Descriptions of current stereo production
techniques by Paramount Pictures Corp.,
Warner Bros. Pictures, M-G-M Studios and
RKO Radio Picfures. These talks will be il-
lustrated with demonstration film.

Tuesday, April 28

Television Session, CBS Television City
Increasing the Efficiencyof Television Sta-

tion Film Operations, R. A, Isberg, Consult-

ing Television Engineer, Palo Alto, Calif.
Low-Cost Versatile Kinerecording Camera,

John H. Battison, National Radio Institute,
Washingtion, D, C.

Description and Tour of the CBS Tele-
vision City Studios, Richard O’Brien and
Les Bowman, CBS Television, New York &
Hollywood.

Symposiuvm on Stereoscopic Motion
Pictures

A Slide Demonstration of Stereoscopic
Principles, Motion Picture Research Council,
Hollywood, Calif.

Stereoscopic Motion Pictures Committee
Report, John A. Norling, Committee Chair-
man

Stereo Camera Design Problems, John A.
gor}l{ing, Loucks and Norling Studios, New

or ]

Space Control and the Use of the Stereo
Window, Raymond J. Spottiswoode, Stereo

(Continued on page 128)
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o ¥ Quthodes all iens

2-777-] PICTURE TUBE

*with Internal Magnetic Focus

Saves parts, circuitry, labor in set manufacture!

Gives needle-sharp over-all image!

Permanently pre-focussed for best viewing!

COMPARE {(left) the bulky ports needed for o standard tube with (right) the clean simplicity of an 7-m-f tube ready to instali!

%:‘y R é., §

e

St S R i
e -
S

=

. e

. s

. The external ion-trap magnet on this standard tube, e Now, no hard-to-adjust external ion-trap magnet! No L

Lo is an extra cost item for the TV manufacturer and re- - focus coil, or external focus magnet, with cumbersome g

. quires special adjustment. The focus coil and compli- . bracket! Instead, an i-m-f tube calls for just two parts i

i cated mounting also mean extra cost. They take up space, when installed, both of them compact: (1) a close- b
add weight, consume assembly and adjustment time. fitting steel shunt band that is easily slipped on and §§

Get rid of all three parts with G. E’s new i-m-f tube! (2) a small centering device to position the picture.

R

e
-

SR e e

A

e i
; Flit e

N this 75th anniversary year, General Electric assuring clean, sharp picture definition over the

takes pride in announcing its 7-m-f picture tube entire TV screen area. Now 90°-sweep tubes can
as the latestina long series of significant G-E “firsts”.  have good detail across the whole face! You can ex-
To the many advantages given by internal, factory- pect production soon in 21" size. Other i-m-f types
adjusted ion-trap and focus magnets, can be added will be added rapidly. Television manufacturers
radically improved design in important tube details. and television designers will be sent full informa-
One example of this is the new, precision-made tion on request. Twbe Department, General Electric
metal ““lens” that greatly narrows the electron beam, Company, Schenectady 5, New York.

GENERAL ELECTRIC

162.1A2
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NEW EQUIPMENT i ouivre vt s

Damping Diode

A  miniature high wvoltage, half wave,
cathode type rectifier, contained in a mini-
ature T-6'2 envelope, Type 6V3, is being

LM
iy

LT

produced by the Radio Tube Division of
Sylvania Electric Products Inc., Emporium,
Pa. The unit has a coated unipotential
cathode connected to the top cap and is
designed for use as a damping diode in
TV receivers. When used within its maxi-
mum ratings in new equipment applica-
tions, the Type 6V3 is capable of with-
standing a peak inverse voltage of 6000 v.
and a steady state peak current of 600 ma.
Heater characteristics are: heater voltage,
6.3 v.; heater current, 1.75 amps. Ratings
(absolute max. values) are: peak Iinverse
voltage, 6000 v.; steady state peak current,
600 ma; heater-cathode wvoltage (heater
negative), 750 v.; peak heater - cathode
voltage, 6750 v.; de output current, 135 ma.
—Radio Tnbe Div., Sylvania Electric Prod-
ucts, Inc., Emporium, Pa.—TELE-TECH &
ELECTRONIC INDUSTRIES

Tuning Fork Resonator

The new Model J miniaturized 8 oz. tuning
fork resonator contained in a case only 1x
28x24 in. high is available in any frequency

from 400 to 2,000 cps. The instrument has an
accuracy rating of either 1 part in 10,000 or
1 part in 2,000 for operation from -40°C to
-+ 85°C. The unit is completely temperature-
compensated, solder-sealed, and evacuated.
Its silicone rubber internal and external
mountings provide excellent shock and vi-
bration isolation. The high effective work-
ing Q, approx. 10,000, assures_generat;lon
of accurate fixed audio frequencies.—Phila-
mon Laberatories Inec., 5717 Third Ave.,
Brooklyn 20, N. Y._TELE-TECH & ELEC-
TRONIC INDUSTRIES

Transformer Winder

An improved multiple transformer
winder, model 37-SA, with a positive stop-
ping magnetic clutch-brake and automatic
resetting counter eliminates coil rejection
by winding accurately to turns and stop-
ping automatically. Braking power Iis in-
creased or decreased by turning a dial.
Turng are added or taken off the coil by
a current-releasing switch. There are no
brushes or collector rings to wear out. The
equipment multiple-winds paper section,
power, audio, fluorescent ballast and types
of transformer coils; also, bobbin coils.
Coll sizes are up to 6 in. long and to 9
in. o.d. On rectangular coils there is a 4%5
in. clearance. A winding traverse up to 8
in. can be supplied on special order. Man-

110

drels up to 28 in. long can be used. Twelve
tensions with rack support wire gauges 18
to 42 and spools up to 6 in. in dia. Tension
for wire gauges 36 to 46 is available. Wind-
ing speeds up to 2000 r.p.m., Winding
ranges are from 10 to 500 turns/m. Wind-
ing length is determined by reversing mech-
anism. 1% HP. 115/230 v. 60 cps single
phase uniform tongue motor operates the
unit. Speed varies from 0-2000 r.p.m. Job
change-over takes 30 minutes. Wire size
change or spacing requires 5-10 minutes.
A turns/in. gear chart is furnished. Accur-
ate coil cutting is assured by manually op-
erated marking knives mounted on the
machine. Rigidity and permanent align-
ment is assured by a precision-ground,
heavy steel channel base. The roll paper
feed (illustrated) is available at slight ex-
tra cost. A tilting table for pre-cut paper
is supplied. A spiral attachment with &

in., '3 in. or ¥ in. spacing is available at
extra cost for space winding start and fin-
ish layers of high voltage coils. This at-
tachment speeds up coil tapping. The ma-
chine is shipped bench-mounted.—Geo. M.
Stevens Mfg. Co., Ine., Pulaski Rd. at
Peterson, Chicago 30, IIL.-—-TELE-TECH &
ELECTRONIC INDUSTRIES

Thrée-Way Crossover Network

A new three-way crossover network,
Model HS/CR/3, is designed of three-speaker
sound systems, and its purpose is to divide
and separate frequencies between the low
end (woofer), mid-range speaker, and high-
end (tweeter}. The network requires that
three loud speakers be similar in sensitivity
and that the middle speaker be 8 in, -~ 10 in.
dia.,, and the treble speaker 5 in.-8 in.
dia., or a small, horn-loaded pressure unit.
The crossover points are at 800 and 5,000 ¢ps;
and the network is of constant resistance,
half-section construction. Max. input is 30
w. Fitted with a volume control across the
high-end output terminals, the unit is able
to suit upper frequencies to the listeners’
individual tastes or to cope with scratch
from old records. It can be used as a two-
way crossover by ignoring the treble termi-
nal. As the box is wax-filled to keep out
moisture, it is suitable for tropical use. The
new three-way network unit is built in Eng-

<

Jand.—British Indusiries Corp., 164 Duane
St., New York 13, N, Y. TELE-TECH &
ELECTRONIC INDUSTRIES

Time Interval Mefer

The Model 5120 time interval meter pro-
vides a direct reading of elapsed time be-
tween any two events, in lusec increments,

to a max. of 1 seec. with an accuracy of
+1usec, -xtal drift. Any occurrence that
can be translated into changing voltages
may be so timed and timing may be
started and stopped by independent vol-
tages. The unit may Dbe started and stopped
by either positive or negative pulses by
means of polarity selecting toggle sw. At-
tenuators permit selection of amplitude of
start and stop wvoltages at optimum level
for elimination of interference. Power is
available from the “accessory socket” to
operate various transducers. The time that
digital reading is displayed can be con-
trolled either manually or automatically
up to a max. of 5 sec. The unit consists
of a megc xtal osc, input circuits, an elec-
tronic gate, and six Berkeley decimal
counting units. The first event or wvoltage
opens the electronic gate and passes the
1 megec time base signal to the first cas-
caded decimal counting unit. The second
event closes gate and the time interval
between the two is then displayed in deci-
mal form in inecrements of 1lusec. Inter-
polation is unnecessary as the total number
is read directly. Each digt of that number
is indicated by the illumination of a single
figure on each decimal counting unit.— .
Berkeley Scientific Div., Beckman Instrn-
ments, Inc.,, 2200 Wright Ave., Richmond,
Calif —TELE-TECH & ELECTRONIC IN-
DUSTRIES

Voltmefer

Model 940 vacuum tube voltmeter has a
frequency response of 25 to 100,000 cycles
at peak to peak or RMS voltages. Circuit

overload is prevented by high input re-
sistance of 16.5 megohms, ac voltage
ranges are 3, 15, 30, 150, 300, and 1,500 v.
dc voltage ranges are 3, 15, 30, 150, 300,
1,500 v. Resistance ranges are from 0-1,000,
10,000, 1 megohin, 10 megohms, 1,000 meg-
ohm. Included decibel ranges are from -24
to -1.5, -8, -15, 412 to 35 <4215 to
—+44.5, +32 to +55 db. Model 940 utilizes
a dual triode balanced bridge circuit, and
has a center position for diseriminator
alignment. The unit has a durable 4l% in.
350 miecroamp. D’Arsonoval type meter and
is housed in a round cornered bakelite
case that measures 514x673x2!5 in.—EHiott
Labs., 50-34 201 St., Bayside, L. I, N. Y.—
T'ELE-TECH & ELECTRONIC INDUSTRIES
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United Technical Laboratories, Mor-
ristown, N, J, has appointed two new
sales representatives for North and
South Carolina, Tennessee, Georgia,
Alabama, Mississippi and Florida. They
are John T. Butters, 4924 Oleander
Drive, Wilmington, N. C. and Harry A.
Cole, Box 8532, Jacksonville, Fla.

R. T. Bozak Co., Manhattan-Pacific
Bldg., Stamford, Conn, manufacturers
of loudspeakers, and Sound Workshop,
75 N, 11 St., Brooklyn, N. Y., producers
of packaged sound and radio systems,
have appointed Frederick I. Kantor as
exclusive representative in the metro-
politan New York-New Jersey area. Mr.
Kantor’s offices are located at 4010
Saxon Ave, New York 63, N. Y.

Robert Sargent and Paul Nichols of
Land-C-Air Sales Co. manufacturers
representatives, Tuckahoe, N, Y. have
increased their sales engineering staff
to six men by the addition of Lew For-
rest who will cover the state of New
Jersey.

Gerber Sales Co., manufacturers’ rep-
resentatives with headquarters in
Boston and a New Haven branch office,
announce another appointment to their
growing stafl, James Murray, in their
coverage of industrial and jobber ac-
counts in the New England area.

Biitan-Shafer Sales Co., New York,
national sales representatives for the
Short-O-Matic circuit breaker made by
Aldane Industries, have appointed the
following representatives: J. W. Lehner
Co., Columbus, Ohio, for Xentucky,
Ohio, West Virginia and western Penn-
sylvania; Henry W. Burwell Co., At-
lanta, Ga., for the Carolinas, Florida,
Georgia, Alabama, Mississippi and Ten-
nessee; Jack Jacobs, Brooklyn, N, Y,
for eastern Pennsylvania, southern New
Jersey, Delaware, Maryland and Wash-
ington, D. C,; Dick Hyde Co., Denver,
for Colorado, Montana, eastern Idaho,
Wyoming, western Nebraska, Utah,
Arizona and New Mexico.

SAFTLER RECEIVES AWARD

Perry Saftler, well known N.Y. Rep., recejving
gold waich for 20 years of service in personally
arronging Indusiry's yearly radie & TY special
train to Moy Parts Show in Chicago. (I to 1)
Special committee moking presentation include
M. Berns, H. Finkelsiein, {Saftler), and D. Wagman
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IF YOU WORK WITH ELECTRICAL
OR ELECTRONIC CIRCUITS...

WAS MADE
"TO HELP YOU

A color film with schematic animation :
and supporting narration... to help you z :
select connectors engineered to your re- CAM‘_'O,N, ,:nL léfsffo'_?j[ow graphic atd.
quirements and operating conditions. A —
Disconnect system? Number of con-
tacts? Voltage? Amperage? These and
other factors are covered in this helpful
film. In addition you’ll learn how the
printed Cannon Plug Guide (below)
leads you to the right connector for any
job. Request your free showing today.

CURRENT CAPACITY
and its relation to contact spacing.

ST

SPACING AND NUMBER
of contacts involves many factors.

since 1915

Main office and plant, Cannon Electric Company, Los
Angeles 31, California, Factories in Los Angeles, New

= o
CANNON

Haven, Toronto. Representatives in principal cities. ukkay

MODERN TALKING PICTURE SERVICE, INC. Dept. E-201
45 Rockefeller Piaza, New York 20, N. Y.

‘Gontact’’, a 30-minute, 16mm
Kodachrome sound picture,

costs you nothing except 2-way NAME
transportation charges. You
furnish sound projector. 24- FIRM

page printed Plug Guide will DATE TO BE SHOWN
be furnished for each person

viewing film. To avoid delay re- ALTERNATE DATES
quest your booking for the film ADDRESS
on coupon today.

CiTY ZONE__STATE
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Klystrons

The cascade type Eimac 3K20,000L Skw
clystrons for UHF-TV transmitters come in
a series of three that will cover the entire
}JHF TV spectrum from 470 to 890 MC as
ollows:

Type No. Frequency Range  UHF Channels
3K206,000LA 470-580 MC 14-32
3K206,000LF 580-720 MC 33-55
3K20,000LK 720-890 MC 56-83

The size, weight (45 Ibs.), and wversatility
of these practical klystrons minimize stock-
piling, mass production, and equipment de-
sign. Typically these units operate at a peak
sync power output of 515 kw with a power
gain of 20 to 25 db and collector dissipation

of 14 kw. All types have low-loss, externally
tuned ceramic cavities and metal-to-ceramic
seals, Cavities are readily cooled by a small
amount of forced air; the balance of the
tube is water-cooled —Eitel-McCullough,
Inc, Application Engineering Dept.,, San
Bruno, Calif. —TELE-TECH & ELECTRONIC
INDUSTRIES

Single Direction Service

Separate transmitters and receivers fo
provide maximum design flexibility for sig-
naling, dialing, slow speed telemetering, or
supervisory control are in production. Two
independent operations may be transmitted
in one direction by one dual transmitter unit
DTU-1 and one dual receiver unit DRU-1
over wire lines, telephone or power line
carrier and radio or microwave communica-
tions circuits. The equipment includes the
same basic features as the duplex signaling
unit, except that operations may be carried
on: in one direction only. Each unif has its
own power supply. The DTU-1 incorporates
a pair of transmitters, each consisting of a

stable tone generator and an amplifier de-
signed to bridge across a 600-ohm circuit,
mounted on a 3lz in. standard relay rack
panel. Harmonic distortion is negligible, fre-
quency stability is excellent, and a total of
36 frequency channels are available between
2000 and 6475 cycles. The DRU-1 incorpo-
rates a pair of receivers, each consisting of
two stages of amplification, a signal recti-
fier, relay tube and relay, and a sharply se-
lective band-pass filter unit, mounted on a
514 in. relay rack panel. Either a continuous
or a keyed tone can be used and the units
can be installed in multiple and with Ham-
marlund 2-way signaling units (DSU-2’s) as
installation requires.—Hammarlund Mfg.
Co., Inc., 460 W. 34 St., New York I, N, Y.
—TELE-TECH & ELECTRONIC INDUS-
TRIES

Variable Speaker Crossover

With the new type 214-X8 wvariable
speaker crossover, speaker ‘‘woofers” and
‘“‘tweeters” can operate under the best con-
ditions of speaker damping, relative out-
put balance, and without the undesirable
effects of L-C crossover networks. The
most important advantage is that speakers
can be connected directly to the amplifiers
with optimum damping and without inter-
position of resonant L-C networks. The
type 214-X8 is entirely resistive-capacitive,
hence, all effects of resonant under-damp-
ing are eliminated. This avoids L-C filter
effects that are critical to terminating im-
pedances from low source such as the out-
puts of the better amplifiers. The unit has
two controls; one provides continuous ad-

NARTB DISPLAYS

(Continued from page 107)

TV Film Scanner

Combined film, opaque and slide pickup
permits simple video switching from 18-mm
movie to 4 x 5 in. print. In operation, small
spot traces unmodulated raster of highlight
intensity, which is directed to mirror which
switches light to film or opaque pickup. For

film: Light passes through objective lens and
is subsequently rocused on film after pass-
ing through optical immobilizer which holds
raster stationary on each frame of passing
film. Light modulated by film falls on multi-
plier phototube, whose output is fed to
gamma correction amplifier which corrects
for optimum grey scale reproduction and
adds blanking. It provides video from iwo
identical signals, one for monitor, one for
program, For opague: When light from fly-
ing spot is switched by mirror to opaque, it
passes through a semi-mirror, 50% going to
opaque slide. Other 50% goes to another
opaque. Two multiplier tubes pick up each
opague, the output going to the gamma am-

112

plifier as with film. Alternate system pro-
vides lapping and fading bhetween two
opagues. Film scanner is now ready for
production.—Allen B. DuMont Labs., Inc.,
Clifton, N. J..-TELE-TECH & ELECTRONIC
INDUSTRIES

AM Transmitters

Low intermodulation distortion is featured
in Type 315 (5 kw) and Type 316 (10 kw)
AM transmitters. Frequency stability is =+
5 cps; audio response within + 1.5 db from
50 to 10,000 CPS; distortion less than 3%
between 50 and 7500 CPS; and grid bias
modulation is used, Dimensions of the 8000-
Ib. transmitters are 132 x 58 x 83 in. Also
on display is the 230-watt Type 312 trans-
mitter, which is well adapted for remote
operation. Versatile remote control equip-
ment is available.—Continental Electronics
Mfg. Co., 4212 S, Buckner Blvd., Dallas 10,
Texas.—TELE-TECH & ELECTRONIC IN-
DUSTRIES

Other Products of Interest

Andrew Corp., 363 E. 75 St., Chicago 19,
I11, features equipment for UHF-TV applica-
tions. Included are 3-1§ in. and 6-1% in. co-
axial transmission line, copper-clad steel
waveguide and accessories.

Federal Telecommunication Labs., Nutley,

J., an IT&T associate, is displaying a
typical operating TV station. Among the
products included are the microwave TV
link, sync generator, picture monitors, Poly-
Efex scanner, audio and control equipment.
A new UHF antenna and UHF {fransmitter
console are being shown.

Houston-Fearless Corp., 11801 W. Olympic
Blvd., Los Angeles 64, Calif., is showing a
new reversal film processing machine for
TV. Other itemns of studio equipment is also
being exhibited.

Standard Electronics Corp., 285 Emmet St.,
Newark 5, N. J., features the S-E 20 kw TV
amplifier and a 1 kw UHF {ransmitter, in-
corporating *“‘add-a-unit” design which per-
mits installation without obsoleting initial
equipment.

justment of crossover frequency from 175
to 3000 cps: the other allows continuous
adjustment of acoustical balance between
“woofer” and “tweeter’” to compensate for
different speaker efficiencies. The 214-XR
is designed for use with the type 120-A

equalizer-preamplifier and two type 220-A
power amplifiers produced by the manu-
facturer.—Hermon Hosmer Scott, Inc., 385
Putnam Ave., Cambridge 39, Mass.—TELE-
TECH & ELECTRONIC INDUSTRIES

Two-Way Radio

A portable 2-way radio packset for indus-
trial, police, fire, utility and conservation
department applications has recently been
introduced to provide dependable 2-way ra-
dio telephone communication between other
portable stations, mobile, or fixed stations.
The completely self-powered “‘Pak-Fone”
consists of a powerful 8 tube transmitter and
a sensitive 15 tube receiver that conforms
with FCC licensing regulations, Optional
power supplies enable the packset to be used
also as a mobile station with a 6 v. auto-
mobile battery as the power source or as a
fixed station using 115 V.A.C. Special fea-
tures prolong battery life. When on "“stand-
by," a relay type squelch shuts off the fila-
ments of several tubes. An incoming signal
automatically switches the tubes into opera-
tion. An on-off indicator light shows battery
condition. The wunit is shipped with a
weather-resistant carrying case, microphone,
crystals, antenna, and batteries as standard

equipment, and is designed to operate in
either to 25 to 50 MC or the 152 to 174 MC
bands—Iundustrial Radio Corp., 428 N, Park-
side Ave., Chicago 44, IIl.—TELE-TECH &
ELECTRONIC INDUSTRIES.

Capacitor Molding Compound

Humiditite, a new molding compound for
capacitors has been developed for use
where high moisture resistance is required.
All Sangamo wire lead mica capacitors are
now molded in Humiditite, and the new
compound will be used in molded paper
tubulars as soon as changes in company
facilities are made. The standard moisture
resistance test described in MIL-C-5A (Pro-
posed) Specification requires mica capacitors
to offer at least 100 megohms of insulation
resistance after ten 24-hour cycles in a hu-
midity chamber at 90% to 95% relative
humidity. The new Humiditite micas tested
in excess of 50,000 megohms of insulation re-
sistance. Continued tests proved the smallest
sizes to the largest able to withstand from 20
to 52 cycles before failure to measure 100
megohms. Engineering Bulletin TS-111 con-
tains complete information—Sangamo FElec-
tric Co., Capacifor Div., Marion, Ill.—TELE-
TECH & ELECTRONIC INDUSTRIES
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New Equipment for WOR

E. M. Johnson {i) WOR-TV vice president in charge
of Station Relations and Engineers, signs contract
for the purchase of Standard Electronics AM-FM
and TV tfransmitting equipment. William Zillger,
vice president of Standard Electronics and Charles
Singer, chief engineer of WOR witness the signing.
standard Electronics Corp. is also providing WAFM-
TV Birmingham, Ala., with Channel 13 20-kw
amplifier.

Coming Events

May 11-13—IRE, National Conference
on Airborne Electronics, Dayton
Biltmore Hotel, Dayton, Ohio.

May 14-16—AFCA, 7th Annual Conven-
tion, Dayton, Ohilo.

May 18-21—Electronic  Parts  Show,
Conrad Hilton Hotel, Chicago, IIL
May 24-28—SAMA, Annual Meeting,
The Greenbrier, White Sulphur

Springs, W. Va.

May 27-29—ASQC, 7th Annual Conven-
tion, Convention Hall, Philadelphia,
Pa.

June 9-11—2nd International Aviation
Trade Show, Hotel Statler, New York,
N. Y.

June 15-19—Exposition of Basic Ma-
terials for Industry, Grand Central
Palace, New York, N. Y.

June  16-24—International  Electro-
Acoustics Congress, The Netherlands.

June 20-Oct. 11—German Communica-
tion and Transport Exhibition, Mu-
nich, Germany.

Aug. 19-21—Western Electronic Show
and Convention, San Francisco Mu-
nicipal Auditorium, San Francisco,
Calif.

Aug. 25-28—AFPCO, 19th Annual Con-
ference, Sheraton-Cadillac, Detroit,
Mich.

Aug. 29-Sept. 6—West German Radio
and TV Exhibition, Duesseldorf,
Germany.

Sept. 1-3—International Sight and
Sound Exposition, Palmer House,
Chicago, IlL

Sept. 9-12—NEMA, Hadden Hall Hotel,
Atlantic City, N. J.

Sept., 21-25—ISA 8th National Instru-
ment Exhibit, Sherman Hotel, Chi-
cago, 1L

AFCA. Armed Forces Communications Assoc.

APCO: Associated Police Communication
Officers

AIEE: American Institute of Electrical
Engineers

ASQC: American Society for Quality Control

IRE: Institute of Radio Engineers

ISA: Instrument Society of America

MPA: Metal Power Assoc.

NARTE: National Association Radie and
Television Broadcasters

NEMA : National Electrical Manufaeturers
AsS0¢C.

RDB: Research and Development Board

SAMA : Scientific Apparatus Makers Assoc.

SMPTE: Soc. of Motion Picture and TV
Engineers

3 NUW' Signaling and Control Units

’

Hammarlund Separate Transmitters and
Receivers Offer Maximum Design Flexibility!

Two independent operations for signaling, dialing, slow speed
telemetering, or supervisory control may be transmitted in one
direction by one Dual Transmitter Unit (DTU-1) and one Dual
Receiver Unit (DRU-1) now available.

These units were engineered for operation over wire lines,
telephone or power line carrier and radio or microwave commu-
nications circuits, and incorporate the same proven basic features
as the Hammarlund Duplex Signaling Unit, except that opera-
tions may be carried on in one direction only. Each unit includes
its own power supply.

The DTU-1 incorporates a pair of transmitters consisting of
a stable tone generator and an amplifier designed to bridge across
a 600-ohm circuit, all mounted on a 32 inch standard relay rack
panel. Harmonic distortion is negligible, frequency stability is
excellent and a total of 36 frequency channels are available
between 2000 and 6475 cycles.

The DRU-1 incorporates a pair of receivers consisting of two
stages of amplification, a signal rectifier, relay tube and relay,
and a sharply selective band pass filter unit, all mounted on a
5V4 inch standard relay rack panel.

Either a continuous or a keyed tone may be used. The units
may be installed in multiple and with Hammarlund 2-way sig-
naling units (DSU-2’s) as individual installations require.

Write for Bulletin 114 for detailed information.

H7HAN
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THIS NEW AID TO

SAFETY, EFFICIENCY

IN OPERATIONS

v

&
WHEELER

souND powerep electnce
TELEPHONES & HANDSETS

There are any number of ways in
which you can use Wheeler Sound
Powered Electric Telephone Handsets
and intercom systems for added con-
venience, time-saving, and safety in
your operations. The most practical
adjunct to regular telephone or in-
tercom service to relieve overloaded
switchboards, and to provide immedi-
-ate contact with up to 12 locations on
a direct private-wire basis. It is also
the ideal emergency phone set-up,
completely independent of owvtside
power sources. Having NO BATTERIES
or other replacedble parts, it is always
DEPENDABLY ready for service, re-
gardless of long periods of inactivity.
Developed, built, and guaranteed by a
division of The Sperry Corporation to
highest quality standards, yet remark-
ably low in cost. Write direct for

information.

Nie-WHEELER”

INSULATED WIRE CO., INC.
DIVISION OF THE SPERRY CORP.

1107 EAST AURORA STREET
WATERBURY, CONNECTICUT
2WH53C

114

CUES for BROADCASTERS

{Continued from page 91)

leaving the tape on the dc head and

clearing all other mechanism. If tape

is to be delayed for broadcast be
sure to remove the tape from the de
head on the rewind!

Console Tube Conversion
ROLAND JORDAN, JR., Chief
Engineer, WSBB, New Smyrna
Beach, Fla

IKE many small radio stations

we have a Western Electric 23C
consolette. This unit uses type 1603
tubes and we have experienced con-
siderable trouble with them. These
cost $7.25 each so we decided to use
a different type of tube.

The logical thought was to change
tube sockets but these are spring
mounted to minimize microphonics
and it was decided that this feature
should be retained, if possible, which
left an adapter as the most practical

Noval tube socket made into adapter for
console to enahle use of different tube.

way to solve the problem. The new
nine pin Noval adapter sockets for
modernizing old equipment looked
good and allowed the use of the new
5879 tube, developed especially for
low-level audio input service.

When one of these sockets was
obtained, it was found that it would
not fit either the large size used for
the 42 or the small size used for the
6C6 or 1603. In order to make the
socket fit in the small base it was
put in a metal working lathe and
the bottom shoulder bhelow the
spring retaining groove turned down
so that it would be a snug fit in the
tube base,

This may sound like a delicate
operation but it was much simpler
than anticipated. Fig. 1 shows the
socket with the turned down
shoulder and with the wires at-
tached, ready to be inserted into the
tube base. The physical arrangement
of the pins lends itself to easy wire-

ing with only two of the wires hav-

ing to be crossed. The others go
directly from socket pin to tube base
prong. As shown in Fig. 1 these two
wires are insulated where they cross
as well as the one that comes out
through the side for the grid cap
connection. The small hole for the
orid lead should be drilled close to
the bottom of the tube base wall,
and between prongs four and five,

e
e

Appearancte of 5879 tube mounted in adapter

since the socket goes well into the
base.

After the leads have been pulled
down through the prongs they
should be checked for shorts and
continuity before soldering. A few
drops of cement around the upper
edge of the tube base wall will
secure the socket and remove any
strain from the leads when the 5879
has to be removed from the socket.

Fig. 2 shows the complete unit
with the tube in place and the grid
cap from a discarded tube soldered
to the grid lead.

This adapter with the 5879 tube is
directly interchangeable with the
1603 and has been in use in our con-

5879

Conversion connections from type 1603 tube
to type 5879 with fop cap grid connection

sole for over three months now, Its
use has brought about a marked re-
duction of hum and noise, as well as
affecting a very considerable saving
tube cost. Also, the unit is so small
that the tube shield used with the
1603 is no longer necessary.
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here are

il i gl i . . . and over 437 used
. master recording audiotape' for the original sound!

Like Audiodiscs and Audiotape, this record speaks

Made from .
Audiodisc for itself.

Record, Artist & Label Master

BLUE TANGO (Leroy Anderson—Decca)......... e
WHEEL OF FORTUNE (Kay Starr—Capitol).............
CRY (Johnnie Ray—0keh)........... e
YOU BELONG TO ME (Jo Stafford—Columbia)..........
AUF WIEDERSEH’'N, SWEETHEART ( Vera Lynn—London)..
| WENT TO YOUR WEDDING (Patti Page—Mercury)......
HALF AS MUCH (Rosemary Clooney—Columbial........

WISH YOU WERE HERE (Eddie Fisher—
Hugo Winterhalter—Victor) ..... ..o,

HERE IN MY HEART (Al Martino—BBS)........cov s,
DELICADD (Percy Faith—Columbia)..................
KISS OF FIRE (Georgia Gibbg—Mercury) ... ... ... ...
ANY TIME (Eddie Fisher—Hugo Winterhalter—Victor).
TELL ME WHY (Four Aces~Decea)........oovviieinn
BLACKSMITH BLUES (Eila Mae Morse—Capitol)........
JIAMBALAYA (Jo Stafferd—Columbia)............... ...
BOTCH-A-ME (Rosemary Clooney—Columbia)...........
GUY 1S A GUY (Dorig Day—Columbia)................
LITTLE WHITE CLOUD THAT CRIED (Johnnie Ray—Okeh).
HIGH NOON (Franiie Laine—Columbia)...............
I'M YOURS (Eddie Fisher—Hugo Winterhalter— Victor)
GLOW WORM (Mills Brotherg—Decea).....ocuviruran.
IT'S IN THE BOOK (Johnny Standley—Capitol).........
SLOW POKE (Pee Wee King—~Vietor)....oovvvinivnnn,
WALKIN’ MY BABY BACK HOME (Johnnie Ray—Columbia)
MEET MR, CALLAGHAN (Les Paul—Capitol).............
i'"M YOURS (Don Cornell—Coral)..........coiveiiaiiin
I'LL WALK ALONE (Don Cornell~Coral)................
TELL ME WHY (Eddie Fisher—Hugo Winterhalter—Victor)
TRYING (Hilltoppers—Dot). . ... oviiiniveine vy
PLEASE, MR. SUN (Johnnie Ray—Columbia)...........

Of the thirty top hit records of the year, all but
one were made from Audiodisc masters! And that
one — a London Record — was made abroad.

It is significant, too, that the original recordings
for over 43 per cent of these records were first made
on Audiotape, then transferred to the master discs.
This marks a growing trend toward the use of
Audiotape for the original sound in the manufac-
ture of fine phonograph records.

Yes — Audiodiscs and Audiotape are truly a
record-making combination—in a field where there
can be no compromise with Quality!
tTrade Mark

..

/‘

z

o
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”
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* ccording to Retail Sales, as listed in THE BILLBOARD. 444 MADISON AVE., NEW YORK 22, N. Y.
Export Dept.: 13 East 40th 51., New York 16, N, Y, Cables *‘ARLAR*
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Aniew HIGH in operating temperatures
-A new LOW in size...

Smallest size — highest operating
temperature! These Aerovox metallized-
paper capaciters are different because of the
exclusive thermo-setting impregnant — Aerolene. The

solidly imbedded section is proof against

vibration and displacement. And the exceptionally good characteristics
remain good throughout longest service life.

Which accounts for widespread preference for Aerovox metallized-paper
capacitors in telephone switchboard equipment, guided missiles,
airborne receivers, interference filters, electronic

calculators and other assemblies requiring maximum temperature rating,
minimum space factor, and superlative reliability.

Avadilable in hermetically-sealed metal-case tubulurs, “bathtubs,” card-
board tubulars, and other case styles, function-fitted* to your needs.

Let our metdllized-paper capacitor specialists with their outstanding

—’

application-engineering background, function-fit such units to your

2 =

FUNCTION
circuitry, associated components, operating conditions. Literature, quo- FITTED
tations, delivery schedules, on request.

AEROVOX (o RPORATION

NEW BEDFORD MASS.

- CLEVELAND, OHI
’!ﬁmr'?ﬁfugl Iiuu

Smith Charts

(Continued from page 87)
exercise and as a tribute to the per-
severance of the reader.

Double Stub Impedance Mateh

It may be inconvenient to change
a stub position as in the single stub
match, and so a double stub match
in which the distance between two
stubs is fixed but the stub lengths
are variable, may be preferable. See
Fig. 8.

An auxiliary circle must be drawn
whose diameter is equal to that of
the g, — 1 circle and whose location
is such that it passes through the
chart center and is tangent to the
g, = 0 circle at a point determined
by the spacing between the stubs.
For zero spacing between stubs the
point of tangency is at ¢ — .25 on the
scale “WAVE LENGTH TOWARD
LOAD”., As spacing increases, the
point of tangency moves counter-
clockwise, When the spacing is A/8,
the auxiliary circle diameter is hori-
zontal and all circle values are posi-
tive. For a spacing of A/4 the aux-
iliary circle diameter is vertical and
coincides with the upper axis of
reals. A spacing of }/8 and 3\ are
best for handling the greatest variety
of impedance loads.

Length Adjusiment

An interesting property of the
auxiliary circle is that if the stub
closest to the load is properly ad-
justed so that the input admittance
is then caused to fall on the auxiliary
circle, the impedance transformation
caused by the length of line between
stubs is such that at the second stub
the per unit conductance value of
the input admittance is unity. Proper
length adjustment of the second stub
will cancel out any susceptance
present and once again as in the
single stub match make the admit-
tance into the network equal the
characteristic line admittance,

1. Using the procedure of example
3, find y,; (point 1) at the point
where the first stub will be placed.

2. Holding g,, constant, rotate
along the g circle until intersection
with the auxiliary cirele (point 2).
In certain cases the g, circle will
not intersect the auxiliary -circle.
This indicates a double stub match
is not possible. In that case either
the spacing between stubs 8, or the
distance to the first stub, 6, will
have to be changed. If y,, is at a
voltage max. a match will always
be possible for the g, value will then
be <1, and any g, circle of value
less than 1 has a radius large enough
so that it intersects any and all of
the auxiliary circles.

3. The difference between the b,
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value at the intersection point and
the b, value of step 1 indicates the
necessary input susceptance and,
therefore, length of the first stub.
Note that the I radius of point (2)
is not the same as that of point (1).

4. Using the I' radius of point (2)
rotate 6, wavelengths (distance be-
tween stubs) toward the generator.
If there has been no mistake this
new point (point 3) will fall on the
g, = 1 circle. Note the per unit sus-
ceptance at this point.

5. As for the single stub match,
choose the second stub length such
that its input susceptance will be the
negative of that found for point (3).

Fig. 10, Lines with attenuation

EXAMPLE 9: (See Fig. 9.) A 30
ohm line 220° long is terminated in
an admittance of 0.015 — j0.025 mhs.
A double stub match is to be de-
signed, the stubs being /8 apart and
short circuited, the first stub 220°
from the load.

The per unit admittance 220° from
Y, is 0.27 — j0.286 from example 3.

Going along the g, — 0.27 circle
we intersect the auxiliary 6, = /8
circle at 0.27 4 j0.318.

The necessary input susceptance
for the first stub (8,) is j0.318 —
(—j0.286) — -I- 30.604. Using the
procedure of example 5 8, is found
to be 0.224% - 0.25) = 0.474).

Using the new I radius of point
(2) (which is close to the I' radius
of point (1) (by coincidence) and
with 0, = 0.0515, rotate 0.125\ to-
ward generator. Note that point (3)
so determined is on the g == 1 circle.
The coordinates of point (3) are 1 +
j1.51.

The second stub must then have a

(Continued on page 118)

Preferred
4 Value
Disk Size % -  mmi_Tolerance
30000 _ — 33,000

il

D=6 &~ 1g'000

— 15000

-

DI-5 & =_ gm0
Di—4

Dt-3
DI-2
DI-1

UM LIMITS

Capacities of from .3 mmf.
ramic dielectric materials
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ORDER YOUR

. DIRECTI.Y FROM

S

E'RADIO SHA(K CORPORATION

i ) EXCLUSIVE DISTRIBUTOR ofF AMPEX

. DATA RECORDING EQUIPMENT IN NEW
ENGLAND AND’ UPPER NEW YORK STATE
; § SEE MAP.

~SEE AMPEX ADVERTISEMENT ON FA[‘.ING PAGE
FOR- DESCRIPIION OF MODEL 306 WRITE

T0 RADIO SHACK CORPORATION TODAY
FOR CDMPLEI’E SPECIFICATIONS AND PRICE.

Our engineering serwces are free. Let Radio
Shack Corporatlons Ampex-factory trained
personnel help you in the planning, design
and servicing of the Ampex recordmnr equip-
ment you require for industrial, military,
scientific and broadcast use. Nﬂturally all
Ampex special models and accessories are
also available from Radio Shack, as well as
the complete line of “Scotch” brand magnetic
tape, regular and telemetering type; bulk and
tank degaussers, tape splicers, empty reels
and hubs. All leading makes of microphones,
amplifiers and speakers for use with Ampex
equipment,

i

WORLD’S MOST
AUTHORITATIVE
CATALOG OF
ELECTRONIC
SUPPLIES

_ﬁ.II 224 pages! Over 30,000 items!
A must for every eIectromcs en-
gineer and lab!

Name
Company
Address

RADIO SHACK

CORPORATION -
167 Washington §t., Boston 8, Mass.
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per unit inpui susceptance of
— j1.51, which means it will have
to be 0.343 — 0.25 = 0.093\ long.

LINES WITH ATTENUATION

All procedures are the same ex-
cept that the I radius is not constant
in length, but decreases on going
toward the generator, and increases
going toward the load. The amount
of radius increase or decrease is
given by the auxiliary scale “1 DB
STEPS”.

EXAMPLE 10. (See Fig. 10.) A
load of 10 -+ j40 ohms terminates a
50 ohm line whose loss is 4 DB/
meter. The line length is 1.537
meters., The wavelength is 10 cm.
What is the input impedance, the
standing wave ratio near the load
and near the input end?

j4
Enter the chart with z ;, — —1%
—0.2 1708
¢, — 0.1092% and p = 8.5
153.7

Wlth e = T: 1537k, SUbtraCt

largest no. of half wave lengths and
take 6 =0.37%. Then 0, —=¢, + 06 =
0.1092 - 0.37 = 0.4792).

If there were no attenuation z
would be 0.12 — j0.13. Due to atten-
uation the I radius must be de-
creased.

Unfortunately the “1 DB STEPS”
scale is not numbered. Assigning the
number 0 to the mark just under the
scale designation, the marks are
numbered out to 15 DB. Then the
radius for z ; comes to 1.15 DB,

With a length of 1.537 meters and
4 DB /meter, the total attenuation is
(1.537) 4 —= 6.15 DB, which comes to
1154+ 615=173 DB on the scale.
This shortens the radius very con-
siderably. The new ¢ becomes 1.48
and z,, becomes 0.69 — j0.07.

Z, =50 (0.69—j0.07) == 34.5 1 j3.5

Waveguides may be handled just
as transmission lines but with the
caution that the characteristic im-
pedance and phase wavelength must
be determined for each frequency.

Antennas, filters, tuners, VHF
tubes and magnetrons are among the
circuit elements whose input im-
pedances vary significantly with fre-
quency. A graph of these input im-
pedances on the Smith chart will
often clarify the problem, which is
usually that of keeping the standing
wave ratio underneath certain limits.

Transistor Oscillator

Owing to a printer’s error, the drift
of the precision transistor oscillator,
described on page 93 in the March issue
of TELE-TECH & ELECTRONIC IN-
DUSTRIES, was erroneously indicated
as 3 parts in 109 per day. The correct
figure is 3 parts in 10° (ten to the ninth)
per day.

TELEMETERING

EQUIPHENT CHARNELS

BATTERIES

TUFTS
RECORDER

ANIHAL .
CONTAINER

BEADOR
-~ .

| PARACHUTE

TARK

RSSEHBLY\;\

I
II
HOTOR I

~

- TAlL |
STRUCTURE ~>

FiN+

STRUCTURE

1CRITER I PROPELLANT

F—

CHAMBER

FIR

NOZZLE

Cutaway view of Aero Jet Aerobee Sounding
Rocket shows pressurized nose cone which car-
ries animals and telemetering equipment into
the upper atmosphere. During flight, data on
physiolegical reactions are transmitted to ground
station recorders. Important result is that ani-
mals were recovered in good condition, and
were able to orient and control their bodies, in-
dicating that a properly secured man in an
aireraft can function nermally during periods
of zerc gravity.
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ANNOUNCING

THE AMPEX 306 DATA RECORDER

A new machine that solves more data
recording problems than any new
instrument since the oscillograph

AMPEX 306 Magnetic Tape Recorder

U-10394

For further information, write to Dept.

APPLICATIONS

Like the direct magnetic tape recorder, the
AMPEX 306 presents data in “live” electrical
form that can be scanned, speeded up, slowed
down, automatically reduced or converted to any
electrical, visual or physical form.

But unlike any previous magnetic tape recorder,
the AMPEX 306 has a frequency response down
to D.C. and has high transient accuracy that is
essentially independent of irregularities in the

tape it uses. The AMPEX 306 has a range, accu- .

racy and versatility never before appreached by
any magnetic tape recording device.

Recording of explosions, shock waves, geophysical data and

other phenomena of a highly transient nature.

Mechanical, physical or electrical phenomena falling in the
frequency range 5000 cycles down to zero {D.C.).

Data whose complexity and quantity makes automatic reduction,

scanning or comparison desirable.

Non-repeatable test situations requiring high reliability and

comprehensiveness of data.

AMPEX ELECTRIC CORPORATION
934 CHARTER STREET * REDWOOD CITY, CALIF.
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Waveguide and Coax Line

Combinations for UHF-TV
The use of combinations of wave-
guide and coaxial line are dictated by
considerations such as wind loading,

CHANNEL 14 | 49 | 83
FREQ. (vc) 470|680|890
(QJDTE?;H)?JLOO:"X, 0.77|1.03|1.36
ATTENUATION 116 | 1.782.25
AT TENUATION 0.35(0.22|0.31
GUIDE SYSTEM VSWR |[L05 NOMINAL

tower costs, and terrain conditions, as
well as transmission line attenuation
at UHF. The chart, furnished by Prod-
uct Development Co., Kearny, N.J.,
lists nominal attenuation values of 3-1%
in. coax and copper clad waveguide,

Series of waveguide sections being assembled

and measured attenuation of coax. It is
a basis for comparison, considering a
typical system about 540 ft. long. In the
combination, 250 ft. are waveguide,

Tarzian Expands TV and
Manufacturing Operations

Sarkes Tarzian, electronic manufac-
turer and founder-owner of WTTS and
WTTV, Bloomington, Ind. was elected
President of the Bloomington Chamber
of Commerce early in April. The
Armenian born, Pennsylvania-educated
engineer now employs more than 2,000
people in his Bloomington plants and
stations. Under construction now is a
new 250,000 square foot tuner assem-
bly plant in Bloomington with comple-
tion by mid-summer expected. WTTV
will undergo more than a half million
dollars of improvements this summer.
Tower height will be increased to 1,000
feet, with ERP of 100 KW on Channel
4 instead of Channel 10.
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STATION PLANNING

(Continued from page 100)

as a master (or program) monitor.
On its screen appears at all times
the picture output of the control
room. There is a space in this con-
sole for a panel containing pushbut-
tor. switches with lap-dissolve Jev-
ers, signal lights, etc. The technical
director uses these controls to select
the picture for transmission. The
second monitor is used as a “pre-
view” monitor. The technical or
program director uses a set of push-
buttons to select any of the camera
input he proposes to use. This moni-
tor may also be used to take visual
“cue” from a preceding program.

Remeote Signals

The average TV program consists
of a succession of camera pick-ups,
plus the occasional inclusion of sig-
nals from remote points or other
studios. A simple example of the
latter is the insertion, into the pro-
gram, of a station identification slide
or short picture sequence originat-
ing in the film projection room. An-
other is the occasional (although less
frequent) insertion of outdoor
scenes or sporting events picked up
by field equipment and fed to the
station by line or microwave relay.
Thus, even though the major part of
fny one program will originate in one
studio, with control of the program
centered in its control room, some
provision must be made for coor-
dinated control of the remote sig-
nals, as well as control of the signals
emanating from the projection room.

In almost any television station, it
is desirable to be able to switch from
local to remote and network signals
in master control. A feature of the
layouts described here is that re-
mote and network signals as well as
signals from other studios may also
be brought into any of the camera
switching systems by means of a
video patch panel, thereby allowing
control of all program source mate-
rial within any studio control room.,

Plan “A” is especially suited to
the small TV Station involving min-
imum investment. Requirements for
this class of operation include only
the technical equipment necessary
for handling the following programs:
(1) network (2) local film programs
from 16 mm projectors (3) local
slide projection programs and (4)
test pattern from a monoscope. The
advertising or commercial function
can be of either local or network
origin.

Overall housing facilities of Plan
“A” include Sales, Administrative,
program offices and storage space, in
addition to the space provided for

the technical operation (see Fig. 2).
Floor space for technical equipment
is separated into: a combined trans-
mitter and video control room, an-
nounce booth, film projection room,
film editing and storage, engineer-
ing workshop and parts storage, and
heating and ventilating.

Major items of the equipment re-
quired to perform programming op-
erations consist essentially of a film
camera chain, master monitor, two
16 mm film projectors, an automatic
dual-disc slide projector, multi-
plexer, film editing equipment,
monoscope camera, studio syn-
chronizing generator, audio/video
switching console, two stabilizing
amplifiers, one turntable, micro-
phones, transmitter, antenna, audio
equipment and miscellaneous acces-
sories such as rack mounted power
supplies, etc. A Dblock diagram
illustrates the major equipments
incorporated in Plan “A)” and ac-
companying floor plans and “exact-
scale” model photos show their
approximate location. Video power
supplies,  distribution  amplifier,
stabilizing amplifiers, monitoring
equipment, sync generator, audio
equipment and test equipment are
housed in five standard cabinet
racks located near the console (See
Fig. 4).

In Plan “A,” the transmitter is lo-
cated in the central control room at
the right of audio/video control con-
sole. Transmitter test and monitor-
ing equipment required to fulfill
FCC requirements are mounted in
equipment racks behind the control
console. The “Filterplexer” (a com-
bination sideband filter/diplexer) is
ceiling-mounted to conserve floor
space, Plan “A” indicates the use of
a 1l or 2 KW transmitter. However,
Broadcasters planning to increase to
10-KW later with “add-on” ampli-
fiers may do so by moving the engi-
neer’s desk into another office, thus
providing the extra space.

Plan ““A*” Ceniralized Console

Smooth and successful perform-
ance of this console is made possi-
ble to a large extent by the proper
grouping of important controls to
make them easily accessible to the
operator. This is accomplished by
using the audio/video switching
console {which consists of two con-
sole sections) plus one film camera
and one switchable master monitor
also mounted in standard console
sections. These four standard sec-
tions are arranged “in-line” to form
the simple unified console of Plan
“A” This console is coupled with a

TELE-TECH & ELECTRONIC INDUSTRIES + May 1953
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film camera contro! and forms the
nucleus of a complete TV operation.
The section at the extreme left of
the console houses the film camera
control unit. In the upper part of
this console section is a master
monitor which has a 10-in. picture
tube and a 5-in. CRO tube. In the
lower portion of the housing is the
fllm camera control chassis It sup-
plies the blanking and driving sig-
nals to the film camera and repro-
duces a picture generated by the
film camera. Controls for the ad-
justment of picture levels and shad-
ing are located on the sloping desk
panel of this console section. The
film camera control is located at
the left end of the Console for con-
venience of operation. However, the
unit may be removed from this po-
sition if desired, and placed at an-
other location without disturbing
the functions of the remainder of
this switching console (See Fig. 4)

The audio and video switching
equipment is composed of the two
center sections of the operating con-
sole and provides audio and video
controls and audio monitoring facili-
ties.

The two center console sections
comprise (left to right, see Figs. 1
and 5) 1. Audio control with com-
bined Audio Video program switch-
ing. 2. Remote control section. On
the sloping portion of the audio/
video section (second from left) are
located the program switching con-
trols composed of one row of key
switches for audio control, one row
of pushbuttons for video control, a
video clip-fader control and a tie-
switch for combining audio and
video switching, controlled from the
video pushbuttons. The combined
audio/video switching is obtained by
using relays. This system provides
for eight inputs of audio and eight
of video with one output for each.
Audio may be switched separately,
if desired.

Plan “A* Aundio Control

The audio portion provides for
eight inputs to four mixer positions,
Audio key switches provide means
of selecting any input such as turn-
table, projector, studio, remote or
network, The inputs are relay op-
erated so they can be controlled by
the videe selector switch when de-
sired, simplyfying the audio/video
combination switching (actual cir-
cuits are kept apart thereby pre-
venting crosstalk). The relays are
also interlocked to prevent acci-
dental doubling of the circuits. A
selector switch allows a monitor
amplifier and speaker o check most
of the audio circuits including
transmitter input and output, and

(Continued on page 122)

TOROIDS and COILS

e

by Lenkurt Specialists

FILTERS
by Lenkurt Specialists

A TR

ECADE INDUCTOR

Guaranteed to an accuracy within one per cent
of inductance value, this new Lenkurt tool for
laboratory or field use provides required in-
ductance volues in I-mh steps up to a total of
1111 h. Write for your copy of new bulletin
DE-P2 for complete information.

LENKURT ELECTRIC SALES CO.
SAN CARLOS 3 CALIFORNIA

Lenkurt components are
produced from the rich
engineering background
of Lenkurt Electric Co.,
warld's lorgest indepen-
dent manulaclurer of
lelephone and lelegraph
carrier equipment.
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STATION PLANNING

(Continued from page 121)

turntable cueing. It is visualized
that a separate cueing amplifier and
speaker may be used in most appli-
cations.

One rack of equipment is needed
in addition to the control panel. This
houses the preamplifiers; program
monitor, and limiting amplifiers; and
power supplies. Jacks are provided
for all amplifier inputs and outputs.

The video pushbuttons also pro-
vide a means of selecting any one of
eight signals, such as film, studio,
monoscope, remotes or network for
transmission. In addition, by using
the “lock-in” switch on the left side
of the panel, certain audio and video
signals may be switched simultane-
ously by means of the video push-
buttons. When switching from local
to remote or network signal, con-
tacts on the switches provide auto-
matic removal of the local synehro-
nizing signal.

On the right side of the switching
panel is a remote “clip-fade” con-
trol. By means of this control, the
signal may be faded to black, at
which time an instantaneous switch
may be made to a new signal, and
then the new signal faded up, thus
letting “roll over” occur during the
black period, when switching from
local to remote or network.

Remoie Controls

'The other section of the audio and
video switching equipment (third
from left) houses all the remote
controls that are neecessary to pro-
vide finger tip operation of those
equipments necessary for simple
basic programming,

The two top panels control the
stabilizing amplifiers. One of these
amplifiers is for network or remote
signals and the second is for con-
trolling any signal to the transmit-
ter. The second stabilizing amplifier
is also used for mixing the *syne”
and local video signals, since some
form of local signal is necessary
for advertising purposes. The third
panel in this section is the projector
switching control. Three groups of
pushbuttons and tally lights are lo-
cated on this panel. The groups at
either end composed of three but-
tons and a separate lamp are identi-
cal while one pushbutton and tog-
gle switch are located in the cen-
ter. The center toggle switch is for
turning the power on and off a
slide projector. The pushbutton di-
rectly under the switch has a tally
light built in and may be used to
switch slides in the slide projector.

The tally light at the top of the
panel at either end indicates when
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control has been transferred from
the film projector to this remote
operating position. The pushbutton
on the left of the group is used to
start the projector and has =&
built-in tally light to indicate that
the machine is running, The center
button of the group with built-in
tally light is for transferring sound
and picture from one machine to the
other, when two film projectors are
used. The third button is for stop-
ping the projector, and does not
have a built-in light. Another group
of buttons at the other end of the
panel is identical and performs the
same functions for a second projec-
tor.

Master Moniior

The fourth section at the extreme
right-hand end of the console con-
tains a Master Monitor, and on the
sloping desk surface are located the
pushbutton switches for monitor se-
lection. Each switch is mechani-
cally interlocked. Provision is made
for twelve inputs and one output.
This unit may be used to monitor all
the necessary transmitter signals in
addition to serving as a preview
monitor for remotes and networks.
In the normal operation, this moni-
tor will register the line signal. The
output of the switch is fed from a
cathode follower, which receives its
power from the master monitor as-
sociated with it. Located in the
monitor switching panel, a pushbut-
ton for chopper control is provided
to select a calibrating signal for in-
dicating percentage of picture mod-
ulation to the transmitter.

Film Projeciion RRoom

As shown in the layout photos
and “A” floor plan, the film projec-
tion facilities include a film camera,
two 16-mm projectors, a slide pro-
jector and a Utility Monitor.

Control of the projectors is ex-
tended by use of a projector control
panel located at the centralized
“transmitter room” console. Com-
plete provision is made for station
breaks and spots during network
hours. Windows provide visibility
into the transmitter control room
and announce booth, in the event
visual cue is desired. Pull drapes
are shown so that “darkened room”
operation may also be accomplished,
since the operator at the central
console has program switching con-
trol and complete film monitoring
and talkback facilities.

Space is provided for a rewind
bench and storage cabinet in the
projection room. Since film pro-

gramming will make up a large part
of the station activity, space is pro-
vided for the future addition of a
duplicate film projection setup. This
would also require the addition of a
second film camera control section
to the main console in the transmit-
ter room. Some planners may elect
to start with a dual setup. Ancther
possibility is the addition of a
“Telop” projector and a second film
camera for the handling of
“opaques” and other program ma-
terial mentioned later.

Film Editing & Storage

A separate room provides space
for film accessory equipment to ac-
commodate film handling, editing
and storage needs. Some stations, be-
cause of expanded film program-
ming, may find a need to enlarge
these facilities. As previously men-
tioned, part of this equipment is in-
stalled in the film projection room
for convenience in handling daily
shows. Space requirements for han-
dling film may vary; however, room
should be provided for editing,
splicing, rewinding, commercial in-
sertion and storage for both “daily
and upcoming” shows that are to be
aired. The editing area will also be
needed to accommodate last minute
“hurry-up” changes so frequently
encountered in the preparation of
film for airing. (See Fig. 3)

Telemetering Conference

The annual National Telemetering
Conference will be held on May 20th
through 22nd at the Edgewater Beach
Hotel in Chicago. Registration fee for
W. H. Wickham, Registration Chairman
the entire proceedings will be $3.00.
may be reached at the Commonwealth
Edison Company, 2233 S. Throop Street,
Chicago, Ill. J. E. Hobson, Director of
the Stanford Research Institute, will be
the principal speaker at a banquet to be
held on Wednesday evening, May 20th.

BOMBER-DEFENSE MISSILE

i

Boeing’s “‘GAPA" supersonic research missile
just after leaving launching rack at Alamo-
gordo, N. M, Developed as a bomber defense
vehicle under an Air Force sponsored project,
“GAPA" was never placed into production. 1500
mph missile is now providing valuable research
information in a new, advanced missile program
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Triode RC
{(Continued from page 31)

tortion. The assumption is made that
amplifier loading may be neglected
if the amplifier load resistance, R,
ig less than 0.1 megohm, The problem
is to pick the lowest plate supply
voltage and a satisfactory amplifier
load resistance, R;, to provide the
amplification with the distortion
within the specified value,

One must select some supply volt-
age and load resistance ag a starting
point. One might choose, for example,
a supply voltage of 250 volts and a
load resistance of 25,000 ohms (Line
A on Fig. 2). The amplification of
the tube at zero bias with this supply
voltage and load resistance is (Load
line A)

— 0.0037 < 25,000

VA= 107000105 X 25,000
—925
= o= —18.04

Note that the transconductance and
the plate conductance values are
those estimated at zero bias on the
load line. The amplification at a
negative six volts bias is

— 0.0019 x 25,000

Vs —_—
VA= 1 + 0.000105 x 25,000
—47.5
=g T

The transconductance and plate con-
ductance values in this case are for
a negative six volts bias on the grid.
The distortion then is

18.04 — 131

D=_— "
18.04 4+ 13.1
4.96
= W 25=3950
TRV
The chosen design might prove satis-
factory. It is too close, however, to
accept. Consequently, one might try
doubling the load resistance, leaving
the plate supply voltage unchanged.
The voltage amplification at zero bias
now is (Load line B)

— 0.0031 X 50,000

X 25

VA= 1000014 % 50,000
— 155
— — 194
8

At a bias of negative six volts,

= 0.00145 50,000
~ 1+ 0.00008 % 50,000
725
S VY
5

The percentage distortion is

19.4 — 145

b= 19.4-+ 145
4.9

— - {25 = G

sy X 25=363%

(Continued on page 126)
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SPACE SAVERS

For Modern Electronics

JOHNSON

miniature air variables

¢t Capaciters too can turn on a

" dime . . . and require just a
34" x ¥4" panel area! Johnson
miniatures are designed to
solve the space and depend-
ability problem in modern portable, mobile and
girborne equipment through the VHF range.
You can depend on Johnson qualify to maintain
the high standards of your equipment.

SPECIFICATIONS

SINGLE
CAT.  NOMINAL CAP. NO.
NO. MAX.  MMF. PLATES L

MIN,
5MI1T 50 1.5 5 1-7/64
OMI1 87 1.8 9 1-7/32
15M11 142 23 15 1-13/32
20M11 19.6 27 21 1-37/64
DIFFERENTIAL
SMATT 50 1.5 7 1-7/64
OMATT 87 1.8 13 1-7/32
15MAT1 142 23 22 1.13/32
19MATT 196 2.7 31 1.37/44
BUTTERFLY

3MB11 31 1.5 7 1-7/64
5MB11 51 1.8 13 1-7/32
OMBT1 8.0 22 22 1-13/32
11MBI1 108 2.7 37  1-37/64
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The Miniature Size with
All Full Size Features!

¢ Low inductance ¢ Soldered plates

assembled with precision ¢ Split
sleeve bearings * Beryllium copper
tension spring contact for permanent
alignment, constant torque and low
inherent noise  Differential and but-
terfly types electrically symmetrical
* Excellent vibration characteristic
due to low inertia ¢ Steatite insu-
lation impregnated with DC-200 ¢
Metal parts brass, nickel plated
Single hole mounting bushing
threaded Y-32 with flats to pre-
vent turning ¢ 3/16" shaft slotted
for screw driver adjustment ¢ Plate
spacing .017"” & Peak voltage rat-
ing, 1250.

Features available in production
quantities: Locking bearing, 180° stop,
various shaft extensions, .0135%
spacing with capacities up to 30
mmfd, high torque.

For Complete Information

on the
JOHNSON
LINE

Write for
Cataleg 973

CAPACITORS, INDUCTORS, SOCKETS, INSULATORS, PLUGS, JACKS, DIALS, AND PILOT LIGHTS

203 2nd Ave. S. W
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TRANSISTORS

{Continued from page T6)

adapting the bridge to N- or P-tran-
sistors, and even to vacuum tubes.

Combined with this supply circuit
are the various ac circuits. First, we
measure the voltage attenuation in
the reverse direction by impressing
an ac voltage upon the collector and
by measuring the induced emitter
voltage. In the circuit shown in Fig.
10 a, the induced emitter voltage is
compensated by the voltage drop V',
across the bridge wire so that the
VTVM operates as a null indicator.
The bridge wire is calibrated in val-
ues of X = V,/V’', so that the volt-
age attenuation factor becomes p, =
1/X..

The second step is the measure-
ment of the voltage amplification
factor p, at open collector circuit
(Fig. 10 b). For this purpose, input
and ouput voltages are interchanged.
Balance occurs directly at p, = X..

Both values immediately give the
characteristic number

é = Xc/Xa
and the associated figure of merit.
1
K = & 1
Xe

If we compare the bridge circuitry
with the conventional diagram for
measuring the amplification factor of
a vacuum tube, the only difference
is the phase between input and out-
put voltages. Consequently, a simple
commutator adapts the transistor-
bridge for the testing of vacuum
tubes in which case the values of X
change to X-1.

Finally, we measure the collector -

and emitter impedances in the same
bridge circuit. First, the collector is
loaded with the known loadresistor
R”. and the bridge is balanced for
X'<X,.. The -collector impedance

then is
ro = R, Xs _ 1]-
X/

Second, a known preresistor R”, is
inserted into the emitter circuit. The
new balance value X” gives the emit-
ter impedance at open collector cir-
cuit as

Rar/
Xe {
X//
This value must be reduced to a

short-circuited collector by means of
the formula

re = r’/1 + K,

More convenient is the balancing
of the bridge with the aid of the
variable resistors R”, and R", after
the bridge wire has been adjusted to

rf =

124

X./2. This manual adjustment can
be eliminated by an electrical half-
reduction of the voltage attenuation
across the bridge potentiometer. For
this purpose, the bridge wire lies in
series with a preresistor having the
same resistance as the bridge po-
tentiometer itself. Turning the main
selector switch from its p- into the

/
./

//0.75
100 /
50 /,
%

0.25 MAMPS
o] 0.

i 0.2 a3 0.4 0.5

Fig. 12: Curves showing gain character-
istics of a point contact transistor.

r-positions automatically short-cir-
cuits the preresistor thus dividing
the X-scale by the factor two. At the
same time, this half-reduction is
combined with different preresistors
so as to provide a multiplication of
the X-range.

Experimental Model

Fig. 11 shows an experimental
model of the transistor bridge in-
cluding the supply and measuring
devices. With the aid of such an
equipment, a transistor can be tested
very quickly and conveniently at the
actual conditions of operation, Once
the four parameters y,, y,, r., and r,
are measured at various pairs of op-
erating currents, the maximum avail -
able power gain in the grounded-
base connection can easily be evalu-
ated. Fig. 12 illustrates a typical
family of gain characteristics. First,
it can be seen that a reasonable
power gain requires a collector cur-
rent larger than the emitter current.
This prerequisite—with a grain of
salt~—may be visualized to be the
analogue of the negative grid volt-
age of a vacuum tube. Second, any
collector current requires an opti-
mum emitter current and vice versa.

Since the transistor bridge permits
the testing of transistors as well as
vacuum tubes, the opposite method
is applicable, namely the use of a
vacuum tube bridge for the testing of
transistors. For this purpose, a tran-

sistor adapter has been developed
which, in combination with the Gen-
eral Radio vacuum-tube bridge
561-D, is the equivalent to the tran-
sistor bridge.

It may be interesting to disclose
the relationship between the bridge
parameters and the constant-current
parameters utilized in the customary
transistor analysis. In order to avoid
confusion, the latter are written with

asterisks. The conversion formu-
las are
re* = (rc - rt:.ue) ’ (1 + K)
¥ = Tepie ’ (1 + K)
re* = 1o (I — g - (1 + K)
rm* = (re#c - r(‘ﬂ'e) ) (1 + K)
re
o = fe T
Ie

These formulas reveal the figure of
merit to be the analogue of the qual-
ity factor of resonance circuits. The
transistor conversion formulas simi-
lar to the formulas describing the
conversion of series into parallel
resonance circuits or from wvoltage
into current resonance according to
the principle of quality.

Simpler Equations

The developed terminology and
philosophy of transistor circuits lead
to simpler equations than those re-
sulting from the constant-current
parameters. This is illustrated by the
following examples., In terms of
constant-current analysis, the volt-
age amplification of a grounded-base
transistor has the form

O:R[,

% re* + rb*
ro¥ + (1 —e) + rc*Tb*RL
The introduction of the conversion
formulas changes this complicated
expression into the much simpler

equation

Av=

A better illustration is the formula
for the maximum available power
gain

Ap * =oc2><r7c* tnt
max re* + rb*
% 1
1 +\/fe* + ¥ (1—a)
re® 4"
which, in terms of the bridge para-
meters, assumes the form

A, = F(K)-

r max
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In the same manner, the optimum
load resistor

re*+rb* (1 —C':>

re*j‘_rb=e=

RLom* =(r.,*4+rp¥) \

simplifies into
Riope = 1o x/m—

and the associated input impedance

R[N * o= I"G* + rb*

opt

mnto
RINDPL = T \/1 + K

Although it is a matter of taste and
convenience whether we prefer the
constant-voltage or constant-current
analysis and expressions, the simpli-
fication leads to a simpler tester and
an easier understanding of the en-
tire circuitry of transistors.

Remington Rand
Announces New Computer

“ERA 1103,” produced by Engineering
Research Associates Division of Rem-
ington Rand Ine. is a “general purpose”
digital computer system intended pri-
marily for scientific, mathematical, and
control applications.

Developed originally for the United
States government, the equipment pro-
vides siorage capacity up to 17,408
superspeed regisiers plus unlimited sup-
plementary magnetic tape bulk storage,
high operating speed (60 micro-seconds
per unit of addition) and wide pro-
gramming versatility. First commercial
models are available for delivery in
1954.

Among the outstanding potential ap-
plications of this new compuier in ad-
dition to automatic process control are:
air traffic control and air defense, air-
craft simulation, automatic data reduc-
tion, general industrial and economic
planning, and scientific-mathematical
computation.

More than 4500 vacuum tubes are
employed by the equipment which is
housed in six cabinets measuring ap-
proximately 54 ft. in length and 20 ft.
wide. It weighs approximately ten tons.
The machine is completely sectionalized
electronically and relies on programmed
checking for reliability. Marginal
checking as a preventative maintenance
measure is also employed. Here the
filament voltages are reduced from 6.3
to 5 volts and the machine is required
to operate with 100% accuracy. Using
this type of checking, the 1101, fore-
runner to the 1103, was found to have
875% good operating time, 25% un-
scheduled maintenance, and 10%
scheduled maintenance.

American offers you the “Full-Vision” line of
quality microphones, a complete line for television and
radio broadcast—AM and FM, motion picture studios,

professional and home 1ec01d1ng,

and public address.
Pioneers in the design and manufacture of quality micro-
phones, American has also pioneered the introduction
of quality microphones that are deagned to be

HEARD AND NOT SEEN,

Attractive "Full-Vision”
styling permits both the
artist and the audience

to enjoy perfect performance
without obstructing the view,

For greater fidelity . . . plus . .. ”Full—Vision” for artist
and audience . .. use American,

DYNAMIC DYNAMIC RIBBON DYNAMIC DYNAMIC
AND RIBBON AND RIBBON BI-DIREC- OMNI- OMNI.

DR-332 R-331 D-33 D-22

H rite /m Free Dw(upme Llf(idf/t)e and Cdm/ut,’rw No. 46 Depf FV

meulas, wicrorrone co.

370 SOUTH FAIR OAKS AVE. PASADENA 1, CALIFORNIA
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TRIODE RC

(Continued from page 123)

This set of data appears to give the
desired design. A check with a re-
duced supply voltage (200 wvolts)
might be made to indicate the reli-
ability of the circuit. The amplifica-
tion at zero bias is (Load line C)

— 0.00295 < 50,000

VA =TT 5000132 % 50,000
— 1475
= e = 1942

For a negative six volt bias, the
amplification is

— 0.001 X 50,000

VA = 1 0.000062 < 50,000
—50
=122

The percentage distortion is
oo (194-122) 25
194+ 12.2
7.2

:WX25 = 5.7%

The effect of reduced supply voltage

evidently is to make the stage mar-
ginal. The average gain at normal
supply voltage, 169, is a marginal
value. A similar check at increased
supply voltage (275 volts) gives the
following results. At zero bias, the
amplification is (Load line D)

— .0033 X 50,000

VA = 500145 % 50,000
— 165
= " — —20.
815 00

At negative six volts bias, the ampli-
fication is

— 0.00155 X 50,000

VA = 1 1 5.000087 X 50,000
— _‘57;5_5 — 145
The distortion is
D— jg_g;%g % 25
= %— 25 = 3.99,

Average amplification is 17.2, a-value
which may be adequate.

As can be seen, the distortion js
marginal and the amplification is
marginal using a fifty thousand ohm
load resistance. The easiest way to
improve operation of the stage suffi-
ciently that it is not marginal is to
increase the load resistance. An in-
crease to 62,500 ohms, with a 250 volt
supply gives an average amplifica-
tion of 17.4 and a distortion of about
three percent.

When a set of tube operating con-
ditions meeting the basic amplifica-
tion and distortion requirements is
found, variation of the B supply volt-
age will indicate how critical the
circuit. The greater the reliability
required, the wider the range of plate
voltage variation which must provide
operation of the circuit within the
prescribed limits. The effect of tube
tolerances, although better deter-
mined by a set of typical curves rep-
resenting tubes near the upper limits,
mean or bogie, and lower limits, can

IBM Installs New Computer

Installation of the first production
model of International Business Ma-
chines’ newest and most powerful high-
speed electronic calculator, the “701,”
has been made at the company’s World
Headquarters, 590 Madison Avenue,
New York City. The “701” is composed
of eleven compact and connected units.
About a dozen of these equipments will
be built this year, all consigned to gov-
ernment agencies or defense industries.

The equipment is capable of perform-
ing more than 16,000 addition or sub-
traction operations a second, and more
than 2,000 multiplication or division
operations a second. In solving a typical
problem, 14,000 mathematical operations

a second are performed.

The calculators, which will rent for
$11,900 monthly or more, depending
upon storage capacity, will be used for
the caleulation of radiation effects in
atomic energy; for aerodynamic compu-
tations for planes and guided missiles,
including vibration and stress analysis,
design and performance computations
for jet and rocket engines, propellers,
landing gear, radomes, ete.; on studies
related to the effectiveness of various
weapons, and on steam and gas turbine
design calculations. A company which
has pioneered the use of high-speed
digital computers for cost accounting
with the IBM Card-Programmed Elec~

IBM Electronic Data Processing Machine 701, comprising 17 wnits, uses all three electronic storage
devices: €R tubes, magnetic drums and magnetic tapes. At center is analytical control vnit, card reader
at right tenter. Storage units at left; ot right ave tape reoders, recorders, printer and card punch.

126

tronic Calculator, will use the 701 to
speed and simplify the immense task of
assembling and interpreting production
cost data from its several plants. In
government agencies the 701 will be
used principally on restricted problems.

The installation at IBM in New York
will be operated as a Technical Com-
puting Bureau for organizations having
problems involving mathematical com-
putations. These will include problems
similar to those listed above, as well as
geophysical caleulations and commer-
cial studies. Test computations now in
progress include a problem relating to
the electronic charge distribution in
the nitrogen molecule.

Two drums in magnetic sforage unit of the 701
will store more than 80,000 digits. Heads are
0.001 in. from drum which spins af 2929 rpm.
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be approximated by a supply voltage
variation test. Since amplifier char-
acteristics may be more critically
affected by voltage reduction than by
voltage increase, the reduced voltage
calculation should be made first.

Table I lists the results of applying
200 and 300 volts, as well as the ori-
ginal 250 volts, to the finally selected
design developed for Example One.

Table !
Characteristic Ep—2Q0v. 250v, 300v.
Zero bias gain 18.4 19.5 20.5
—& bias gain 13.0 15.3 15.2
Distertion 4.4% 3.0% 3.7%
Average gain 15.8 17.4 17.8

Since the supply voltage variation is
+209% of the 250 volt nominal, the
design should prove satisfactory.
Transconductance variation along
the zero bias line is from about 2600
to 3200 microhms for the supply
voltage wvariation from 200 to 300
volts. Variation along the 6-volt bias
line is from about 1800 to 1000 mi-
crohms. Where a greater freedom
of tube characteristics variations is
required the use of degeneration is
indicated.

Pesign Problein

As a second example of design, one
might wish to find the preferred B
supply voltage for an amplifier stage
having a static load impedance of
50,000 ohms and a dynamic load im-
pedance of 25,000 ohms. Assume that
the input signal was =4 volts peak.

This problem requires a brief con-
sideration of actual operating condi-
tions. First one notes that the static
tube operating characteristics are
controlled by a 50,000 ohm load line.
The mean operating point will lie
on this static load line (line A or
line C in Fig. 3). The static operating
point will in fact lie at the intersec-
tion of the static load line and the
4-volt bias contour. Neglecting the
drift resulting from non-linearity,
the mean bias point should be chosen
at this intersection. A new load line
should now be drawn through the
mean bias point. This new load line
should have the slope of the dynamic
load impedance of the amplifier (lines
B and D in Fig. 3).

If the static load line for this prob-
lem were based on a 250 volt supply
voltage, the transconductance varia-
tion along the load line would be ex-
cessive. The variation is approxi-
mately three to one. Consequently,
the initial choice of static load line
is based on & supply voltage of 300
volts. (A in Fig. 3) The 25,000 ohm

{Continued on page 128)

AURICON

16 mm Sound-On-Film
THE CAMERA THAT HEARS WHAT IT SEES!

CINE-VOICE

Photograph a sound track along one edge of your
picture film with the Auricon “Cine-Voice” 16mm
Camera. Same film cost as old-fashioned silent
movies! Play back your own talking pictures on
any make of 16mm sound projector. Also used
for Television film Newsreels, Commercials, etc.
Write for free illustrated “Cine-Voice" Folder.

$695.00

With 30 day
money back
Guarantee

AURICON-PRO

<9 200 ft. film capacity for 5% minutes of
continuous sound-on-film.

<9¢ Self-blimped for quiet studio operation.

<9¢ Synchronous motor for single or double
system sound-recording work.

<9¢ Studio finder shows large upright image.
<9¢ $1310 (and up) with 30 day money back guarantee.
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Write-today for Free
Auricon Camera Catalog

SUPER-1200

<9¢ Two independent Finder Systems plus
instant Ground-Glass Focusing through
the Camera lens.

¢ Self-Blimped for quiet Studio operation.

<X 1200 foot film capacity for 33 minutes
of continuous recording.

<€ Variable Shutter for fades or exposure
eontrol.

<9 $4315.65 complete for 16mm sound-on-
film...lenses additignal, Also available
without sound for $3377.90.
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TRIODE RC

(Continued from page 127)

load line is line B. Remaining calcu-
lations are similar to those in Exam-
ple One, remembering that the dy-
namic load impedence should be used
in gain calculations. The stage volt-
age amplifications at zecro bias and
minus eight volts bias are 180 and
9.9 respectively. The mean amplifica-
tion is approximately 13, and the
distortion is 7.259,. If the supply
voltage is raised to 400 volts (lines
C and D in Fig. 3), the amplifications
are 18.6 and 12.0. These amplifica-
tions indicate a mean amplification
of 15.3 and a distortion of 5.4%.

The power output to the exiernal
30,000 ohm load is determined by

P = (VA-e,)*/ 2R, (6)

For the two supply voltages just
considered, the outputs are 0.026
watt for the 300 volt case and 0.0375
watt for the 400 volt case. The static
tube plate input powers are 0.4 watts
and 0.62 watts respectively. The total
plate supply input powers are 1.1 and
2.2 watts respectively.

Whenever the dynamic load im-
pedance and the static load imped-
ance are substantially different, the
plotting of a pair of load lines is re-
quired with triode tubes. The first
line plotted is always the static load
line, since it controls the actual op-
erating point of the tube. Then the
dynamic load line may be plotted to
obtain actual operating conditions.
In either case, transconductance and
plate conductance data may be esti-
mated directly at as many points
along the dynamic load line as are
required. These conductance data
determine the actual operating char-
acteristics of the stage.

Calculation of the effect of coup-
ling capacitors and the effect of the
triode grid-plate capacitance in the
presence of tube amplification follow
the usual technique. The actual cal-
culated voltage amplifications ob-
tained for the stage may be used to
improve the accuracy of the calcula-
tions somewhat.

Discussion has been limited to the
design of the simplest forms of triode
amplifiers in this article. As will be
seen in later articles of this series,
however, the design techniques de-
scribed are basic to all types of dy-
namic parameter design of tube cir-
cuits,
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Techniques Ltd., London, England.
Binocular Vision and the Perception of
Projected Stereoscopic Pictures, Armin J.
Hill, Motion Picture Research Counecil,
Hollywood, Calif.
A Pane! Discussion on Projection and Ex-
hibition of Stereoscopic Motion Picinres

Television Session

Fundamental Problems of Subscription
Television; The Telemeter System, Louis N.
Ridenour and George W. Brown, Interna-
tional Telemeter Corp.

Optical and Electrical Equivalents in Tele-
vision and Photography, A Progress Report
on Apvpplications of Aperture Theory, Otto
H. Schade, RCA Victor Div., Harrison, N. J.

Progress Report on NTSC Color. I. J. Kaar,
General Electric Co., Syracuse, N. Y.

Closed Circuit Video Recording for a Fine
Music Program, W. A. Palmer, W. A. Palmer
Films, Inc., San Francisco, Calif.

Wednesday, April 29

Drive-in Theatre and Film Editing Session

Film-Projection Practice Committee Re-
port, Ralph H. Heacock, Committee Chair-
man )

Improved Equipment for Drive-In Thea-
ters, R, H. Heacock, RCA Viector Div., Cam-
den, N. J

Drive-In Theater Doub’l-Con In-a-Car
Speaker, J. R. Hoff, The Ballantyne Co.,
Omaha, Nebr.

Westrex Film Editor, G. R. Crane, F.
Hauser and H. A. Manley, Westrex Corp.,
Hollywood, Calif,

A Nonintermittent Photomagnetic Sound-
Film Editor, Walter H. Hicks, Centaur Pro-
duets Corp., Manhasset, N. ¥,

High-Speed Photogravh Field Trip to U.S.
Naval Ordnance Test Stations’ Morris Dam
Test Facility, Azusa, Calif.

Photogravhy for High Velocity Missile
Tests at Morris Dam Test Range, Mabry
Van Reed. U.S. Naval Ordnance Test Sta-
tion, Pasadena Annex.

Symposium on Screen Brightness

The Svpectra Brightness Spot Meter, Frank

Eél(;frandell, Photo Research Corp., Burbank,
1I,

Recent Developments in Carbons for Mo-
tion Picture Projection, F. P. Holloway,
R. M. Bushong and W. W. Lozier, National
Carbon Co., Fostoria. Ohio

Optimum Screen Brightness for Viewing
16mm Kodachrome Prints, .. A. Armbrus-
ter and W. F. Stolle, Eastman Kodak Co.,
Rochester, N. Y.

Picture OQuality of Motion Pictures as a
Function of Sereen Luminance, Lawrence
Ih)r. {;Iark, Eastman Kodak Co., Rochester,
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The Effects of Stray Light on the Quality
of Projected Pictures at Various Levels of
Screen Brightness, Raymond L. Estes, East-
man Kodak Co., Rochester, N. Y.

Thursday, April 30

A Self-Blimped Reflex 35mm Motion Pic-
ture Camera, Benjamin Berg, Establishments
Cinematographiques Eclair, Hollywood,
Calif.

Report of Committee on 16mm and 8mm
Motion Pictures, M. G. Townsley, Committee
Chairman .

Recent Development of a Compact High-
OQutput Engine-Generator Set for Lighting
Motion Picture and Television Locations,
M. A. Hankins and Peter Mole, Mole-Rich-
ardson Co., Hollywood, Calif.

Film Dimensions Committee Report, E. K.
Carver, Commitfee Chairman

A New Zoomar Lens for 16mm Motion
Pictures, Frank G. Back, Zoomar, Glen
Cove, N. Y.

A Transmission Densitometer for Color,
K. G. Macleish, Camera Works, Eastman Ko-
dak Co.. Rochester, N. Y.

The Magnescope, Rowland L. Miller, Mag-
nescope Corp., Culver City, Calif.

High-Speed Photography Session

A High-Speed Motion Picture System for
the Photography of Small Nonluminous Sub-
jects, Albert T. Ellis, California Inst. of
gelc_l%nology, Hydrodynamics Lab., Pasadena,

alif.

High-Speed Motion Picture Photography
of Electrical Ares on a High-Voltage Power
System, Everett J. Harrington and Harold
g. Ramberg, Bonneville Power Administra-
ion.

Applications of High-Speed Photography
in Rocket Research Hydraulic Studies, Kurt
R. Stehling and Flovd Stratton, Bell Alreraft
Corp., Buffale, N. Y.

Wind Tunnel Illimination by Mereury
Vapor Lamp, L. A. Yaggi, Consolidated Vul-
tee Aircraft Corp., Daingerfield, Tex.

Anplications of High-Speed Photography
at Air Force Flight Test Center, Claude C.
Baldridge and Lt. Gene C. Lemmon. Ed-
wards Air Force Base, Edwards, Calif.

Film Processing Session

Processing 16mm Color Film With a Silver
Sound Track, John Fritzen, Cinecolor Corp.,
Burbank, Calif.

Matching Density to Production, Howard
T. Raffety, Cinecolor Corp., Burbank. Calif.

Improved Color Films for Motion Picture
Production, W. T. Hanson, Jr., and W. T
Kisner, Eastman Kodak Co., Rochester, N. Y.

The Problems of Control of the Colorx
Photographic Processes, Allan M. Koerner,
Eastman Kodak Co., Rochester, N. Y.

Eastman Color Prints from Various
Sources, Allan Haines and David P. Boyle,
Pathe Laboratories, Hollywood, Calif.

Friday, May 1
Sound Recording and Reproduction

Session

Motion Picture Sound Installation at the
University of California at Los Angeles,
Barry Eddy, University of California at Los
Angeles.

Push-Pull Negative Track Recording,
Murray Dichter and William H, Unger, Dich-
ter Sound Studios, New York

Correction of Frequency-Response Vari-
ations Caused by Magnetic Head Wear, Kurt
Singen and Michael Rettinger, RCA Victor
Div., Hollywood, Calif.

A New Theater Sound System for Multi-
Purpose Use, J. E. Volkmann, 5. A. Caldwell
and A. J. May, RCA Victor Div., Camden,
N. J.

A Theater Loudspeaker System with Im-
proved Directional Properties, J. E. Volk-
mann, S, A. Caldwell, and A. J. May, RCA
Victor Div., Camden, N. J.

High Speed Photography Session

The Raptonic High-Speed Camera, Harold
E. Edgerton and Kenneth J. Germeshausen,
Edgerton, Germehausen and Grier, Inc., Bos-
ton, Mass.

A Full-Frame 35mm Fastax Camera, John
II:II. \%{Vaddell, Wollensak Optical Co., Rochester,

The BRL-NGF Cinctheedolite, Sidney M.
Lipton, Aberdeen Proving Ground, Md., and
Kenneth Shafter, Naval Gun Factory, Wash-

ington, D. C.
A Multipurpose Optical Tracking and Re-
cording Instrument, Sidney M. Lipton,

Aberdeen Proving Ground, Md.

The M-45 Tracking Mount, Myron A. Bon-
delid, U. 8. Naval Ordnance Test Station,
Inyokern, China Lake, Calif.

Stercophonic Sound Session

Microphones, Loudsneakers and Ambplifier
for Use with Stereophonic Reproduction in
the Theater, John K. Hilliard, Altec Lansing
Corp.. Beverly Hills. Calif.

Multiple-Track Magnetic Heads, Kurt
Singer and Michael Rettinger, RCA Victor
Div,. Hollywceod, Calif.

Westrex Stereophonie Recording and Re-
producing Facilities, John G. Fravne and E.
}:V_i_fTemplin, Westrex Corp.,, Hollywood,

alif.

Nomenclature for Motion Pictures and
Television in the Society of Motion Picture
and Television Engineers, Wm. H. Offen-
hauser, Jr., Cormnmittee Chairman
Wide-Sereen Picture and Stereophonic
Sound Session

Twentieth Century-Fox Film Corp. will
demonstrate CinemaScope complete with
stereoplhonic sotund.
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s . BULLETINS

Diais and Pointers

Government approved applications of ra-
dioactive and other luminous and non-
luminous dials, knobs and pointers is the sub-
ject of a new brochure published by Sampson
Chemical & Pigment Mfg. Co., 2832 W. Lake
St., Chicago 12, Iil.

Portable Radio

Pak-Fone, a portable 2-way radio is de-
scribed in a bulletin just released by the
Industrial Radio Corp., Chicago, Ill.

Magnetic Transient Recorder

Magne-Pulse Corp., 140 Nassau St., New
York 38, N. Y., has announced the availability
of a new bulletin describing the company’s
type 103 magnetic transient recorder. This
unit was developed recently for recording
low freguency, single shot or irregular fre-
quency phenomena.

Indicator Light

1ege

Subminiature Indicator Lights” is the
title of a new brochure published by Dial-
ight Corp., 58 Stewart Ave., Brooklyn 37,
N. Y. Non-dimming and dimming types are
described.

Carrier Terms

Definitions of 150 terms commonly found
in telephone and telegraph carrier equipment
literature are given in new Lenkurt Bul-
letin EB-101, “A Dictionary of Carrier
Terms.” The 16-page booklet also includes
a general discussion of carrier equipment
theory. Copies of this new publication are
available from: Lenkurt Electric Co., 1116
County Road, San Carlos, Calif.

Conneciors

A new 16 page catalog of Viking Electric,
1061 Ingraham St., Dept. “'B’", Los Angeles 17,
California, is ready for free djstribution. This
loose-leaf catalogue gives engineering speci-
fications and templates of miniature con-
nectors, terminal boards, thermocouple con-
nectors and printed circuit hardware.

Coils
J. W. Miller Coil Co., 5917 Main St., Los

Angeles, Calif., has announced publication of
a new (#54) 32-page catalog.

Recording

A new four-color, 16-page, illustrated
booklet entitled “A New Horizon in High Fi-
delity Recording” has been announced by
Minnesota Mining and Manufacturing Co.,
900 Fauguier St., St. Paul, Minn. The booklet
tells the story of “Scotch” brand “High Out-
put” magnetic tape No. 120. Bias require-
ments and frequency response characteristics
are discussed and illustrated in six graphs.

Bobbin Winder

A new catalog sheet illustrating and de-
scribing the new Model 38-A miniaturized
bobbin winder is now available from Geo.
Stevens Mifg. Co., Inc., Pulaski Road at
Peterson, Chicago 30, Ill. Of special interest
are the slow-start feature which avoids pos-
sibility of wire breakage, and the instant
re-setting automatic counter which saves
time by permitting instant re-setting of the
winding cycle by merely touching a lever.

Components

A new eight-page catalog presents the de-
tailed specification, illustrations, typical cir-
cuits, and applications of the vibrators, vi-
brator power supplies, sub-miniature tubes,
electrometers, corona regulators, special-pur-
pose tubes, voltage regulators, current regu-
lator tubes, and resistors distributed by Vic-
toreen Instrument Co., Components Div., 3800
Perkins Ave., Cleveland 14, Ohio.

Parts Catalog

A rotogravure sales bulletin announced by
Radio Shack Corp., 167 Washington St., Bos-
ton 8, Mass., as a part of its 30th Anniversary
celebration features the first commercially
available junction-type transistors, UHF TV
antennas and converters, FM booster, wire,
tubes blowers, transformers, condensers, re-
sistors, tuners and amplifiers.

a HEPPNER originall

AR T

MODEL BC606

< e ex O T

centering devices

For use with Electrostatic TV tubes of all sizes.

Distortion-free beam is assured by uniformity
of fleld. Will not de-focus beam.

The two models differ only in mounting.
Model BCCOO6 mounts easily on the deflec-
tion yoke. Mode!l BCC603 mounts directly
on the tube, adjacent to the deflection yoke
and is held securely in place by phosphor
bronze tension springs. Beam centering is
done by rotating individual magnets. MODEL BC403

Each unit is tested in both open and closed
position before shipment.

Representatives:

John J. Kopple

60 E. 42nd St., New York 17, N. Y.
James C. Muggleworth

506 Richey Ave,, W, Collingswood, N. J.
MANUFACTURING COMPANY [ n
Round Lake, Hlinois (50 Miles Northwest of Chicago) R.R.1, U. 8.27, Coldwaler Rd.,
Phone: 6-2164 Ft. Wayne 3, Indiana
Irv. M. Cochrane Co,
SPECIALISTS IN ELECTRO-MAGNETIC DEVICES 408 So. Alvarado St., Los Angeles, California
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Units of FTL 34-A Airborne DME are (I to r) transmitter-receiver, meter, contrel hox., Federal's DC-3

Flying Laboratory Tests DME

A DC-3 has been converted into an
airborne electronic “guinea pig” for
flight testing some of the most im-
portant developments in aerial navi-
gation—DME (distance = measuring
equipment), 2-color radar, automatic
landing gear, altitude coding, ground-
to-plane radio communication of the
pulsed-time-modulation type, and many
new types of ILS (instrument landing
systems) . The plane is part of a research
and development organization main-
tained at the Westchester County Air-
port (Rye Lake, N. Y.) by Federal
Telecommunication Labs., Ine, Nutley,
N. J,, an IT & T associate.

One development—DME—is now be-
ing used on the New York to Chicago
airway, enabling the pilot to pinpoint
his position from a ground station with-
in a fraction of a mile.

In the distance-measuring system,
the challenger-responder principle is
utilized. Distance is measured by an
airborne challenger operating in con-
junction with a ground beacon. Both
the air borne challenger and the ground
beacon have a pulsed transmitter and
a receiver. The transmitter in the air-
craft starts the measuring process when
it sends out a challenging pulse. This
is received at the ground beacon and
causes its transmitter to respond with
a similar pulse. When the response
pulse is received in the aircraft, special
circuits measure the time elapsed be-
tween the transmission of the challeng-
ing pulse and the reception of the re-
sponse pulse. Other circuits then con-
vert the time difference into a me-
chanical indication of the distance from
the aircraft to the beacon. This se-
quence of operation is repeated fre-
quently enough to give a smooth and
continuous indication.

To enable a number of aircraft over
a given area to operate with a sihgle
ground beacon, a beacon responds to
all aircraft within range challenging on
its assigned frequency channel. Each
airborne challenger, therefore, receives
the ground beacon’s responses to many
other challengers. This method of op-
eration requires that the airborne
equipment have some means of finding
and abstracting the responses to its
own pulses, For this purpose, a random

130

variation is intentionally introduced in
the repetition frequency at which each
airborne challenger’s pulses are emit-
ted. Special circuits in the challenger,
called “the strobe,” are then employed
to examine in a stroboscopic manner
all the responses received by the air-
craft. Only those response pulses which
have the same random variation as the
challenging pulses emitted from that
aireraft affect its distance indicator,

The following list shows some of the

characteristics of equipment already
constructed:

(1) Channel separation is 2.37 mc.
This allows 51 two-way clear fre-
quency channels within the al-
located band 960-1215 wmc,

(2) The adjacent-channel rejection
is so complete that beacons which
are physically adjacent may op-
erate on adjacent channels.

(3) There is no channel ambiguity,
therefore multipath echoes do not
result in code disturbances,

(4) The narrow bandwidth greatly
reduces the possibility of interfer-
ence from harmonics of lower-
frequency transmitters.

(5) A given ground beacon can serv-
ice more aircraft, for it emits
fewer pulses per aircraft.

(6) Since pulse combinations or codes
are not used for channeling pur-
poses, the use of multiple pulses
is reserved for other purposes.

A complete distance-measuring sys-
tem comprises an airborne challenger
and a ground beacon. The challenger
operates on all of the 51 channels. Dis-
tance information is obtained directly
from the rotation of a shaft and can be
fed to the computer of an automatic
flight control equipment. The distance
indicator is a dual-pointer clock-type
meter for panel mounting. The cali-
bration is from 0 to 100 nautical miles,
with the smallest scale division equal
to 0.1 mile.

The receiver is a superheterodyne
whose local heterodyning signal is sup-
plied by a crystal oscillator and fre-
quency multiplier, The crystal con-
verter is preceded by pre-selector cavi-
ties which, among other things, act as
the T/R circuit, The transmitter of
the airborne challenger uses a 2C39

flying lab tests lotest air navigation devices

“oilcan” tube as a pulsed oscillator. The
frequency is determined by a cavity
with a movable plunger. The AFC then
makes the fine adjustment necessary to
bring the frequency to the center of the
channel. It is possible to hold the fre-
quency to within =100 xc of the as-
signed channel frequency, but a tol-
erance not exceeding 200 ¢ is satis-
factory.

GE Shows i.m.f. Tube

Development of an “internal magnetic
focus” gun which will permit the elimi-
nation of the external focus coil and
ion trap magnet on television picture
tubes has been announced by General
Electrie’s Tube Department. Use of the
gun means a major saving in parts and
assembly operations for TV receiver
manufacturers. The new gun contains
an internal compensating focusing lens
which maintains focus over a wide
range of operating voltages. A simple
soft iron sleeve shunt may be used to
increase this range. No external focus-

FRTERNAL MABNETIC
bt $00YS 1088

EXTERRAL MAGNETIC
Foicus TuEr

(Above) MNew internal magnetic focus gun
{Below) Coemparison of mountings in TV receiver

ing control requiring set owner adjust-
ment is necessary. Clear focus over the
entire face of the screen is provided
within the rated anode voltage range.

The focusing and ion trap devices in
the new gun employ four tiny Carboloy
“Alnico 5" magnets. Three of the Al-
nico magnets, meaguring a quarter of
an inch in diameter and five-eighths of
an inch in length are used in the focus
assembly and the fourth, measuring
one-eighth of an inch in diameter and
length, is used in the jon trap unit.
The 21JP4 is the first GE. tube type
in which the new gun has been in-
corporated.
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S PERSONAL

Rinaldo De Cola, chief engineer Ad-
miral Corporation, 3800 Cortland St,
Chicago 47, Ill, has been appointed
Chairman of Panel 15, NTSC, to replace
Dr. D. E. Noble, Motorola, who resigned.
W. 0. Swinyard, Hazeltine Research
Inc., 325 Huron Street, West Chicago,
Ill., has been appointed vice-chairman
of the Panel.

Neal F. Harmon and Roy D. Jordan
have received a joint Charles A. Coffin
Award, highest honor given by the
General Electric Company to its em-
ployees. The men were cited “for
aggressive efforts in conceiving, de-
veloping and promoting an entirely
original civil defense communications
program, which has materially benefited
. the General Electric Company and all
local, state and federal civil defense
organizations.”

Kenneth A. Hoagland has been named
chief engineer of the cathode-ray tube
division of Allen B. Du Mont Labora-

Kenneth A, Hoaglond

tories, Inc. He has been with the Du
Mont organization for 12 years and is
credited with developing the Du Mont
“Bent Gun” used in cathode-ray tubes
and the Du Mont “Selfocus” picture
tube.

Marvin Hobbs, who recently joined
Harvey-Wells Flectronics, Inc., South-
bridge, Mass., as director of engineering,
has been elected vice-president and a
member of the board of directors. From
1950 to 1952 Mr., Hobbs was on the
staff of the Office of the Secretary of
Defense, ag Director of the Electronics
Division of the Munitions Board and
the Defense Dept. member of the Elec-
tronics Production Board.

Harry V. Houghton has joined Corson
Electric Manufacturing Corp., Union
City, N. J., as design engineer, and will
expand the company’s activities in
the pulse-forming network and high-
voltage capacitor fields. He was former-
ly chief equipment engineer at Chatham

TELE-TECH & ELECTRONIC INDUSTRIES * May 1953
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Have Many Applications

“KEN-SEAL’’ MOLDED UNITS

There are many transformer applications in which hermetic sealing can be
achieved more desirably than with metal casings. This is especially true where
weight, space and cost are important factors. To satisfy this demand Kenyon
has introduced “Ken-Seal’” molded transformers which meet all government
specifications. The molded process was chosen in preference to dipping or
encapsulation because it produces a finished product of controllable, definite
dimensions, with a uniform amount of sealing thickness.

An easily mixed casting resin is used, with cast separable molds for large
production or smail sirippable molds for smalier quantities. This simple process
insures uniformity and efficient sealing at low cost. “Ken-Seal”” molded wvnits
may be the answer to some of your transformer problems. Send ws your inquiries.
We're in production now,

No matter what your transformer requirements may be con-
tact Kenyon first. Our engineers will endeavor to show you
how you can increase efficiency at low cost by choosing a
transformer from the complete Kenyon line.

KENYON TRANSFORMER CO., Inc.
840 Barry Street, New York 59, N. Y.
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Among recent additions to the METHODE
line are a number of innovations and
improvements whose worth has been

quickly recognized by electronic
designers and producers.

The following are a few
of the new accessories
which have already
found high produc-
tion applications.

Tube Socket for

Printed Circuits
“Twisi-on’’ Tube

Shield Bases

HTwist-On' type of tube shield and
base, which can be mounted
separately or in combination
with molded sockets, as il-
lustrated. Projecting lugs on
shields provide direct

ground to chassis under
screw pressure and a

reliable shock and
vibration proof
mount.

Miniature, octal and noval units with
simple, time-proven design features
providing reinforced mechanical
spring conltact with printed con-
ductors, easily supplemented by
solder dip operations, Insula-
tors are heat resistant black
phenolic and hardware is
cadmivm plated copper
base alloy. Available
with or without tube
shield terminals,
ground straps, and
jumper bars,

Laminated Miniature
Tube Sockets

With softer alloy tube pins resulting from mate-
rial conservation measures, the wiping action of
METHODE laminated miniature sockel contacts provides
uniform withdrawal of tubes without breakage, stress
or damage to pins . . . .

Industry may look to METHODE for further electro-mechanical develop-

ments to assist in meeting the problems of increased complexity of new
radio, felevision and communications equipment. Consultation is invited on
wiring device applications which involve large production requirements or
will meet an industry-wide need.

METHODE Manufacturing Corp.

2021 West Churchill Street * Chicago 47, lllinois

District Saies Offices:

Indiana, Ohio, Michigan Texas, Okiahoma

V. C. Macnabb Indianapolis E. F. Aymond Co. Dallas Tulsa
R. L. Colfax Fort Wayne New Engiand

California, Arizona Garber Sales Co. Boston New Haven
W. §5. Harmon los Angeles Washington, Maryland, Virginia

New York State
M. P. Andrews Fayettevilie (Syracuse)

Pennsylvania, Southern New Jersey
D. T. Cooper Glenside (Philadelphia)l

New York City, Northern New Jersey
G. A. Boeck Mountain Lakes, N. J,

J. W. Whitfield Washington, D. C.
Canada

Kelly-Heenan Co.
Overseas Export

Sylvan Ginsbury
8 West 40th Street, New York, N. Y.

Toronto
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Electronics Corp., Newark, N. J.,, and
prior to that was with the American
Broadcasting Co.

E. R. Liberg has been named assistant
manager, Electronics Sales, of the

Graybar Electric Co. He was Man-
ager of the engineering and service

E. R. Liberg

group of Audio-Video Products Corp.
from 1949 until his Graybar appoint-
ment. He was with the terminal facili-
ties division of RCA Laboratories from
1945 to 1949 and was responsible for a
number of developments in code con-
verters.

Dr. K. C. Black has joined the execu-
tive staff of the Polytechnic Research
& Development Co., Inc., Brooklyn 1,
N. Y., as business manager. Since 1949,
he has been chief scientist of the Naval

Dr. K. €. Black

Air Development Center at Johnsville,
Pa. He was, for a number of years, a
member of the staff of Bell Laboratories,
where he was responsible for the de-
velopment of repeater equipment of the
coaxial system of carrier telephony.

Les E. Gradick, WEAS chief engineer,
has been appointed technical director of
the four-station “Dee” Rivers’ radio
operations. In his new position, Mr.
Gradick has technical supervision over
AM stations WJIV, Savannnah; WGQOV,
Valdosta; KWEM, Memphis; and WEAS,
Decatur; as well as all future television
stations, including WGOV-TV which
has received an FCC grant.
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would mean an infinite permeability.
However, the loop character of the
actual magnetization curve and the
existence of a finite coercive force
limit the permeability. This can be
seen in Fig. 4 where a maximum
permeability w..x can be derived as:

B,
M max = HC

(n

where B, is the residual magnetiza-
tion which, for a rectangular hyste-
resis loop, equals saturation B, H,
is the coercive force. Eq. 11 repre-
sents a figure of merit for rectangu-
lar loop type materials becausge it
links the desired characteristics—
high permeability, low coercive
force, and high residual magnetiza-
tion. The significance of a high B,
can be judged from Eg. 6 because
it results in a smaller core size.
Rectangular hysteresis loops are
obtained by orienting the ferromag-
netic domains. This can be done
either by suitable orientation of the
metallic grains or by proper anneal-
ing in a magnetic field. ** Grain ori-
ented materials are often designated
as “cold rolled” because cold rolling
is an important step in processing.

Comparing Hysieresis Loops

Half hysteresis loops of wvarious
materials are compared in Fig. 5,
and a list of materials with their
characteristics is given in Table 1.
Comparison is the best method by
which a hysteresis loop can be
judged because, by using a small
enough scale for the magnetizing
force, almost any hysteresis loop can
be made to appear rectangular. Also,
the differences in coercive forces
come out clearer in a comparison.

Saturable Reactors

Originally, ordinary silicon iron
of the transformer grade had to be
used in saturable reactors. It can
still be found in low-cost magnetic
amplifiers where gain and weight
have no significance. A hysteresis
loop of a good grade of transformer
core material (USS Transformer 52)
is included in Fig. 5 for camparison.
The familiar-hysteresis loop appears
very flat in this representation. Ap-
plying grain orientation to this ma-
terial would result in a hysteresis
loop similar te that given for Hyper-
sil, the most popular commercial
material among the oriented or cold
rolled silicon iron cores. The higher
coercive force of this material in
Fig. 4 stems from the facts that the
Hypersil hysteresis loop goes up to
a higher maximum flux density and

fAmerican Beauty

makes perfect soldered connections for

SYLVANIA

RADIO and
TELEVISION SETS

There are over 2,000 soldered
connections in a good television
receiver. Sylvania calls on Amer-
ican Beauty to help produce top

quality products,

maintain  ifs

reputation as a maker of ex-
pertly crafted receivers,

Pride of Brides for Three
Generations, the famous
American Beauty Electric
Iron, made by the same
specialists in electrical
heating devices.

Builll betlon with Soldpr...
Solilere botlor wilk

fMmerican Beauty

Etnctic Sobiloipg Jrows-Since 1594

IN CHOOSING SOLDERING
IRONS, look to the oldest, larg-

est manufacturer

in America,

Look to AMERICAN BEAUTY,
the Standard of Perfection on the
world’s production lines, and to
these features that make AMER-
ICAN BEAUTY the largest-sell-
ing of all soldering irons . . .

Nickel-coated, corrosion-resistant
tips, easily and quickly replaced
Super-flexible cord, American
Beauty-made, reduces worker
fatigue

Heating element of chreme-nickel
ribbon resistance wire
insulated with pure mica
Built-in connection for ground
wire

Six models , . . from 50 to 550
wtts

A-106

AMERICAN ELECTRICAL HEATER COMPANY

DETROIT 2, MICHIGAN
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ENGINEERS

where do
great ideas

come fromée

5 Today, the great ideas that benefit mankind come. ..
R 4  not from a struggling young genius in a garret . . .

but from men who work in an environment rich
J . with incentives, facilities and resources, enabling
them to put their ideas into practical application.

This is the kind of working environment
that Magnavox has always provided its engineers.
It is not surprising, then, that Magnavox engineers
have developed many of the “firsts” in radio and television
. %: and are today among the leaders in the electronics industry.

More than ever before, Magnavox engineers

work under conditions conducive to creative thought.
They constitute a completely

self-contained, closely-knit organiiation

devoted to engineering exclusively

with all other services available to them.

Needless to say,
job satisfaction at Magnavox is unusually high.

— OPPORTUNITIES ARE GROUND FLOOR IN THE FIELDS OF: —

Radar Synchros — Servo Systems
Radio — Commercial and Military Magnetic Devices
Television — Monochrome and Color Electro-Mechanical Devices
Magnetic Amplifiers Navigational Aids — Fire Control

DESIGN — DEVELOPMENT — CIRCUITRY
Electrical Engineers — Mechanical Engineers — Physicists

Please forward complete resume to:
MR. BYRON D. SITES

\

THE MAGNAVOX company

FORT WAYNE, INDIANA

that the lamination thickness is
lower.,

The degree of rectangularity can
be judged from the expression B,../
B,,: which is listed in Table 1. High-
est rectangularity among commercial
materials is displayed by oriented
materials with 45 to 509 nickel con-
tent (the remainder is iron). These
materials are sold under the original
German designation “Permenorm
3000Z,” or as Deltamax, Hypernik
V, Orthonik, Orthonol, and others.
A combination of grain orientation
and magnetic anneal results in al-
most perfect rectangular hysteresis
loops.

Experimental materials with a
higher ration B,.,/B.,; such as 65%
Permalloy, have not appeared on
the market in this country.

Alloys with higher nickel content
(77-799%) are known for their high
permeabilities and low coercive
forces. These alloys are rather im-
portant for these qualities in the
field of magnetic amplifiers even
though the hysteresis loop is not
rectangular. The hysteresis loop of
Supermalloy, the most advanced
material in this class, has condensed
into one line in Fig. 5 due to the
low coercive forece.

Highest flux  densities are
achieved in cobalt iron alloys.* The
application of magnetic anneal to
this material results in good rec-
tangular hysteresis loops. The higher
losses, however, overcome the bene-
fits of the high flux density so that
this material will presently be con-
fined to special applications.

Tape-Wound Cores

Cores of high performance mate-
rial are generally tape wound. This
core type is most appropriate be-
cause:

1. High permeability is best uti-
lized in gapless cores.

2. Very thin laminations cannot
easily be stamped and stacked.

3. Grain oriented materials can be
utilized fully only if the rolling and
the magnetization direction of the
material are identical.

That section of Table I headed
“Ferrites” lists materials of an en-
tirely different type. These are
ceramic materials with ferromag-
netic properties. These “ferrites” are
composed of certain bivalent metal
oxides including Fe,0,. Their non-
metallic, nonconducting properties
make these materials suitable for
high frequency applications because
of the lack of eddy current losses.
The hysteresis loop of a ferrite (Fer-
ramic H) is depicted in Fig. 5.
Even though this loop appears poor
in comparison with metallic mate-
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rials, satisfactory performance of
saturable reactors with ferrite cores
has been reported at radio frequen-
cies. The low flux density does not
result in bulky reactors if the power
frequency is high. (See Eg. 6.)

Autosyn*
Powdered iron materials are not

suitable as saturable reactor cores :t 5 i

because of a much flatter hysteresis Precision-Built by
loop. ;

The simple saturable reactor as | | ECLIPSE- PIONEER
shown in Fig. 1 is not practical as a | | - . j

magnetic amplifier because of the
induced ac voltage in the control
winding. Magnetic amplifiers are
built up so that induced ac voltages
of the power frequency oppose each
other in the control circuit and buck
out. This can be achieved by con-
necting two simple reactors of the
type shown in Fig, 1, as shown in

<

FLUX MAGNETIZATION CURVE

e

AMPERE TURNS

For more than 18 years, Eclipse-Pioneer has been a leader in the devel-

CONTROL RANGE . . . . .
A opment and production of high precision synchros for use in automatic con-

N
T

| "j;/' trol circuits of aircraft, marine and other industrial applications. Today,
| INTERMEDIATE AMP. TURNS thanks to this long experience and specialization, Eclipse-Pioneer has
MAXIMUM  AMR TURNS availuble a complete line of standard {1.431” dia. X 1.631” lg.} and
;’ Pygmy (0.937” dia. X 1.278" Ig.) Autosyn synchros of unmatched preci-

| sion. Furthermore, current production guantities and technigques have re-
duced cost to a new low. For either present or future requirements, it will

Fig. 12: Self-saturating magnetic amplifier pay you to investigate Eclipse-Pioneer high precision at the new low cost.
draws maximum foud current (half sine wave) *REG. TRADE MARK BENDIX AVIATION CORPORATION
AVERAGE ELECTRICAL CHARACTERISTICS—AY-200 SERIES**
Figs. 6 or 7. The individual control ' Rotor | _Stater
. . . = Input Veltage Input Input Input Stater Output | Resistance | Resistance | RMaximum
Wlndlngs H} bOtho cores have to be Type P:omlml Current Power | Ipadarice Yoltages DC) DC) Errar Spread
connected in series so that fOI“ an Number Excitation Milllamperes | Watts Ohms Line to Line hms hms Minutes
instantaneous alternating flux direc- AY201-1| 26V, 400~, } ph. 225 125 | 25+Hil15 1.8 95 35 15
e . . . Transmitters
tion (indicated by arrows) the in- AY201-4 | 26V, 400~, 1 ph. 100 045 | 45-+j225 1.8 16.0 5.7 20
duced voltages (indicated by signs Receivers | AY201-2 | 26V, 400~, 1 ph. 100 045 | 454j2z5 11.8 160 67 45
and — : ing, ]
+ ; )g are opposm AY201-3 Fr%natg'srarr:s. Dependent Upon Circuit Design 42.0 10.8 15
Both individual cores can be con- Control ld
. M rans-
nected as in Fig. 7, or a three-legged formers | AYZ0L-3|  From, Trans. Dependent Upon Circuit Design 2300 630 15
core can be used. In bOt,h é:lases., only o AY221-3 | 26¥, 400~ 1 ph. ) 035 | 108+i425 s 53.0 125 20
Imim o - esolvers
one common Cofltl ?1 wincing 1s re AY241-5| 1V, 30~ 1ph. a7 — | 240+i130 0.34 239.0 180.0 40
quired. Load windings can be con- Differentials | AY231-3 | From Trans o 14.0 108 20
d i llel (Fi . lieren ans. Dependent Upan Circuit Design - -
nected in parallel (Fig. 6), or in Autosyn
series (Fig. 7), resulting in different *=*Also includes High Frequency Resolvers designed for use up fo 100KC (AY251-24)
performance. The latter connection
is preferred because of a lower time AY-500 (PYGMY) SERIES
constant. Another core combination Transmitters | AYS03-4 | 26V, 400~, 1ph.| 235 22 | 454100 118 2.0 105 2
1s_sho:wn= in Fig. 8. Thef two cores Receivers | AY503-2 | 26Y, 400~ 1ph. | 235 22 | 454100 11.8 230 105 %
with individual load windings are
© AY503-3 | From Trans, Dependent Upon Circuit Design 1700 450 2
arranged one on top of the other in- Control Autosyn
: : Trans-
S_tead of side by side. Both cores are formers | AY503-5 F'ml;rsrfr:‘s' Dependent Upon Circuit Design 5500 138.0 30
then tied together by a common con- AY523.3 | 26V, 400~, Lph 45 0.5 | 2904490 118 210.0 42.0 30
g , o - -3 | 26V, 400~, 1 ph. : i . ! :
trol winding. This core combination Resolvers T 5 TR T = = -
. . ) 543-5 | 26Y, 400~, 1 ph. . 22 ) ) 5.
is preferred with toroidal cores : b !
Where the arrangement of Fig. 7 is Differentials |AY533-3 Fr%r:u“lsrgﬂs‘ Dependent Upon Circuit Deslgn 45.0 93.0 30

not practical.
The simple magnetic amplifiers _ L
which have been discussed do not | EiEE '
give much gain per stage. Under | [Si. ECLlPSE-PlONEER DlVlSlON of
idealized CODditiOnS, a simple rela- = TETERBDRO NEW JERSEY : S
tion between input and output am- | [,
(Continued on page 138)

For detailed informaﬁon, write to Depf. H.

AVIA THIN CDRPD#AT'ON

Exp’orl-Sule Bendn_( Internafional Division, 72 vFil'lh Averfmret Ne‘w Y'drk TL N Y, ;
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to the

ELECTRICAL
ENGINEER

or

PHYSICIST

with experience in

RADAR

or

ELECTRONICS

Here 1s

THE COMPANY

Hughes Research and De-
velopment Laboratories,
located in Southern Califor-
nia, are presently engaged
jin the development and
production of advanced
radar systems, electronic
computers and guided
missiles.

THE NEW OPENINGS

The positions are for men
who will serve as technical
advisors to government
agencies and companies
purchasing Hughes equip-
ment—also as technical con-
sultants with engineers of
other companies working
on associated equipment.
Your specific job would be
essentially to help insure
successful operation of
Hughes equipment in the
field.
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Hughes Research and Develop-
ment Laboratories, one of the
nation’s leading electronics
organizations, are now creating
a number of new openings in
an important phase of their
operations.

/

s

what one of these positions offers you:

THE TRAINING

On joining our organiza-
tion, you will work in the
Laboratories for several
months to become thor-
oughly familiar with the
equipment which you will
later help users to under-
stand and properly employ.
If you have already had
radar or electronics experi-
ence, you will find this
knowledge helpful in your
new work,

WHERE YOU WORK

After yvour period of train-
ing—at full pay—you may
(1) remain with the Labor-
atories in Southern Califor-
nia in an instructive or
administrative capacity, (2)
become the Hughes repre-
sentative at a company
where our equipment is be-
ing installed, or (3) be the

Hucghes representative at a
military base in this coun-
try or overseas (single men
only). Compensation is
made for traveling and
moving household effects,
and married men keep their
families with them at all
times,

YOUR FUTURE

In one of these positions
you will gain all-around ex-
perience that will increase
your value to our organiza-
tion as it further expands in
the field of electronics. The
next few years are certain to
see Jarge-scale commercial
employment of eclectronic
systems. Your training in
and familiarity with the
most advanced electronic
techniques now will qualify
you for even more impor-
tant future positions.

How to apply:

4 ~
N
N

~

HUGHES

RESEARCH AND

DEVELOPMENT LABORATORIES

Seientific and Engineering Staff
Culver City,
Los Angeles County, Caltfornia
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If you are under thirty-five

veurs of age, and if you have

an E.E. or Physics degree,

write to the Laboratories, giving

reswmé of your experience.

Assurance is required that

relocation of the applicant

will not cause disruption of
an urgent military project.

www americanradiohistorv com

pere turns in the operating range
can be deduced which, for the
series-connected type of TFig. 7,

reads

IL NL = Ic Nc (]2)
where I, is the average value of out-
put current, N; is the number of
turns of the load winding, I, is de¢
control, and N, is the number of
turns of the control winding.

From this law of equal ampere
turns, a relation for the current
gain can be derived:

I, N¢

I. N,
It is obvicus that a substantial cur-
rent gain can be achieved only by
using a relatively high number of
control turns. If the load and control
circuit resistance is denoted as Rp
and R, respectively, the voltage gain
can. be written as

(13)

Fe LR NeRoo o,
E—“C B IC RC h NL RC ' '

The power gain derives as
P 1.2 Re Nec)? Ry -
— = =| =] =— (15
. Pe  I2Re N./ Rec ’
ILL L = QIC I\TC (16}

For the parallel connected type
(Fig. 6) the ampere turn relation
reads:

I N = 21 Ne (16)
This type appears advantageous be-
cause the current and voltage gain
are double, and the power gain is
four times as high. (See Table II).
However, the series-connected
amplifier is preferred because of a
lower time constant.

In the following paragraphs, sim-
pler diagrams (Fig. 9, 10, 14, 15, 16,
17, 19) shall be used instead of de-
tailed drawings such as Fig. 6. The
cores are shown separated even
though they may be connected in
one or the other way. The control
winding, common to both cores, is
indicated by one turn even though
its number of turns is generally
higher than that of the load wind-
ings.

The simple magnetic amplifiers, as
shown in Figs. 6, 7, or 9, do not re-
quire any rectifiers. If a de output
is required, however, the load
should be connected to a full wave
rectifier.

The equal ampere turn law indi-
cates that the load current is inde-
pendent of the applied voltage in
the operating range. This character-
istic has been utilized for current
stabilization. Constant alternating
reference currents can be obtained
if the control is done by a perma-
nent magnet.?

Feedback applied to magnetic
amplifiers yields results similar to
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those obtained with other amplifiers.
In order to feed a signal back, it has
to be demodulated. Hence, feedback
magnetic amplifiers have to employ
rectifiers. The amplified signal is fed
back into an additional feedback
winding as shown in Fig. 10. The
number of turns and the way of con-
necting determine degree and sign
of feedback. The load can receive
either de or ac power depending on
where it is placed in the circuit.
With ac output the feedback circuit
can also be connected in parallel
with the load. Thus, the rectifier will
have to carry only a very small cur-
rent. The effect of feedback on mag-
netic amplifier characteristics is
shown in Fig. 11.

Higher Gain

The characteristic without feed-
back is that of a simple magnetic
amplifier. It can be seen that nega-
tive feedback increases linearity
while positive feedback increases
gain. This higher gain is accompa-
nied, however, by a lower stability
and a higher time constant.

The ampere turn relations and
current gain due to feedback can be
derived from the equations of the
non-feedback circuits. The ampere

LOAD ‘
CUARENT

|
|
|
|
|
|

| controL
| Ame TuRNS

! !

po—————
> CONTROL RANGE# ( SEE FIG.IZ 3

Fig. 13: Respense characteristic of magnetic
amplifier derived from load curves of Fig. 12

turn relation for the parallel type of
Fig. 10 without feedback was

I.NL = 2INe
The feedback ampere turns I N
are either added to (-}) or sub-
tracted from (—) the control as fol-
lows:

IL NL = Q(IC NC ES IL N[) (17)
Hence, the current gain is
I N, 1

—L_ 2
Ic NL s Ne (18)
(For more formulas on feedback cir-
cuits see Table II.)

With positive feedback increased,
the "amplifier will become unstable
as indicated in Figure 11. The abrupt
changes in load current can be uti-

{(Continued on page 140)

Size:
11" x 5" X 7’1
8% Pounds

ANGTHER EXAMPLE UF%M PIONEERING ...

The INDUSTRIAL POCKETSCOPE, model
S-11-A, has hecome America's most popular DC
coupled oscilloscope because of its small size, light
weight, and unique flexibility. This compact in-
strument has identical vertical and horizontal
amplifiers which permit the observation of Jow
frequency repetitive phemomena, while simul-
taneously eliminating undesirable trace bounce.
Each amplifier sensitivity is 0.1 Volt rms/inch.
The frequency responses are likewise identical,
within —2 dh from DC fo 200 KC. Their total
undistorted outputs permit effective trace expan-
sion of twice the screen diameter. The internal

TELE-YECH & ELECTRONIC INDUSTRIES ¢ May 1953
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sweep generator is continuously variable from 3
cycles to 50 K€ and can be synchronized from
positive going signals. Return trace hianking Is
optional. Intensity moduiation is accomplished by
connecting either directly to the grid of the three-
inch cathode ray tube or thru an amplifier having
a gain of approximately 10 and a flat response to
500 KG. Direct intensity modulation threshold
voltage is approximately 1 volt rms. Additional
provisions for direct access to all the deflection
plates, the second anode, and the amplifier output
terminals extend the usefulness of the S-11-A
many fold.
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%ow 2o CUT AND STRIP
INSULATED WIRE...

MODEL CS-6E
CAPACITY

Finished Pieces Per Hour—15 in.
lengths, 3000 per hour; 97 in.
lengths, 500 per hour.

Maximum Stripping Length— 1%
in. at each end.

Maximum Cutting Length—97 in.
Minimum Cutting Length—2 in,
(74 in. special).

Wire Handled—Solid or stranded

single conductor wires, parallel
cord, heater cord, service cord, etc.

Maximum Wire Size—No. 10
stranded or No. 12 solid.

Other Artos Machines

The complete line of Artos auto-
matic wire cutting and stripping
machines will handle cut lengths
from 1 in. to 60 ft., stripped
lengths to 614 in. at one end and
814 in. at the other, wire from
No. 12 to No. 000 gauge, and up
to 3600 pieces per hour. Ask for
recommendations on your own
specific problems.

2753 s 231 St. R

14¢

Avutomatic Wire Cutting and Stripping

as fast as
3000 lengths
per hour

ARTOS Automatic MACHINES
REDUCE TIME AND COST

For quantity production of fin-
ished wire leads . ..
cut to length, and stripped at
one or both ends ... investigate
Artos Automatic Machines.

The Model CS-6 illustrated
can complete up to 3,000 pieces
per hour in 15-in. lengths, and
other lengths in proportion.
You save through combined
operations . . . through quick,
easy set-up...through unskilled
help who can handle this ma-
chine. You obtain substantial
time savings over the best man-
ual or semi-automatic methods.

measured,

Highly accurate machine op-
eration reduces work spoilage
to an absolute minimum — er-
rors due to the human element
are eliminated. There is no cut-
ting of strands or nicking of
solid wire. Uniform lengths
and uniform stripping are pro-
duced consistently.

WRITE FOR BUllETIN

Get the complete
story—write now
for Bulletin 35-C
on Artos Model
CS-6 machines.

"ENGINEERING CO. °

Milwaukee 46, Wls.

iized. One possible application is a
relay which operates without con-
tacts and moving parts. The weight,
however, will be substantially
greater than that of a conventional
relay. This is because the magnetic
circuit of a relay is designed for the
relatively small control only, while
that of the magnetic amplifier is de-
termined by the output.

A simple amplifier circuit (Fig.
10) cannot be made to oscillate by
any degree of positive feedback.
Self-sustained oscillation can be ob-
tained with other circuits operating
like a multivibrator. The oscillating
frequency is relatively low, how-
ever, High frequency oscillators, em-
ploying the principles of magnetic
amplifiers and operating from a low
frequency power source, are not
known, They would be desirable as
power supply for high frequency
magnetic amplifiers.

Self-Saturating Unit

The  self-saturating  magnetic
amplifier is often referred to as a
particular type of a positive or re-
generative feedback amplifier. It is
termed an internal feedback circuit
as contrasted to the circuits de-
scribed in the preceding paragraphs,
which would be external feedback
amplifiers. The self-saturating mag-
netic amplifiers are most widely
used because they require no sepa-
rate feedback winding.

A self-saturating magnetic ampli-
fier is derived from the simple satu-
rable reactor of Fig. 1 by adding an
electric valve or half-wave rectifier
in series with the load winding. The
choke in the control circuit can be
omitted because the load current is
a pulsating dc only and there is less
induced voltage in the control cir-
cuit. The same magnetic core char-
acteristic is assumed as in Fig. 3.
The maximum load current drawn
will be a half sinusoidal wave as
shown in Fig. 12 due to the rectifier.

The control required for maxi-
mum output will be the small mag-
netizing force corresponding to the
knee in the magnetization curve.
This is much less than in the simple
saturable reactor of Fig. 3. The des-
ignation ‘“self-saturating” indicates
that the core is saturated by the
load current alone. The average
maximum output is the same in both
Figs. 3 and 12. Even though the self-
saturating amplifier gives only a
half sinusoidal current wave, its
peaks are twice as high because
twice as much voltage can be ap-
plied. At zero control, only a half
voltage cycle has to be absorbed by
the core while the other will be ab-
sorbed by the rectifier.
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An intermediate load current
wave shape is indicated by the dot-
ted line in Fig. 12. At a certain angle
of the applied voltage, which is de-
termined by the control current, the
amplifier “fires.” This jump in load
current occurs when the flux reaches
the horizontal portion of the mag-
netization curve.

The response characteristics or
transfer curves of a self-saturating
magnetic amplifier are given in Fig.
13. The operating ranges are repre-
sented by the steep linear portions.
Two characteristics are presented
which result from the same amplifier
with load resistances varying in the
ratio of approximately 1:2. This
load - current - versus - control -
current diagram compares with the
plate - current - versus - grid
voltage diagram of a triode.

Electronic Mass Flowmeter
for Aircraft Developed

Gaveo Corp. has recently announced
a compact electronic mass flowmeter
weighing less than 8 lbs. which is cap-
able of measuring the actual pounds of
fuel consumption in aircraft and guided
missiles. Industrial applications in prod-
uct classification, bulk storage, loading,
and in research are also expected,

The system consists of a sensing unit
fitted into the fuel line that first meas-
ures the flow in gallons. A density de-
tector simultaneously weighs samples
of the fuel as it passes through the
line. Information from bhoth these de-
vices is continuously fed to an electronic
integrator that compensates the flow for
the true weight of the fluid and sends
pulses to a dial indicator showing con-
sumption in lbs./hour. This is im-
portant in jet planes since successive
fuel loadings may vary in weight by
0.5 1b./gal,, and high altitude can change
fuel density by 10%. Gavco, a General
Aviation Corp. subsidiary, is located at
540 E. 80 St., New York 21, N. Y.

Bench setup {fop] of mass flowmeter shows {l
te  r} electronic wassembly, indicator, and
density detecfor. Plug-in wunits of electronic

assembly (below) are (I to ¥} density compen-
and

sater, integrator indicafor drive units
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... of a NEW
wire-mesh isolator
that won’t change

on the job!

The new Type 7630 and Type 7640 ALL-METL Barrymounts
have been specifically designed to eliminate loss of efficiency due to
damper packing. Previous wire-mesh unit vibration isolators ex-
hibited a definite loss of damping efficiency after a period in actual
service, because the wire-mesh damper tended to pack. These new
unit Barrymounts have eliminated this difhculty, because load-bearing
spring returns damper to normal position on every cycle.

® Very light weight — helps you reduce the weight of
mounted equipment.

@® Hex top — simplifies your installation problems.

® Higch isolation efhciency meets latest government
specifications (JAN-C-172A, etc.) — gives your equip-
ment maximum protection.

® Ruggedized — to meet the shock-test requirements of
military specifications.

® Operates over a wide range of temperatures — ideal for
guided-missile or jet installations.

Compare these unit isolators with any others — by making
your own tests, or on the basis of full details contained in Barry
Product Bulletin 531. Your free copy will be mailed on request.

Free samples for your prototypes are available through your
nearest Barry representative.

At g@p ﬁg’&l@ﬁ;mmagﬁ gmwﬁgiaﬁfia Qﬁ!i&w ryan |
é:s.»;"g ﬁf{g r_g G’? '51." | c Iﬁ% i
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Antenna Fittings
(Continued from page 79)

Laboratory had produced three to
four times the number of fittings the
contracts had specified over that
contractual period. What was more
important to the NRL people con-
cerned, the expenditure for this pro-
duction was less than half the cost
of Laboratory consulting service to
the contractors, who had not pro-
duced any acceptable fittings over
the three year period. Keep in mind,
too, that 609 of the Laboratory’s
efforts in this nine-month period
went into the design and produc-
tion of tools and dies to replace
those which had been Government-
furnished to the contractors. These
included multiple-cavity, semi-au-
tomatic molds.

Commercial Suppliers

With this additional experience,
the time spent in developing quali-
fied commercial suppliers for the
components, plus detailed instruc-
tions and a motion picture now be-
ing completed, the Laboratory now
feels there are competent sources
for production sufficient to meet the
anticipated needs of commercial
airlines as well as the military
needs.

Although the Naval Research
Laboratory took over the Minnea-
polis Project as a continuing job
when the joint activity was dis-
banded, the Air Force has contin-
ued to be of material assistance on
the problem. Wright-Patterson Air
Force Base, for example, is working
on electronic means, which, it is
hoped, will effectively reduce other
forms of radic interference besides
precipitation static. There has been
sharing of information, meanwhile,
with both the Air Force and the
Navy aware of each other’s accom-
plishments.

Century 'Scoops’

One Type of Interference

S Despite the encouraging success
E'h L * that has been achieved to date in
_ o oc o the research, design, and production

‘ of the fittings, NRL is quick to point.
CABI'E CI'IPS out that these fittings are designed
; Mu de of TOUGH, DUéA_BlE to reduce radio interference of only
ETHYL CELLULOSE PLASTIC

one type. Other types of interfer-
ence—faulty magnetos, jamming,
lightning, etc.—are not likely to be
affected at all by the use either of
the antenna fittings or of polyethyl-

. ALL SIZES
Ve" dia. te 14" dia.

ATRADE AR

PET. PENDING ene Wire'
White o Sun; & m‘; " The fittings have proved out in
: S R ’ : p‘_gu” Informadiion] \&\ service, however. Fittings made at
w E c K E s SE R 8 c o , the Laboratory and installed on
A , ~Zo - Secretary Forrestall's airplane in

5259 N. Avondale Ave. Chicage 30, Il 1948 are still in service. Fig. 2 il-

lustrates two typical illustrations.
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More recently, the Air Force re-
ported on an “operational suitability
test” of these fittings on three B-29
and one C-54 aircraft, in compari-
son with present-day, standard un-
insulated antenna fittings. These, in
part, were the findings: | 4

(1) Installation: Provided neces- |
sary skin modification is done at the
aircraft factory or the air depot, the
new fittings can be installed in the
field in one-half the time required
for the comparable components of
the conventional assembly.

(2) Maintenance: B-29s flew from
120 to 170 hours without mechanical
failures or maintenance of the in-
sulated fittings. In the same flying
time, the uninsulated assemblies all
had to be replaced, due to failure
of parts.

Use in the B-29

Flight test: “Data obtained from
B-29 radio operator logs and
through interrogation of radio oper-
ators after numerous ‘precipitation’
flights revealed a marked decrease
in the intensity and amount of pre-
cipitation static with the new in-
sulated fittings in relation to mis-
sions flown in aircraft not equpped
with these fittings.”

“Insulated antenna systems per-
mitted B-29 radio operators to
maintain  contact when flying
through haze, between cloud layers,
and through clouds. These contact
improvements are usually not pos-
sible on polar flights with the ex-
posed type antenna assembly.”

Summing up: “Insulated antenna
fittings are easier to install than the
present equipment.

“Insulated antenna fittings are of
satisfactory design and superior to
components of (exposed type) an-
tenna assembly from an installation,
maintenance, and operational stand-
point.

“Insulated antenna fittings reduce
precipitation static an appreciable
amount when flying in all kinds of
‘weather’.”

New Problems

WORLD'S

Mtﬁﬂm 0‘60“4 fl v

In every type of two-way radio communications literally millions of
Midland crystals are proving that Midland’s combination of
scientific skill and finest production facilities pays out in better

crystal performance.

How did Midland become the world’s largest producer of radio frequency
control units? Through the merit of a consistently better product.
This is the result of Midland quality control—exacting inspection and
test procedures, including precise angular control by X-ray—
through every step of processing. [t starts with selection of only the
finest raw quartz; proceeds through slicing, lapping, etching, and

final sealing.

That's why your Midland crystal is invariably a masterpiece of
stability, acccuracy, high cutput, and long life—a crystal you can

depend on under roughest conditions. B

W Mg%wmﬂ W‘M

MANUFACTURING COMPANY,
3155 Fiberglos Rood .

INC.

Kansas Citly, Kansas

LARGEST PRODUCER OF QUARTIZ CRYSTALS

But how about the new flying
problems? Flush antennas are being
worked on, but may bring their own
problems. The effect of static in-
creases as the cube of the speed, at
least up to 350 mph. What happens

For broadeast studio master control und monitor switching of
telegraph

audio and video circuits intercoms
. computers . . . many other applications.

S Extreme flexibility. Fast and quiet switching

at supersonic speeds? Bubble-type
canopies generate precipitation static
in much the same way that a comb
rubbed on flannel produces an elec-
trostatic effect. What can be done
about this?

The solutions to these and other
problems remain to be solved. But
they are being worked on, at NRL,
as well as at other military research
laboratories.

crosshar

For details of
this truly

sUperior SWitCh cuits in  horizontal plane
write ! to any of ten vertical.
JAMES CUNNINGHAM, SON & (0., Inc. DEPT. T-1 ROCHESTER 8, NEW YORK

with low crosstalk level. Any group of setups
may be held intact while sefting up others.
Provision for spot or remote control.

ESTABLISHED 1838

Model T0X10

Connects any of ten cir-
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Aircraft fire detection apparatus
needs that. Here is the Mycalex
glass-bonded mica part that has it.

Mycalex 410 molded with
steel ring inserts for thermo-
coupling device produced by
Thomas A, Edison, lInc.

@ For permanent endurance Mycalex
can take 650°F. continuously without
heat distortion or any other injury.

Mycalex is superior for high voltage,
high frequency components that must

operate in small spaces.

For example, tube sockets like these
— now used in over 60% of all televi-
sion receiver tuners, — Manufactured
and sold by Mycalex Tube Socket
Corporation, Clifton, N. J.

If your insulation must take heat or
get rid of heat, investigate Mycalex!

WRITE FOR ENGINEERING DATA BOOK

2 8 & 0 ¢ ® 0 & 65 6 8 B PO

FYHE INSULATOR

MYCALEX CORPORATION of AMERICA

World's Largest Manufacturer of Glass-bonded Mica Products
Executive Dffices: 30 Rockefeller Plaza, New York 20, N.Y.

GENERAL OFFICES AND PLANT
112 GCLIFTON BOULEVARD, CLIFTON, NEW JERSEY
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3-D SYSTEMS

(Continued from page 67)

preparing to equip 5000 theatres
with Cinemascope.

Paramount has come up with a
wide-screen lens system which pro-
jects standard 2-D films on a screen
1.66 as wide as it is high. The curve
is greater than that used with Cine-
mascope, but its aspect ratio of 1.66
is less than Cinemascope’s approxi-
mately 2.5. The chief advantage of
the Paramount system—an economic
one—is that the present inventory
of $325,000,000 of standard films
could be shown in depth by simply
attaching a lens to an ordinary pro-
jector, and installing a concave
screen,

Another approach is called Todd-
AO, being handled by a new firm
called Magna Theatres Corp., using
a lens produced by American Optical
Co. It employs a single 65-mm film
to carry the wide pictures, and was
conceived by Michael Todd. Years
ago a 70-mm strip was used in the
original Fox Grandeur technique.

One important problem in all
three-dimensional systems is the
need for more light. In stereo, the
polarized glasses cut observed
brightness; in wide-screen, the large
projected area is the cause. Several
approaches are being explored to
raise the standard 15000 to 18,000
lumens to about 28,000 lumens. One
is a new high-current lamp operat-
ing at 135 amps, 70 volts. The 10-mm
carbon electrodes burn out in about
20 minutes compared to the standard
1 or 2 hours. Other avenues are di-
rective screens coated with thou-
sands of tiny ‘“lenses” which direct
light at the audience; larger projec-
tor lens openings; infra-red passing
mirrors; and better cooling systems.

Three-Dimensional Sound

Recognizing that depth in vision
should be combined with depth in
sound, 3-D motion picture producers
have incorporated stereophonic
sound systems in their projection
set-ups. Cinerama employs a Reeves
sound system with eight speakers
mounted around the theatre to per-
mit the sound source to move with
the action. These speakers are fed
by six sound tracks on a single strip
of magnetic film, which was origi-
nally recorded by six strategically
located microphones. Cinemascope
uses three speakers fed by three
sound tracks on film. Also, Warner-
Phonic sound has come up with a
multi-track arrangement that uses
25 speakers and four magnetic sound
tracks.

The big rush into 3-D films has

been stimulated to some extent by
the inroads made by TV in attracting
the public’s entertainment attention.
In what has been described as a
counter-counterattack, several TV
interests are developing means for
getting 3-D on the TV picture screen.

RCA and Dumont Labs. are among
the large TV firms who have devel-
oped Stereo TV for medical and in-
dustrial use. A double TV camera is
employed to produce two images on
two separate kinescopes. These are
polarized in mutually perpendicular
planes and superposed optically by
a semi-reflecting mirror. When
viewed through Polaroid spectacles,
the double image produces a sterec
picture,

Siereo TV Sysiem

In TV broadcasting, American
Television, Inc., under the direction
of U. A. Sanabria, has come out with
a stereo TV system which requires a
“synchronous lorgnette” similar to
the shutter arrangement described
before. The cylindrical viewing de-
vice mounted on a stand contains a
motor and rotating shutters for each
eye that open and close 15 times per
second to match the frame rate. At
this speed, flicker is encountered. At
the studio, an electronic switch al-
ternately selects the outputs of two
adjacent TV cameras. More work is
required on this system, but the
basic idea appears promising.

An extremely simple stereo TV
technique was recently introduced
on KSL-TV, Salt Lake City, by a
photographer who arranged to have
his pair of stereoscopic photos picked
up by the regular studio TV camera.
In their homes, viewers were told
to look at the nearly similar side-by-
side pictures through two mailing
tubes (one for each eye), or to ar-
range a cardboard separator so that
each eye saw only its own side of
the screen, About 509 of the viewers
were able to obtain satisfactory 3-D
effects. Some were able to see ster-
eoscopically even without tubes by
paralleling their eyes with distant
focus.

Separaior Methed Varialion

A variation of this separator
method for industrial use employs
two adjacent TV cameras. Simul-
taneously, each one produces an
image on half of the picture tube.

Milton L. Gunzburg, President of
Natural Vision, is working on a 3-D
TV system which will not require
glasses. He has tried it successfully,
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YES, we do mean any tolerances that
can be produced in steel.

For example:

Two of these 14" Mycalex 400 discs
revolve with only .004” clearance.

Dimensionally stable, too, Mycalex
stays accurate.

Chatter-Less
Brush Holder

o

Plate Assembly
for PA Timer

Threaded
Coil Form

Coaxial Bushing

Mycalex glass-bonded mica is found
in HIGH PRECISION electrical
components.

WRITE FOR ENGINEERING DATA BOOK

$ ¢ & & 2 & @ & G 0 ¢ ¥ 9 & O

MYCALEX CORPORATION of AMERICA

World's Largest Manufacturer of Glass-bonded Mica Products
Executive Olfices: 30 Rockeleller Plaza, New York 20, N.Y,

GENERAL OFFICES AND PLANT
112 CLEFTON BOULEVARD, CLIFTON, NEW JERSEY

but it is fuzzier than systems using
Polaroid lenses. Gunzburg, who says
that 3-D TV will be here before
color, reportedly has a receiver at-
tachment which could sell for about
$15, enabling the set owner to obtain
the 3-D effect.

And bigger and better things are
in the making. Indications are that
sterec and wide screen will eventu-
ally combine, both in motion pictures
and TV, and integrate with stereo-
phonic sound to present realism
never before obtained.

Pilotless Jet Plane
Parachutes at 600 MPH

Some of the heaviest objects ever
dropped at 600 mph are being recovered
successfully by parachute at Holloman
Air Development Center, Alamogordo,
N. M. One example is the Ryan Q-2
pilotless jet target plane, the Firebee
(see April 1953 TELE-TECH & ELEC-
TRONIC INDUSTRIES, p. 155). Top
photo shows drag chute flaring out of

tail shortly after @-2 is released from
mother craft. Next, main canopy is
pulled out. Third photo, drone lands
gently, parachute about to disconnect
automatically. Bottom, nation’s first an-
nounced guided missile of its kind rests
after 600 mph fall, its electronic equip-
ment undamaged by landing impact.
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YES
It's inelastic
® But inserts won't shake loose.

It has high density

@ But permits reduction of over-
all size and weight.

It has no color appeal
® DBut has certain surface finish

interest.

MYCALEX GLASS-BONDED MICA

IS THE ONLY

CERAMOPLASTIC

The only material combining most of
the best properties of ceramics and
plastics, plus some of its own.

GET THE FULL, FRANK STORY

WRITE FOR ENGINEERING DATA BOOK

® 9 ¢ 5 0 @ © © 0 O o 0 0 0 O

MYCALEX CORPORATION of AMERICA
World's Largest Manufacturer of Glass-bonded Mica Producls
Execative Offices: 30 Rockefeller Plaza, New York 20, N.Y,

GENERAL OFFICES AND PLANT
112 GLIFTON BOULEVARD, CLIFTGN, WEW JERSEY
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Write to Personnel Dlrecror,

'MELPAR, INC.

452 Swann Avenue .
“Alexandria, Virginia :
or IO Poi"l'er Sf Cambrldge. Mass :

for lacings that stay put!

(GUDELACE

BRAIDED NYLON LACING TAPE

Style 18 (Medium),
500 yd. spools,
black or natural.

® Ties easter,ﬁﬁs tlghte«?aﬂd cuts do
Gﬁ”sllppmgm‘ knots '

Write for FREE

L Rl GUDEBROD BROS. SILK CO.,

Electronics Division Dept. B.
Main Office: 12 South 12th Street, Philadelphia 7, Pa.

225 West 34th Street, New York 1, N.Y.

INC.

*Patent Pending.

Military Multimeter
(Continued from page 84)

the upper two ranges of resistance

measurement. ’

The simplicity of circuit design is
apparent from the schematic dia-
gram shown as Fig. 5. Only 21 ac-
curate fixed rcsistors are employed,
in addition to the indicating meter
and its rectifier unit, the ochmmeter
adjusting variable resistor, and the
batteries,

One of the most interesting fea-
tures of design of the multimeter is
the adaptation of printed cireuitry
to this type of equipment. As will be
seen from Fig. 6, an etched pattern
has been produced from a copper
foil laminate, This pattern includes
not only the conductive pattern
which is functionally equivalent to
conventional hook-up wiring, but
also the stator of the function and
range selector switch. The rotor and
detent mechanism for the switch is
fastened direetly to the printed cir-
cuit pattern laminate to complete
the switch and wiring assembly.
In addition the printed circuit pat-
tern laminate serves as a mounting
board for all 21 of the fixed resistors,
for the wvariable resistor, for the
rectifier unit and for the battery
mounting board, as Fig. 7 shows.
The test leads are also permanently
attached directly to this board. Full
advantage of the possibilities offered
by the printed wiring technique has
been taken in limiting the number of
conventional wires to only five flex-
ible leads. Two of these connect the
meter to the printed circuit pattern
and the remaining three connect the
battery terminal contacts to the
printed pattern. Battery contact
springs are fabricated from ber-
rylium copper strip. Further econ-
omy in production of this test set
should result from the use of molded
thermosetting high impact resistant
plastic rather than metals for the
control panel, as well as the case and
its cover. The entire printed circuit
assembly, which contains all circuit
elements except the meter, attaches
to the rear of the recessed control
panel. The meter is fastened directly
to the control panel. This entire as-
sembly fits into the box to be re-
tained by machine screws, and the
gasketed cover with its two spring
latches provides a watertight seal,
when in place.

The complete equipment, which
weighs about two pounds, is of such
rugged design as to enable it to
survive being dropped upon hard
ground or a floor from a height as
great as three feet. Improvement in
reliability of the electrical perform-
ance over that normally expected
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ol a sensitive multimeter utilizing
a ruggedized and sealed meter, can
be expected to result from the use
of a newly developed overload pro-
tection device supplied as an integral
part of the indicating meter. An
overload which would ordinarily
cause permanent damage to the
meter is prevented by two tiny cir-
cuit breakers at either end of the
scale. The force of the pointer
striking against this device breaks
the meter circuit by opening a pair
of contact points in the circuit of the
moving coil. These contact points,
ordinarily held together by spring
pressure, are held open by a tiny
permanent magnet after an over-
load occurs. A turn of 360° on the
zero adjust screw of the meter re-
turns the points to the closed circuit
position.

Temperature Eifect

The effect of temperature on the
accuracy of the test set, of great im-
portance to the using service organ-
izations because of intended outdoor
use in all climates, has been held to
a minimum by use of a carbon com-
position compensating resistor - to
correct for the thermal effect on the
copper coil in the meter, this coil

A BEACON LAMP
JUST FAILED!

the new H. & P. Avtomatic Alarm
r Tower Lighting

)

AND THE WARNIN(
GOES STRAIGHT TO
CENTRAL CONTROL

FCC REGULATIONS REQUIRE eicher 2

daily inspection of all tower lights
— ot the installation of a dependable
automatic alarm system to signal
light failures. FCC also requires the
immediate reporting of all light
failures. With stations in difficult
terrain, a daily light inspection by
personne] is costly. And full com-

pliance is nearly impossible: 24 hours
could elapse before discovering a
light failure!

HUGHEY & PHILLIPS Automatic Alarm
System pays foritself in a few months
because personnel inspection costs
are virtually eliminated. FCC com-
pliance is assured because all light
failures are immediately recorded at
the control station.

HUGHEY & PHILLIPS

Tower Lighting Division

being the only appreciably tempera-
ture sensitive element in the dc cir-
cuits. This resistor has been made an
integral part of the meter. Design of
the ac voltmeter circuit is such that
the effect of temperature on the cop-
per oxide rectifiers is of minor im-
portance to overall accuracy, be-
cause of the relatively large multi-
plying resistance value employed on
even the lowest range.

It is anticipated that the advan-
tages offered by the new multimeter
in operating convenience, in simpli-
fled maintenance procedures, and in
production economy, will make the
new test set a welcome addition to
the line of military test equipment
now in use, and that a gradual re-
placement of multimeters of con-
ventional design will take place.

A PACKAGED UNIT—The inexpen-
sive H. & P. system is packaged
in a single streamlined housing,
and is designed for easy instal-

lation and maintenance.

WHAT IT WILL DO—1t triggers an
alarm signal, via micro-wave, in
the event of any light failures. It
indicates location, and whether
Beacon or obstruction lights (or

both) have failed. Also signals
power failures in the antenna
lighting circuit. Write for com-
plete information, and name of Encino, Calif.
nearest distributor.

LEADERSHIP IN THE FIELD OF TOWER LIGHTING EGUIPMENE

VERSATILE FILM

¢ ¢ ¢ fans and blowers tailor made
and custom fitted to meet your cool-
ing requirements,

Air Marine ingenuity of design and
highly trained staff guarantees a prod-
uct of superior engineering, output,
ruggedness and durability,

Ask for catalog #3553

‘ . (AN

Du Pont’s “Mylar” poliyester film is finding 4 -

an increasing number of tape appiitations, These A 7

include recording, industrial wrapping and elec- -~ 1~ F

trical insulatien. 14 requires no plasticizer, and

has great dimensional stability
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meeting |
Military and Manufacturing
Needs with DEFLECTION YOKES

and
ELECTRONIC
COMPONENTS

PRIME and SUB-CONTRACTORS are
invited . . . to send specifications
for quotation, or for information on
our facilities.

Our new, enlarged plant enables
us to add customers who need
deflection yokes or other elec-
tronic components for military and
manufacturing operations.

We invite your inquiries.

TLRd WY, Co, Ine.

RADIO and TELEVISION COMPONENTS
7 Madison Street, Fennimore, Wisconsin

PHONES: Office 270 — Purchasing Dept. 271

2 ways G-E lamps help make
products safer, easier to use

1. FLASH WARNING SIGNALS 2. INDICATE LIVE CIRCUITS

With a little G-E indicator lamp, operators can
tell at a glance whether electronic equipment is
operating correctly.

General Hlectric filament and neon glow lampas
on cputrol panels quickly indicate “‘trouble spots®
in circuit operations,

LITTLE spot of light can go a long way toward improving electronic
devices. Above are two examples. They show how General Electric
lamp bulbs add extra safety and convenience. Chances are, small G-E lamps
can make your product better, too. More than 480 tests and inspections in-
sure their quality. For more information, write to Lamp Division, General
Electric Company, Department 166-TT-5, Cleveland 12, Ohio.

GENERAL@D ELECTRIC
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Maintenance Problems
(Continved from page 89)

- sure internally to avoid corona and

high-voltage breakdowns, or must
be water immersion proof, the man-
ner of sealing is always a problem
and must be given very careful con-
sideration. This is true because the
seal must be broken during removal
of the equipment from its case for
servicing and remade again for re-
turn of the equipment to active serv-
ice. Any accidental mechanical dis-
figurations such as dents occurring
on the sealing surfaces while the
equipment is out of its case may
prevent successful resealing.

The ultimate goal of the military
services, brought nearer to realiza-
tion through the development of the
transistor, is an airborne equipment
which will operate, say, at least 2000
hours without any maintenance
whatsoever. In terms of operational
usage, this is a period of at least
several years, usually. With such
trouble-free performance, it may be
economically feasible to discard the
whole equipment at the end of its
useful life. Such an equipment could
be truly hermetically sealed and the
seal never broken. Or, at the end of
2000 hours operation, units or parts
which are subject to mechanical or
electrical wear, deterioration or ag-
ing, could be replaced, and the
equipment made suitable for an-
other 2000 hours operation without
any interim attention.

Such a goal reguires higher than
present quality in many component
items and may be in the rather dis-
tant future. However, if higher qual-
ity components to meet these re-
quirements were wmanufacturable,
even high cost could not offset the
advantages to be gained by eliminat-
ing all maintenance requirements.
During wartime in particular, re-
ducing the necessity for highly-
trained  maintenance  personnel
would be a revolutionary boon to
the military services.

Whether or not the goal of no
maintenance can be achieved, the
military services will continue,
through engineering design, to sim-
plify maintenance and servicing,
with the greatest emphasis being
placed on front line activities where
the urgency is greatest and speed is
of utmost importance,

Quariz Crystal Polishing

J. H. Tashof, president of Precision
Products Inc., 719 Seventh St., N. W,
Washington 1, D, €. announces the
availability of a new gquartz crystal
polishing and grinding service. The
firm previously specialized in the man-
ufacture of precision optical elements
such as lenses, prisms, reticles, etc.
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AFC Circnit Design

(Continued from page 97)
dicates the sensitivity to noise. The
curve must start at unity to track
the desired sync signal, but the peak
is highly undesirable. This peak is
characteristic of servo systems, and
designing an over-damped system
will have little improvement. The
peak indicates the frequency at
which noise will have its greatest
effect. The noise will cause the phase
of the controlled oscillator to jitter
iilf;etggaérequency corresponding o o MR . Ripple Only 3% qat Full Load

The steady-state error response is st e N | PEFERIE  Comclelely variable output makes it possible
shown in Fig. 3. It indicates the T N ‘w Elec'ro RRE
error between the phase of the sync e . . , ‘
signal and the controlled oscillator c Power Supply condition. Provides liltered adjustable DC
when the phase of the incoming il voltage for testing and servicing 12 wvolt and
sync signal changes according to a | Mcdel c 12 6 volt auto radios from AC lines. Operates
sine wave, The curve is obtained by ‘
the same process as used to obtain = . T C
the steady-state frequency response, '--1'6 Vo‘l'fs"for"O' 8]
except that Eq. (1) is used as the
fundamental equatlon instead of
Eq. (2).

The curve starts at zero and goes | to 12 Ampere
to 110% error at the triple-pole lo- 9 I‘ntermlﬂenlly 3 Another Better-Than-Rated EPL Product!
cation. This portion can be approxi- ' :
mated by a straight line from the
origin to 1009 at the pole location.
This servo system does not attempt
to track any but low-~frequency
changes,

When the synchronizing informa-
tion changes phase rapidly, this type
of servo will not prove satisfactory.
A servo that approximates a zero-
acceleration-error servo must be
used. For TV applications, the zero-

to test equipment under any voltage input

electronic equipment used on trucks, tanks
and other mobile units and low vollage de-

‘ - vices. Utilizes Superior Powerstat Voliage
Amperes Contm- :

ous. Ouiput.

Control (Medel 10) for extremely fine voliage

agdjustments.

Write for Complete Information

ELECTRO PRODUCTS LABORATORIES

4501-Tf North Ravenswood Ave., Chicago 40, |
CANADA: ATLAS RADIO CORP., LTD., Torento, Oni,

velocity-error servo has proved sat-

isfactory, and the zero-acceleration- : SERIES

error servo has not been investigated b

nor used to date. The latter can only RACKS y PAR'METAI.

b.e approximated by adding an addi- 18 Deep, 22 Wide

tional integrating device (1/s), or

possibly by multiple loops. When the offer you the greatest dollar-for-dollar '
zero-velocity-error servo is used, no value in the industry today! 5 < .
theoretical improvement can be Because only in the ER-225 will you find _M ULTIRACKS
made by using more complicated these unique features: ;5';:;585?;;3,,?;,‘;’”33
filters. v Standard 43%”, 67%", and 83%'" heights. as shown above.

SHELYES available.

Also ROLLER TRUCKS
available for single racks
or “Multiracks”,

w» New ribbed design corner trims, with new
quick FRONT detachable fastenings.

v The door is stamped from one piece of
steel and reinforced — with formed, clean,

Transieni Responses

In the design of the AFC circuit, smooth, double thick edges. NO INCREASE IN CQST!
there are several transient responses |  “Multiracks” available with closed or open The ER-225 is priied to
0 . . ; ; ; to- iri ith racks not
which must be investigated. These intermediate sides for rack-to-rack wiring. compete with
X s . L , . having the equivalent fea-
consist of a step—of-phase and linear v# Streamlined modern design; beautiful finish. tures. Beyond doubt — if's
change of phase. The step-of-phase Planning an electronic product? Consult Par-Metal for “‘1!’? industry’s greatest
vajue.
response of the system indicates the RAC KS o ( ABIN ETS The ER.225 Rack o ysed
operation when the circuit is operat- -by the American Communi-
, . L] .
ing normany and dnfts out of phase c H A S S IS PA N EI-S cahons Corp‘, N‘Y. C.13.
because of a temporary loss of syne Remember, Par-Metal equipment is made by i
. electronic specialists, not iust a sheet metal shop.
signal. The response can be deter-
mined from the following equation: W &f
3P%(s + P/3). (25)

I CESOE Elecnonic s PRODU(TS,CORPORATION’
i i 'kl ; TPRR\Y f— 2:62-—= 49th ST., LONG ISLAND: CITY- 3; N. Y ]
The solution is SW W Lo Tels A5|0r|u88905 :
b, =1 —-|—— (P2 - Pt — 1) e Pt (26) Exporf Dept Rocke International Corp -

{(Continued on page 150) WRITE FOR [ATAIOG 13 East 40 5"’”* New Xerk 16,
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.\ nn'o- unces’

KE ior '2' -'_TUB ES

It’s Engineered for
TOP PERFORMANCE
... in Production NOW!

This new DX 90° Deflection Yoke has
everything a television receiver manufac-
turer wants . . ., a sharp full-screen focus,
a minimum of pincushioning, the ultimate
in compactness and a price that’s down-
right attractive. Because this yoke has been
brilliantly designed for mass production on
DX’s specialized equipment, it warrants
immediate consideration in your 27" re
ceiver plans. Write us today.

DEFLECTION YOKES...TOROID COILS ... CRYSTALS
1. F. TRANSFORMERS . . . R. F. COILS . . . DISCRIMINATORS
SPEAKERS . . ., TV TUNERS . . . ION TRAPS . . . TRANSFORMERS

DX RADIO PRODUCTS CO.

GENERAL OFFICES: 2300 W. ARMITAGE AVE., CHICAGO 47, ILL.

Services Rendered by the Publishers of

TELE-TECH

& ELECTRONIC INDUSTRIES

. - . " TELE-TECH*—Monthly engineering magazine
Publishing services to the  of i EiccronicTV-Radio mdustries, Widely
recognized for its technical excellence. Edited

5 -bi“ion dollar Elec- for top-leve! engineers and engineering ex-

ecutives. Largest engineering audience in

tronic-TV-Radio industries  desion and monufociure.
by Caldwe" - CIemenfs’ TELEVISION RETA_ILING—Monlth magazine

of sales ugd service, devoled to TV, radio,

. - records and appliances. Includes MART Sec-

|nC., consist malnly Of en- tion, with latest prices in appliance, TV and
. . . . . radie fields; alse TV-Electronic Technicien,
glnee"ng Clnd dlerEbUhon monthly supplement for service technicians,
containing circuit digests and schematics

covering large groups of latest models cur-

mGQGZIneS and Coordl' rently reaching the trade,

aned services. MANUALS—Special service to defense in-
dustries. Writing, illustrating ond/or printing
of technicaf manuals, instruction books, etc.
] Technically-trained staff, familiar with Army-
EH;] : Navy-Air Force requirements. [(Caldwell-
—_— Clements Manuals Corp.)
Member, Controlled Circulation Audit, Inc.
DIRECT MAIL—Special meiling service for

advertisers desiring to supplement or intensify
*Reg. U. 5. Pat. Off. their space advertising in Tele-Tech.

CALDWELL-CLEMENTS, INC.
480 Lexington Ave., New York 17, N. Y. Telephone Plaza 9-7880

The response curve is shown in Fig.
4. The important features of Fig. 4
are the time of the response and the
fact that it overshoots.

The second transient response to
consider is the response for a step
change in frequency or a linear
phase change. This transient indi-
cates the response of the system
when the frequency of the sync in-
formation is suddenly changed. The
response is shown in Fig. 5. These
curves are accurate provided the
phase error does not become greater
than one-half of the flyback time;
at that point, the phase detector is
not linear with the phase error. The
maximum rate of change that can
be followed is a function of the
triple-pole location and can be de-
termined from Fig. 5. This curve
was obtained by solving the follow-
ing equation:

~ 3NP2(s+4-P/3)
% = s (s 4+ P)¢
where N is a proportionality or sen-
sitivity constant. The result is
%o = Nt — Nt (Pt + 1)eFt, (28}

The effect of the approximation
that the gain is very large becomes
apparent in Fig. 5. As shown, the
error approaches zero after sufficient
time. This is not true in a practica!
circuit because it does approach a
constant fixed error determined by
the dc gain. The static phase error
has been fixed, and the required de
gain was determined from Eq. (13).

The final transient response to
consider is the characteristic re-
sponse of the servo to a spike input
as shown in Fig. 6. The effect is the
same as that of a single synchroniz-
ing pulse when multiplied by a fac-
tor to obtain the correct magnitude.
The magnitude is determined as fol-

lows:

M = (¢, — ¢,) /F
where M is the magnitude factor
and F is the repetition frequency.
The equation used to obtain the
characteristics transient is:

3MP2(s - P/3) (30)
(s+P)?
and that for the response,
o, — MP2t(3 — Pt)e®t. (31)

The effect of the single spike is to
cause the phase to shift, the final re-
sult being without error. The graph
indicates a slightly oscillatory nature,
but Eqg. (31) shows that there are
no trigonometric terms in the re-
sponse, and the zero value is caused
by the zero in the loop. There is a
delay before the main influence of
the spike is felt. As the bandwidth of
the system is decreased, the delay is
increased; however, the magnitude
is decreased. This curve can be used
to indicate the effect of isolated
noise spikes or an error caused by

(27}

Py =
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the vertical block in systems using
an unbalanced phase detector.

The characteristic transient also
affects the pull-in operation. When
the system is not in synchronism,
the sync pulse will ride up and
down on the sawtooth. If both sig-
nals (the oscillator and the sync in-
formation) remain constant in fre-
quency, the net output over a com-
plete cycle of the beat [requency
would be zero. The forces which are
to pull the system into synchronism
must take effect within a cycle of the
beat frequency and leave a residual
influence after the cycle.

Pull-In Range

A method for determining the ap-
proximate pull-in range of the sys-
tem can be found by assuming that
the system is linear and that the
beat frequency between the oscilla-
tor and the incoming signal is a
phase variation of the incoming sig-
nal with the system in synchronism.
There is an approximation that the
harmonics in the sawtooth waveform
have negligible influence. Since the
system is considered in synchronism
and linear, the equations for the
steady-state frequency response are
valid. The approximations are of the
same order of magnitude as the pre-
vious approximations because simi-
lar voltages can be developed in the
phase detector by variations in phase
or by not being in synchronism. The
difference between the two signals
is the actual position of the pulse on

Ci
I
Re R
HAAN————0
R |
INPUT R2 = —_— QUTPUT
Co C3
Lo o]

Fig. 9: Circuit of the alternate filter

the sawtooth. At one frequency, the

output will lag the input by 90°

This frequency can be determined

from Eq. (23). The resulting equa-

tion is

arc tan 3w/P — 3 arc tan /P = 90°.
(32)

At this frequency, there is no effect
upon the operating frequency after
one complete cycle in the steady-
state condition because there is a 90°
shift between the input and output
phase. At frequencies higher than
this, the phase angle between input
and output must be greater than 90°
as shown in Eq. (32). After one
cycle of the beat frequency, the re-
sulting tendency will be such that
the phase angle will increase by
(Continued on page 152)

Complete, Competent

AND ANTENNA
ERECTION SERVICE

e HERE'S WHY YOU SHOULD CALL| E. T.S. !
E * EXPERIENCE-—ETS has years of experience in the tower

erection field. Their record includes the erection and
§ installation of all type AM, FM, TV, micro-wave,
‘ ; e and communicafion towers of all kinds . . . through
T ‘ the Unifed States . . . large jobs and small jobs
. . all handied with skili and satisfaction.
*EQUIPMENT—ETS has a complete line of equipment
] i to handle your job, manned by skilled workmen
ol with proper engineer supervision. This assures you
i satisfaction, speed, and highest quality werkman-
L | : ship.
gt Y DEPENDABILITY—ETS has an envioble record of de-
g ' pendability. The ability to handle every detail of a

LY

T { e ; job from planning to final completion including an-

| i tenna mounting and coaxial cable installation is
,__1 extremely desirable from your standpoint.

For full details and information on the spot—
See Stan Bernstein at the

NARTB Show
Call Hotel Biltmore anytime April 28-May 1

Tower installation iliustrated here is station WSAU, Wausayu, Wisconsin

EI.EC'I'RICAI. TOWER SERVICE, INC.

P. 0. BOX 1205 — PEORIA, ILL. — PHONE: PEORIA 3-9B846

Installation ond erection of all type lfowers—No finer service available
—anywhere.

\ 7

MILITARY COMPONENTS T0 NO. 1020 B NO. 1010

SPECIFICATIONS MIL-T-27 & ANE-19 DI\I‘lREEGéJTHI\grEdAEglEr:IG coggi&DRégoN
AND EDMMERCIAL TYPES Self-contained and A.C. Self-contained and A.G.
Pulse Transformers operated with electron- eperated. Fer rapid
Filter Reactors ically regulated sup- and accurate test of
Charging Reactors Pliion megonms. = | Sesieuetaronensers
Saturable Reactors :
Toroid Inductors OTHER FREED INSTRUMENTS
Low Pass Filters
High Pass Filters NO. 1030 Low Frequency Q. Indicator
Band Pass Filters NO. 1110A Incremental Inductance
Discriminators Bridge
Flate Transformers NO.1150 Universal Bridge
Filament Transformers NO. 1170 D.C. Supply
Vibrator Transformers NO. 1210 Null Detector and Vacuum
Input Transformers Tube Voltmeter
Bnt.erstaTge T;ansformers NO.1140 Null Detector Amplifier
Oa't"p"u’t T’fa“nssf“orr"r‘nee’rss NO.1040 A.C.—V.T. Voltmeter
Modulatiun Transformers NO. 1250 Decade Condenser
Blocking Oscillator Transformers NO. 1410 Harmonic Distortion Meter
Band Elimination Filters and Decade Inductors

SEND FOR COMPLETE CATALOG DESCRIBING ALL FREED INSTRUMENTS AND TRANSFORMERS

FREED TRANSFORMER CO., INC.

1726 WEIRFIELD ST., BROOKLYN (RIDGEWOOD) 27, N. Y.
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BUILD
YOUR OWN

G*’t"hi_ Kl?

: 5395‘0

Heathkics are complewely engincered in-
strments supplicd vnassembled. Uvery
kit goes together smoothly and casily
All deilling, punching, and painting has
already been done {or you. All pares arc
furnished and are of highest quality.

Detailed constructinn manual shows
clearly where cach wire and pare goes
and tells exuetly how to build che kit

Write for free cataloy.

VACUUM TUBE
VOLTMETER Kif

TUBE CHECKER
K1t

5;29255.“ |

KiT

ELIMINATOR

- SIGNAL
zruc,sn KIT

BATTERY

KIT

$24°°

HEATH COMPANY

BENTON HARBOR 24,

MICHIGAN o

EXPORT AGEMWT

ROCKE INTERNATIONAL CORP, [ -'; .

13 Eosp -40th Street
MNEW YORK CITY (186}

Now you ean readily design your Electronic Equipment
for unluzed PLUG-IN UNIT CONSTRUCTION

New free Alden Handbook simplifies plug-in
unit design, Presents complete line of basic
components of tremendous flexibility for
adapting your equipment to plug-in construc-
tion.

Unitize gour circuitry in compaet vertical
planes using Aldern Terminal Card Mountlng

System.
+ EL;L_@ © 0O, % =

MPER STRIP

PRE-PUNCHED YOUR
TERM. + M'INIATURE+ liminaces wiring *CA}RD -MTG. _COMPLETED
MTG. CARD for SOCKETS

common cirauts = CIRCUITS

You can use Alden Terminal Mounting Card with Alden Minjature Ter-
minals, Jumper Strip and Sockers staked to accommodate any circuitry —
making complete units ready for housing. Componenrs soap into upique
Alden Terminals, are held ready for sol cnng

2

Make your circutts neat accessible plug-in
units by mounting in Alden “20” Package or
Basie¢ Chassis.
ALDEN

ALDEN BASIC
CHASSIS
Alden components provide standerd plug-in or slide-in housiogs — with

spares, your circuits become urits replaceahle in 30 seconds.

Monitor your plug-in units with ALDEN SENS-
ING ELEMENTS that spot trouble instantly.

MINIATURE MINIATURE
MINIATURE INDICATING = INDICATING
TEST JACK FUSE HOLDER =, LIGHT

sible check points with Alden Unit Cable and
Back Tonnectors.

BACK CONNECTORS & UNIT CABLE
Alden Back Coancetors give acceasible color coded
check poiat for all incomiag and outgoing chassis
leads. Can be built into Unit Cables tbat inter-
connect berween chassis and are instantly replace-
able with spares. R

4 Get fool-proof unit interconnections and acces-

REQUEST FREE
ALDEN
HANDBOOK"
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Get instant voltage checks
from front of your equipment

ALDEN MINIATURE
TEST POINT JACK

FITS ANYWHERE
TAKES UF TO 8,000 V.

. T JACK TO
STANDARDIZE ON

For a front panel test point of any critical
voltage in your equipment, use this Alden
Miniature insulated Jack. Standacrd on major
Gov't. contracts and equipments. Soldered in
“nothing flat,” it takes very little space, can ba
located in any accessible place — all you need
is a 4" hole, yet stands up to 8,000 V. breaks
down test,

Special punch press beryllium copp.er
contact — retains live action over thousands
of insertions — has generous solder tab with
wire hole for rapid, fool-proof soldering.

Insulation: available with phenolic insulation
for low water absorption, high heat resistance
and excellent aging characteristics, in red,
black, brown (MIL-P-MA) and blue, green,
tan colors. Also available with nylon insula-
tion in brilliant black, red, white, orange, blue,
yellow colors.

Send for Laborutory Work Kit #9 cone
toining 27 Jacks and 1 Test Prod. $5.00.

increasing the beat frequency or the
frequency difference. This is caused
by the synchronizing information
being delayed too long in the filter
and arriving at the oscillator after a
quarter cycle has passed. The result
is a negative in-phase component
which remains after a complete
cycle, thus tending to increase the
frequency difference. For frequen-
cies lower than the ecritical fre-
quency, the tendency will be for the
oscillator to be in phase with the
beat or, in other words, an in-phase
component will remain. This in-
phase component will tend to reduce
the frequency difTference for the next
cycle. The result will be cumulative,
and the system will pull itself into
synchronism. The 90° frequency is
the critical frequency for the system
to pull itself into synchronism.

At first, it might seem that the
pull-in time could be determined by
applying the formula for a linear
phase change (step of frequency).
This is not true because the pull-in
operation is over the nonlinear por-
tion of the phase detector and the
system may slip a number of cycles.
The time calculated would be the
minimum. The pull-in time is usu-
ally the last consideration because
it is important only at transient con-
ditions, and the other factors deter-
mine the operation at all times.

Synithesis of the Filter

The next problem is to synthesize
a filter having the proper pole and
zero locations for use in the system.
A network having these characteris-
tics is shown in Fig. 7. The nu-
merical work can be simplified by
making R, large. Simple analysis
will show the following to be cor-
rect when R, is large.

z=1/R,C,, (33)
A=1/R,C,, and (34)
B=1/R,C,. (35)

The pole and zero locations required
in the filter can be determined from

Eq. (18), (20), and (22). The re-
sults are
z=P/3 (36)
A=P?/3K, and (37)
B =3P. (38)

When this filter was used with a
practical phase detector, it had to be
modified for two reasons: one was
the circuit configuration and the
other was the operation of the phase
detector. The phase detector is not a
linear device and cannot be repre-
sented accurately as either a current
or a voltage source, Since the diode

(Continued on page 154)
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HY PAY RENT on your echo chamber?
s e REVERBERATION UNIT
now made exclusively in improved
form by Audio Instrument Co., inc.

AN ECHO CHAMBER ON AN 834" x 19”7 PANEL
Simulates reverberation of a room of any size, using a
magnetic tape loop system with FIVE HEADS {Model
40) or SEVEN HEADS (Model 42). Switching heads
produces various special effects, as well as natural rever-
beration.

Compaci: Single 834“ x 19" panel.
Variable equalization: Built-in, for special effects.

Reverberation time: Continuously adjustable.

No pressure pads: Better tape motion, reduced head wear.,
Delivery time: Six weeks.
Model 40: N
598500 F ] 10 INSTRUMENT

COMPANY INC

Pays for itself  Snniniimin —
in 3 to 5 months  Dept. 1. 133 West 14th Street, N. Y. 17, N. V.

safeguard external and internal threaded surfaces.
protect finely finished or laupped rods, tubing, etc.
effectively seal owt dust, dirt, moisture, grit, rust.
re-usable for storage or intra-plunt protection.
serve as [ubricant retainers . ., protect cable leads.
spirally wound to within tolerances of 003 inch.
compressed under heat of fibre, kraft paper or acetate,
formed, crimped or perforated for irregular shapes.
transparent where visibility is necessary or desired.
can be imprinted with manufacturer’s name or part
number,

economical fo use because of their low unit cost.

@86 88

@6 ¢ e o000 S S

®

Add uvp dll these advantages in-
herent in Precision Thread Pro-
tectors, Consider their practical
value in offering definite protec-
tion, shipping and hendling con-
venience, ready identification. It
will pay you to investigate the
many functional appiications Pre-
cision Proteciors have for your
products.

Write today for full details.

PRECISION PAPER TUBE CO.

2057 W. Charleston Si. Chicago 47 Nlineis

Plant No. 2 — 7% Chapel Streef; Hartford, Cenmecticut
Also Mfrs. of PRECISION Coil Bobbins and Paper Tubes,

TELE-TECH & ELECTRONIC INDUSTRIES ¢ May 1953

TEE_HNIE INE

ﬂnahles you tu dn

GOI.D pumne

_' wﬂh sclen'llflc aecuraey,

With gold plating methods developed by Technic
Inc., you can now achieve accurate control of
quality, evcnness, thickness, color, and hardness
of gold deposits. Through cycle plating that is
practically automatic in operation, we have
virtually converted the old art of plating gold to
an exact science.
b

Factors in successful application of our methods
are the absolute stability of quality of our gold
plating solutions and specification of standards
for automatic control of replenishing the bath,
coupled with an automatic timing device which
ensures precision in operation and eliminates
human error.

NS

When you refer plating problems to Technic Inc,,
we solve them hy application of a thorough service
— consisting of specifications for a complete in-
stallation or corrcction of faults in vour present
installation, schedules for solutions and timing,
assignment of an engineer who stays with the job
until your installation is working at full efficiency.

Wrute for

“ELECTROPLATED GOI.D”

'I'echmcal Data Sheet

Without obligation, write for our informative
new Data Sheet which details fully the advanced
Technic Inc. gold plating methods and services
for platers outlined above.

For reference, you will also receive a list of leading
industrial concerns— many with production
problems resembling your own — which rely on
Technic Inc. controlled gold plating installations
to improve production while reducing cost.. -

OQur Controlled Gold Plating methods result in
complete dependability, elimination of waste of
precious mctal, high increasc in production,
better appearance of product — together with
significant reduction in opcrating personncl, re-
jects and all-over costs. Send us your plating
problems for review, or call in a Technic engineer
for consultation. No obligation is involved,

TECHNILE INC.

39G Snow Street, Providence, R.
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1.D.E.A., Inc., is looking for o design engineer.

Someone who would like to make Indicnapolis his

““permanent home—who would like to work for a:young,

forward looking company that is already the leader

in its field. If you are that man, address full information

" _about yourself to: R. A. Morris, Chief Engineer,

LD.E.A,, Inc.,, 7900 Pendleton Pike, Indianapolis 26.

Makers of the Regency VHF Booster, UHF Coriverfer:

and other efedromc devrces

7 " "INDIANAPOLILS,

INDIANA

NOW! GUT COSTS! INCREASE PROFITS!
Save on POTS « TUBES « RESISTORS
Type EB—": WATT 1822 .... 2.00 | 100TH ... 7.95
1824 .... 9.50 | 304TH ... 6.75
Type GB—1 WATT 2C39A .. 27.00 | 394A .... 3.75
Type HB—2 WATTS 2C40 ... 12.50 | 801A .... .35
2€43 ... 17.95|954 ..., .25
Insulated T 2¢51 .... 5.75|955 ...... .35
Carbon 2D21 ....1.35|956 ...... .35
gesifg“ﬁ- 3Q4 ...... 75| 5654 .... 1.98
M R s, 384 ... 75 | 5670 ... 5.50
2%0 ohmi to 5FP7 .... 3.49 | 5687 .... 5.25
MogeeygoBcﬁi- 6AI5 ..., 1.35| 5702 .... ;.gg Carbon
Gucrmtos! 6AKS ..... 65| 5704 .... 2. Potentiometers
Immediate 6AKSW . 1.79| 5705 .... 1.50
Delivery! 6AKS ... .99|5726 ... 2.10| TYPE JU — RATED
8ALS ..., 60| 5744 ... 3.98] AT 2 WATTS. Shafts
6AQ5 .... .50|5763 .... 1.50 yp to 2 7 lon
Type Watt  Toler- 10010 50010 1000 ¥ 6aRs .... 2.75 i:g; ;.;0 :’ s 91 o
6ASTG .. 4.25 ... 225 to5 ....1.
5% .08 075 .07
EB Y 104 o 83; 335 6l6W ... 3.50 | 8013 ... 2504 L Tl 1.05
. : : 65G7W .. 3.75 /8020 .... 1.25 sree B
5% .14 12 11 |65 ..... .75|8025 .... 4500 121024 ... 1.00
GB 1 10% 07 06 055 | 6V6GT ... 75| %9004 ..... .35
. 717A .... 1.75 | 9006 ..... 35Y 95 )
HB 2 5 /0 .18 -16 -16 725A I 5‘95 ELCbJ - 7.50
0% 09 .08 .08 [rovy ...... 35 | ecec ... 13.05] and |
246 .... 1.25 over| e
TREMENDOUS STOCK
LOWEST PRICES
e,sco Corporahon IMMEDIATE DELIVERY
SERVING THE WORLD OF ELECTRONICS. | Write for FREE
366 Broadway, N.Y.C. 13. RE 2-0284 color code sheet
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conducts for a very short period, its
effective impedance is very high.
The circuit can thus be best repre-
sented as a current source.

The circuit used is shown in Fig, 8,
This circuit is only one type of phase
detector which may be used. An-
other basic filter, which is also used
in cominercial practice, is shown in
Fig. 9. The operation of the circuit
used was not only satisfactory but

150°
210°

210°

150° 180°

PLOT OF fgh FUNGTION
240°] 120°
120° 240°
=) POINT,
270° . 90~
ol o I W= 270°
=00 wy [
APPROXIMATIO 1+fgh
3007 60°
601 fgh 300°
w0
330° o 30°
30° 330°
Fig: 10: Open-circuit loop characteristics

performed as predicted from the
theory. The main controlling factor
in the system is R;,. With R, too
small, satisfactory operation cannot
be achieved.

Design Procedure

The design procedure is first te
build and test the oscillator to de-
termine its sensitivity constant. The
type of phase comparator should be
chosen next, and its sensitivity
should be determined by analysis or
measurement. The next step is to
determine the maximum phase error
that can be tolerated with the rela-
tive drift existing between the sync:
source and the controlled oscillator.
The de¢ gain of the system can be
determined from the sensitivity con-
stants and the requirements of the
system. If there is insufficient dec
gain, a direct-coupled amplifier will
be required. The triple-pole location
of the closed loop is chosen next by
assuming the pull-in range or inte-
gration to determine the noise per-
formance. Choosing the triple-pole
location or any time constant will
determine the complete servo sys-
tem but will not determine the im-
pedance of the network. There is
some latitude in choosing the im-
pedance level, but to keep the cal-
culations simple, the value of re-
sistor R, should be much less than
that of R, The values should be-
calculated and the circuit built.

TELE-TECH & ELECTRONIC INDUSTRIES * May 1933
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After construction, the actual gain
of the circuit should be calculated
from the hold-in ranmge. If there is
an appreciable difference between
the theoretical and actual values, the
design should be repeated and the
new values used. Finally, the per-
formance can be tested.

The foregoing completes the the-
ory from the circuit analysis to the
design of a complete AFC system.
The resulting AFC circuit will be
critically damped, and all factors
pertaining to its operation (pull-in
range, hold-in range, steady-state
frequency response, error response,
and various transient responses)
will have been determined.

The analysis described is com-
pletely  analytic, although the
steady-state frequency response and
error response may be determined
graphically. The fgh function is plot-

made r

BENDIX-FRIEZ (i
high-precision thermistors

Whether you use these temperature respon-
sive resistors in standard or special models,
you can be sure of this. They’ll match your
needs for resistance values, size, temperature
coefficient, mountings and quality. Made in
our own plant under carefully controlled
conditions, Bendix-Friez Thermistors know .
no equal. i

STANDARD TYPES FOR IMMEDIATE DELIVERY

ight to work right_

ted on polar—c90rdinate paper and Size (inches) @ +30°C. @ 0°C. @ —30°C.

shows the ratios of the distance _ Used.in this typical application
from the origin to the curve and 140x .75 | 45.0 ohms 86 ohms 194 ohms R
from the — 1 point to the curve. or senfmg'.the lemperatiire of
These distances are used in Eq. (1) 040x 15 12,250 chms | 26,200 ohms | 65,340 chms hydraulie oil.

and (2). The angle between the in-

put and the output can also be deter- 018 x 1.5 35,000 ohms | 82,290 ohms | 229,600 ohms

mined from this graph. Furthermore, Write for details.

the graph shows that the system is -

not critical with respect to the gain FRIEZ INSTRUMENT DIVISION of . .8

in the loop assuring stable opera-
tion under varying conditions. An
approximate drawing of the fgh

1490 Taylor Avenue, BALTIMORE 4, MARYLAND

Export Saies: Bendix International Division

72 Fifth Avenue, New York 11, N. Y.

funetion is shown in Fig. 10.

The fact that the AFC circuit may
be used in either an AM or a FM
television system and that the op-
eration of the sync separator is not
linear prevents the numerical calcu-
lation of phase variations caused by
noise. Therefore, additional informa-
tion on noise is not given. The sys-
tem described herein has been tested
and has given excellent results. The
hold-in and pull-in calculations were
found to be correct. Accurate meas-
urements of the signal-to-noise re-
quirements were not made. How-
ever, the system remained in syn-
chronism when there was no usable
picture and the blanking was almost
imperceptible.

1T, S, George, “Analysis of Synchronizing Sys-
tems for Dot-Interlaced Color Television,” Pro-
ceedings of the IRE, Feb., 1951.

DAMAGE PREVENTION

Insertion of a simple slotted spacer block on
television chassis unifs on (BS-Columbia con-
veyer lines has minimized damage to sefs

TELE-TECH & ELECTRONIC INDUSTRIES * May 1953

ATION EQUIPMENT

s i
Q»?@"éx s%%
.

Line, bridging and power amplifiers for . .
precision-laboratory-audio frequency work. ° -
Also magnetic recording oscillators, pre-

amplifier-equalizers . . . gainsets . . .
volume indicators , . . vumeters ., . . - ~
jacks and strips . .. standard panels . -

. . terminal blocks . . . mounting . "’; writ
frames . . . plug-in chassis . . . relay .’;gr . rie ’
racks . .. and power supplies. o or Complete

fe Catalfog
N. Y. Stock: e

Audio & Videa Products Corp. 730 Fifth Avenue, Plaza 7-3091

CINEMA ENGINEERING COMPANY

1510 WEST VERDUGO AVENUE, BURBANK, CALIFORNIA

Expori Agents: Frozar & Hansen, Ltd.» 301 Clay St.¢ San Froncisco, Calif.,, U.S.A.
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TV
TUBE SALVAGE

in
ONE OPERATION

¥ combination "deckc“ttmg
S and
neck splicing machine

Salvage larger size (24” to 33” and up) cathode
ray picture tubes with the new machine designed
specifically for this purpose. Rejects can be
easily, rapidly returned to the assembly line
with this new versatile machine since all opera-
tions are performed handling the bulb once.
Features of Model 2185 include;
Single head . .. All standard TV tube sizes and shapes
NECK CUTTING

Cuts by the hot-chill method producing a clean, square
cut. Cut-off mechanism adjustable up and down.

NECK SPLICING

Upper Centering Chuck automatically lines up_the
bulb. Lower Centering Chuck moves up and down.

GUN SEALING

Special gun mount pin is avaiiable for this purpose.
Model 2185 is but one of the many machines
designed by Kahle through the past 40 years for
the electronic industry. Where custom machinery
will solve a production problem, call in Kahle or
write now for help with specialized problems.

KAHLE ~ for 4 built-in know-how"’

ahle

ENGINEERING COMPANY''
1312 SEVENTH STREET -
“"NORTH BERGEN, N. J.

Simple Computer
(Continued from page 73)

the use of Simcor in many practical
correlation analyses.

Fig. 5b shows the autocorrelation
function of a sample of the random
time function given in Fig. 4. If the
time function had been an infinite
sample of pure random noise, the
autocorrelation function would have
been a spike at T — O, and zero for
all other values of 1. In practice
such a situation never can be real-
ized. It is interesting to note that any
autocorrelation function should be
symmetrical around v — O, and the
lack of symmetry may be attributed
to imperfections in the method used
to calculate the function. Examina-
tion of Fig. 5b reveals that sym-
metry around T = O is quite good.

The very-low-amplitude, very-
short-period waves noticeable in
some parts of the autocorrelation
curve are caused by imperfect inte-
gration over the period required for
the film loops to travel around once.
It is desirable that these wiggles ap-
pear to a small degree, because they
indicate that the T — O peak is not
appreciably clipped in the T-scan-
ning process by overintegration. The
integrating time can be varied by
adjustment of the RC filter,

It is evident from Fig. 5b that the
T==0 point is repeated at the
t—= —T and 1=+ T points. The
time represented by the distance
T=0 to T=T corresponds to one
complete cycle of the t-scan on
Simcor. If Simcor is left running it
will continue to repeat the same
curve indefinitely as 7 is scanned the
length of the film loop repeatedly.

Time Funcifion

Fig. 5¢ shows a time function gen-
erated by the pitching of an aircraft
carrier as it steams through the
irregular waves of the sea. The
autocorrelation function of this par-
ticular sample shows that under-
lying the random motion, indicated
by the peak at 1= 0, there is a
major periodic movement having a
period of about 8 seconds per ecycle.
A secondary periodic movement
having a period of about 70 seconds
per cycle also is evident. Thus we
have an example of how the corre-
lation function is helpful in observ-
ing a relatively simple harmonic
motion that is embedded in random
motion. The autocorrelation func-
tion is not as helpful if the harmonic
motion is relatively complex.

Fig. 5d shows the cross-correla-
tion function of the time function
shown in Fig. 4 and of a time func-

The 11th Hour
is Here!l

. . . for advertising your
producis in the 1953

ELECTRONIC
INDUSTRIES
DIRECTORY

To be published in June as
a bound-in section of

TELE-TECH

& ELECTRONIC !NDUSTRIES

Introducing ...

THE LOCALIZER INDEX

a sensational feature for

quicker contact with more

buyers of engineering
products

Free editorial listings of ali your
electronic products.

Paid listings of your Reps or re-
gional offices immediately under
your name in the alphabetical
index.

Display space to catalog your line,
announce new products, institu-
tionalize your company, ete.

DEADLINE—Normal closing date, May
1. However, copy for advertisers not re-
guiring proofs or foundry work, will be
tccepted up fo May 5.

[ ]
Wire Reservation Today
L]

CALDWELL-CLEMENTS, INC.
480 Lexingfon Avenue, New York 17
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| App//caf/on m‘ RADIUM

f ~ Fluorescent & Phosphorescenf
Z'_@.J

lummous Materials

.

5

Q&

,,,,,,,

DIALS, POINTERS, KNOBS orc.

uccurately processed fo your folerances
according to Government Specifications!

From Blueprint to finished Product, our matevials and
methods of application are Government Approved!
We work from parts supplied or will furnish necessary
brass, aluminum, steel, zinc and plastic materials; stamped
and punched rto accurate tolerances and finished with
a chemically produced background by

anodizing, oxidizing and spraying
with dull black instrument
enamel. Figures and calibrations
¢an be processed by silk screen-
ing, engraving or etching, ac-
cording to requirements.
Sampson will process large
scale orders as well as orders

for “one-of-a-kind”!

SEPARATE DEFARTMENT FOR
APPLICATION OF NON-
LUMINOUS MATERIALS!

SEND US YOUR BLUEPRINT FOR QUOTATION!

o“ CHEMICAL and

B PIGMENT Corp.
2832 W. LAKE ST. - : CHICAGO 12, ILLINOIS
' RITE FOR ORDESCRIPTIVE BROCHURE!

BETTER CONNECTIONS

leakuge pulh mcreused dlrecl shorts from frayed
(] l wires preven!ed by bakelite barriérs placed - ]
‘between ferminals. Binder screws and termma]s brass, . .
nickel-plated. Insulafion, black molded bukeltie"F '
construchon Add much io equipmenl’s effect. .

: f‘Means Proven Quahty

Mo, 2-142 B No. 2-142-% W ° No, 2-142-¥

lustrateds Screw Terminals— Screw and Solder Terminafs —
Screw Terminal above Panel with Solder Terminal below, Every
type of connection.

Six series meet every requirement: No. 140, 5-40 screws;
Neo, 141, 6-32 screws; No. 142, 8-32 screws; No. 150, 10-32
screws; No. 151, 12-32 screws; No. 152, V4-28 screws,

Catslog N, 18 lists complete line of Barrier Strips, and other
Jones Elecirical Connecting Devices, Send for your copy.

~Howarp B, JoNES DIVISION |

CINCH MANUFACTURING CORPORATION

- CHICAGO=24; ILLINOTS |
SUBSIDIARY OF UNITED-CARR FASTENER CORP. |
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Bradley Rectifiers
are doing
many different
types of johs

HERE IS A PARTIAL CHECKLIST OF HOW THEY ARE
HELPING TO IMPROVE CIRCUIT PERFORMANCE

s‘.,{”g %"

e R

[ ] CURRENT LIMITERS

[ ] MODULATORS

[ MAGNETIC AMPLIFIERS

~[] INSTRUMENT PROTECTION

CHECK THIS LIST (o see

1f you might be overlooking a
simplified way to solve a cir-
cuit problem or better circuit
operation, New developments
have widened rectifier applica-
tion. Bradley engineers can
help you realize these new
possibilities for your product.

In either conventional or
special applications, Bradley
rectifiers offer maximum sta-
bility and long life under usual
or unusual temperature con-
ditions, Laboratory conditions
of manufacture, engineer in-
spection, and our exclusive
vacuum process assure top

[ ] TEMPERATURE COMPENSATORS [ ] ARC SUPPRESSORS

[] VOLTAGE REGULATORS

[ ] . c. vaLvES

[ ] BIAS SUPPLIES

]