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prove deliveries for emergency and special

sample orders. Our solution is certainly not

original but no less effective.

Burnell & Company’s new sample department
has been able to produce audio filters from
proverbial ‘scratch’ to the customer’s waiting

hands in as little as ten days!

Frankly, this cannot always be accomplished
but our average has been ranging between
three to four weeks for emergency samples and
four to six weeks for regular prototypes in-
stead of the former twelve weeks of the pre-

sample department days.

Adding this to our new winding department
and our new testing and finishing departments
the sum total has been a still better produect at

a better delivery t

2
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The HIGH, WIDE and TWIN POCKETSCOPES have
become the *‘triple threat” of the oscilloscope industry.
Their small size, light weight and incredible performance,
has skyrocketed this team of truly portable instruments
into unparalleled prominence. Each oscilloscope features DC
coupled amplifiers in both its vertical and horizontal chan-
nels. The HIGH GAIN, S-14-A POCKETSCCPE, has a
vertical sensitivity of 10 millivolts rms/inch, and a frequency
response within —2 db from DC to 200 KC, while the WIDE
BAND S-14-B POCEKETSCOPE is characterized by fre-
quency response within —2 db from DC to 700 KC and a
sensitivity of 50 millivolts rms/inch.

The INDUSTRIAL POCKETSCOPE, POGKETSCOPE
model 8-11-A, has become America’s ——

raost popular DC coupled oscilloscope
because of its small size, light weight,
and unique flexibility, This compact
insttument has identical vertical and
horizontal amplifiers which permit the
observation of low frequency repetitive
phenomena, while simultaneously elimi-
nating undesirable trace bounce. Each
amplifier sensitivity is 0.1 Volt rms/inch.
The frequency responses are likewise
identical, within —2 db from DC ro
200 KC.

Discover for yourself the amazing utility
of this tiny work-horse of industrial
electronics.

S-11-A

i Write for your
complimentary subscription of

“POCKETSCOOP"

WATERMAN PRODUCTS

The TWIN POCKETSCOPE is essentially two HIGH
GAIN POCKETSCOPES with individual cathode ray tubes,
amplifiers, controls, but a common sweep generator. All
these are endowed with many identical characteristics. Their
sweep generators can be operated as triggered or repetitive
over a frequency range from 0.5 cycles to 50 KC, with
synchronization polarity optional. Return traces are blanked
and provisions are made for modulating the intensity in
each cathode ray tube.

TI.aboratory quality has not been sacrificed in order to

accomplisli portability and ruggedness. Investigate the mdany
advantages of Waterman POCKETSCOPES.

RAKS[_}[]PE® The S-12-B RAKSCOPE is a rack
—_— mounted, JANized version of the famous
Waterman S-11-A POCKETSCOPE, with
the addition of a triggered sweep and a
special calibrating circuit for rapid
frequency comparisons. The entire
oscilloscope is built to occupy but seven
inches when mounted in a standard
relay rack.

$-12-B

Because provisions are made for apply-
ing input signals from the rear, as well
as the front, the $-12-B is the ideal
combination, systems monitor and
trouble-shooting oscilloscope. Investi-
gate the multiple applications of this
instrument as an integral part of your
own rack mounted apparatus.

PHILADELPHIA 25, PENNA., U.S. A,

CABLE ADDRESS, POKETSCOPE, PHILA.

RAKSCOPES® - PUL

SESCOPESm and RAYO
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At the Glenn L. Martin
Co., Baltimore, Md., Amer-
ican Beauty Soldering
Irons are used to fasten
parts toan overhead switch
control panel for the pilot’s
compartment of Martin
4-0-4 twin-engine commer-
cial transports.

American Beauty

e
i
B

i

makes perfect Soldered Connections

FOR THE

GLENN L. MARTIN CO.

HERE’'S WHY AMERICAN BEATUTY is the Stand-
ard-of-Perfection on the world’s production lines . . .
where dependability, long life and efficiency are de-

manded . . .

>

u\ 7

TEMPERATURE REGULATING

e Nickel-coated, corrosion-resist-
ant tips, easily and quickly re-
placed

e Super-flexible cord, American
Beauty made, resists wear due
to flexing

e Heating element of chrome-
nickel ribbon resistance wire

e Insulated with pure mica
e Built-in adapter for ground wire

STAND
Thermostatically con- e TFive gizes . . . from 50 to 550
trolled to maintain heat of watts

Iron at any desired tem-
perature while at rest.

Write for
Free Literature

,AMENCAN

AMERICAN BEAUTY Eleciric Soldering
Irons are Service Proven . ..

since 1894 Alod

ELECTRICAL HEATER CO.

DETROIT 2, MICH.

MECESTEGH

DR. O. H. CALDWELL M. CLEMENTS

Editorial Director Publisher
BERNARD F. OSBAHR DR. A. F. MURRAY
Execulive Editor Consulting Editor
HARRY D. WULFORST ALBERT FORMAN
Assistant Editor Assistant Editor
JOHN H. BATTISON B. V. SPINETTA
Contributing Editor Directory Editor

ROLAND C. DAVIS, Washington News Edifor
CHARLES DEYER, Art Director
LT. COL. STANLEY GERSTIN
Consulting Editor
{Vice Pres. & Gen. Mgr., Caldwell-Clements
Manuals Corp.}

BUSINESS DEPARTMENT

M. H. NEWTON, Business Manager
HOWARD A. REED, Generol Sales Manager
JOSEPH DRUCKER, District Manager
JAMES S, COLEMAN, District Manager
N. McALLISTER, Asst. Business Manager
A. O'ROURKE, Produciion Manager
A. SHILLIN, Asst. Production Mgr.
BARBARA MILLER, Reader Service Dept.
480 Lexington Ave., New York 17, N. Y.
Telephone Plazo 9-7880

S. M. GASKINS, Western Manager
JOHN D. LUPTON, District Manager
201 N. Wells St., Chicage 6, IlI.
Telephone RAndolph 6-9225

CHRIS DUNKLE & ASSOCIATES
Cafifornia Representatives
2506 W. 8th Sireel, Los Angeles 5, Calif.
Telephone DUnkirk 7-614%

WARREN S. BROWN, Circulation Manager
M. GROENING, Asst. Circulating Manager
JOHN J. BORGHI, Cantroller

GUARANTEED CIRCULATION 27,000

Because of the najural lag in auditing,
never tatching up with current circula-
tion in on expanding industry, an audit
for the calendar year 1953 wili nof be
made until the summer of 1954, In the
meantime, Caldwell-Clements, Inc. will
furnish sworn statements and post office
receipts for the current 21,000 guaran-
teed circulation.

TELE-TECH* is edited for top-level engi-
neers and executives throughout the
electronic industries. It gives the busy
engineering executive authoritative in-
formation and interpretation of the
latest developments and new products,
with emphasis on subjects of engineering
import and timeliness. Special attention
is given to:

MANUFACTURING

—Electronic equipment, tommunications,
broadcusting, microwave relay, instru-
mentation, felemetering and compui-
ing.

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

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

OPERATION

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

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

—Military, civilian and scientific elec-

tronic computing and control systems.
* Reg. U. §. Pat. Off.
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TELE-TIPS

(Continued from page 29)
CABLE RADAR—FElectric light,

phone and telegraph companies have
a new method for locating distant
breaks in their lines. It employs the
radar technique and consists in
sending a wave impulse into the
open-ended conductor and then
measuring the time taken for the
reflected impulse to return, Know-
ing the characteristics of the line by
comparison with an unbroken con-
ductor, the distance to the break can
be readily computed.

ADJACENT CHANNEL COL-
OR-TV—NTSC (National Televi-
sion System Committee) has ap-
pointed a group to look into Paul
Raiburn’s {Paramount Pictures) re-
cent suggestion, as voiced in the
pamphlet entitled “Color Television
Without Problems,” that we use ad-
jacent channels for color-TV trans-
missions. For further details on this
suggestion see page 74 in Tele-Tech,
January 1953.

COCKROACHES IN TV sets
are almost entirely harmless, At
least that is the official assurance
given to the public by the Director
of Rodent Control for the District
of Columbia after several complaints
of infestation prompted a studied in-
vestigation of the subject. The
brown-banded cockroach only eats
a little excess glue off connections
and does not meddle with actual re-
ceiver operation.

PROCEEDINGS of the Iceland
Parliament at Reykjavik will now be
preserved for future generations of
Icelanders via fape~recording equip-
ment. Eleven Stancil-Hoffman (Ho!l-
lywood) tape-recording units were
recently installed in Iceland’s two
main chambers of parliament. Thus,
the oldest legislative body in the
world, created in 930, becomes one
of the first with completely modern
recording facilities. This enlightened
republic of 141,000 people, where
illiteracy is virtually unknown and
where more books, newspapers and
magazines per capita are published
than any other country in the world,
will record the entire proceedings of
its General Assembly’s continuous
debate for the edification of its entire
population. Taxpayers can now tab
each Krona spent by the Iceland
government,

“OUT OF CRISIS comes oppor-
tunity!”—Don G. Mitchell, President
Sylvania Electric Produects,

{Continued on page 60)

Ine.
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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 recording, and public address.

Pioneers in the design and manufacture of quality micro-
phones, American has also pioneered the introduction
of quality microphones that are designed 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.

C“Full-Vision” for artist

For greater fidelity . . . plus . .

and audience . ..

use American.,

DYNAMIC DYNAMIC RIBEON DYNAMIC DYNAMIC N

AND RIBBON AND RIBBON BL-DIREC- OMNI- OMNI- 5
CARDIOID CARDIOID TIONAL DIRECTIONAL DIRECTIONAL
DR-330 DR-332 R-331 D-33 D22

Wirite [or Free Descriptive Literatuse and Catalogue No. 46. Dept. FV

Ve

MWEULAH, wicrorroNE co.

370 SOUTH FAIR DAKS AVE. PASADENA 1, CALIFORNIA
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JK STABILIZED H-17 CRYSTAL

CRYSTALS FOR THE CRITICAL

The JK H-17 Crystal meets rigid airline re-
quirements for compactness, light weight,
rugged dependability. A Military type, it is
hermetieally sealed—dust and moisture proof
— plated, quartz plate is shock mounted. One
of many JK Crystals made to serve every need,

100%

"Pea soup™ over the field . . . and still the giants of
air travel come in “on the beam”. When visibility is
poor, commercial pilots must rely on radio-radar
equipment to bring their ship in safely. JK Crystals
play an important role in this every day drama of
keeping alilines communications “on the beam’ in

the air angd on the ground.

THE JAMES KNIGHTS COMPANY

 SANDWICH  ILLINOIS

TELE-TECH & ELECTRONIC INDUSTRIES * March 1953
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...has everything yoed for PRINTED CIRCUITS

First to provide Tubes and Transistors that are correctly designed for
quick, efficient printed circuit assembly. For the ultimate in portable
performance, combine Raytheon’s high-efficiency, filamentary Sub-
miniature Tubes with Raytheon’s Junction Transistors.

Filament Plate Screen Grid Plate Screen Mutual Cond. Voltage Plate Resis,

Subminiatures Volls  Ma. Volls Volts Volts Ma. Ma. Umhos. Gain Meg.
1AG4 -Outpul Penlode 125 A0 41 4 1].4 -3.6 24 0.6 1000 351 0.18
1AH4 RF Pentode 1.25 40 45, 45, 0 0.75 a2 750 1i5
1AJ5  Diode-Pentode 1.25 40 45, 45, i} 1.0 0.3 425 50 0.3

Mixer-Pentode 45. 45, 0 0.4 0.15 2007 * 1.0
1ve* .

3 0sc.-Triode il B = Ri=Tmeg | 04 ~ 550

1AK4  RF Pentode 1.25 20 45, 45. 0 0.75 0.2 750 1.5
IAK5 Diode-Pentode 1.25 20 45, 45, 5 meg. 0.5 0.2 280 49 0.4

TPawer Output — milliwalls

**Conversion Conductance

*Type 1Vé6 is a high performance, low
battery drain ¢onverter. Note the com-

PNP JUNCTION TRANSISTORS

(Average Characteristics at 36° C)

parison with 1RS using 45 volt supply. CK721 CKiz2
1v6 1RS Collector Voltage (volts) ~1.5 -1.5
Total Cathode Current {ua) 980 2750 Collectar Current {ma.) -0.5 =05
Conversion Conductance (umhos) 200 235 Base Current* (ua.) -6 =20
Plate Resistance (megohms) 1.0 0.6 Current Amplification Factor® 40 12
Conversion Gain (load =175K) 30 32 Power Gain* (db) 38 30
Equiv. Noise Resistance (ohms) 70K 180K Noise Facter* (1,000 cycles) {(db) 22 22

*Grounded Emitter connection

RAYTHEON MANUFACTURING COMPANY

RAYTHEON MAKES ALL THESE: ——

TELE-TECH & ELECTRONIC INDUSTRIES

March 1953
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. says

RAY ANTHONY
"The Young Man With a Horn"’

e o » tbout the famous new

slender gradient!

hlgh-fldellty bi-directional

microphones

;130071 ;
Broadcast

" st PRICE
$125 00

H3 1:5_”
Ceneral Purpose
LIST PRICE
$75.00 .

For high-fidelity, trve-tone reproduction of
voice and music, these small and rugged microphones are
destined to be the favorites of leading recording artists

..+ singers—instrumentalists—and bands everywhere,

® These microphones will outperform all other
“slender’” microphones—because of their
advanced acoustical, electrical, and mechanical
features. Both models provide a bi-directional
pickup pattern—permitting greater per-

former freedom (performers can stand at a

739, greater distance from the microphone!)
The 300 and 315" will pick up voice and music
from front and back—yet discriininate against unwanted
noises from the sides. They reduce reverberation and the
pickup of distracting random noises by 669!

Shure Patenta Pending

MANUFACTURERS of MICROPHONES

SHURE BROTHERS, Inc.

225 West Huron Street, Chicago 10, lllinois o Cable Address: SHUREMICRO

TELE-TIPS

(Continued from page 49)

SENSE APPEAL—Predictions
made years before “Cinerama’” fore-
saw the development of three-di-
mensional TV and the “smellies”—
devices which are now patented in-
ventions. During moments of idle
speculation, the imaginative have
been focusing their attention on the
subtle implications and design prob-
lems of the ultimate form of com-
munication which will appeal to all
the five senses. As an example of this
trend of thought, Aldous Huxley’s
futuristic book Brave New World de-
scribed an entertainment medium
called the ‘“feelies.” An excerpt
states, “‘Going to the Feelies this
evening, Henry? enquired the As-
sistant Predestinator. ‘I hear the new
one at the Alhambra is first-rate.
There’s a love scene on a bearskin
rug; they say it’s marvellous. Every
hair of the bear reproduced. The
most amazing tactual effects.’ ”

PROGNOSTICATION has been
further presented in Al Capp’s comic
strip Li'l Abner. A system called
“feelavision” showed little solid men
jumping out of the receiver. How-
ever, not all of these concepts lie
within the realm of humorous writ-
ing. One inventor has actually made
a drawing board design of a “tele-
biovision” system which bhoasts an
odor organ, smoke unit, vibrator ar-
rangement for shaking the living-
room floor, heat emitter, and to make
the sense appeal complete, a multi-
metal grid which creates the illusion
of different tastes when pressed
against the tongue!

ON GETTING AHEAD—“You
Don’t Have To Be Brilliant To Make
A Greater Success Of Your Life,”
says Sam Himmell, practical philos-
opher who occasionally visits TELE-
TecE’s offices. “You May Not Always
Be Better Than Others, But You Can
Always Be Better Than Yourself

. Every Artist Was First An
Amateur And the Most Difficult Part
Of Gettmg To The Top Of The Lad-
der Is Getting Thru The Crowd At
The Bottom . . It Takes Just A
Little More Than The Ordinary To
Move Out Ahead Of The Herd, And
If You Cannot Overwhelm Them
With  Your Quality, Overwhelm
Them With Your Quantity . . . The
Faster You Go, The More Chance
There Is Of Stubbing Your Toe,
But The More Chance You Have Of
Getting Somewhere.” . . . Said Ovid,
The Philosopher, in the Year 1400,
“Chance Is Powerful. Let Your Hook
Always Be Cast. In The Pool Where
You Least Expect It, Will Be a Fish.”

60 TELE-TECH & ELECTRONIC INDUSTRIES * March 1953
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cas-srrreon [RANSISTORS

| €B5-HYTRON

Moisture-resistant

Plug-in or solder-in L GERMANIUM
CRYSTAL IMPREGNATED

RUGGED CASE

Sturdy triangular basing

Polarized base connections
olarized base ¢ ction s

CONNECTIONS

CATWHISKERS

Auto-electronically formed

A ngggg_%[im iR NICKEL
Thoroughly stabilized STEELLEADWIRES .= = | SILVERPINS @)
CELTUSEE S T
Operate up to 55° C : 1
CES-HYTRON i
T ENLARGED 4 TIMES

PT-2S

MECHANICAL FEATURES

1. Single-ended construction gives moximum mechonical stability.

2. Rugged triangulor basing design resists shock and vibration.

3. Dual-purpose cannections permit use of flexible leads ar stiff plug-in bose pins.

4. Direct soldering of germanium wafer to base support guarantees positive contact,
avoids flaking.

5. Glass-filled plastic case and high-tempercture impregnating wax assure moisture-
resistant, frouble-free aperotion,

Already a maj 1 i -Hytron
ready a major producer of germanium diodes, CBS-Hytro BASING AND SOCKET

now offers you prompt delivery of transistors: Point-contact HITTER  COLLETTOR /\

CB5-Hytron PT-24A (for amplifying) and PT-2S (for switching). A S RN o T IR
Both have stable characteristics and are guaranteed moisture- o ‘
resistant. Note flexible leads welded to base pins. You may solder TransiiAtsoEr Basing Diagram CBS-tron

flexible leads into circuit. Or snip them to use stiff base pins in Symbol (bottom view) T-2 socket

CBS-Hytron type T-2 socket. Note similarity of pin layout to that of tran-

sislor symbol. CBS-Hylron type T-2 tran-

Ba - L. . sistor socket features groove to guide pins

I'mangular arrangement of base pinsisstronger . . . avoids bent  into socket, Also anti-burn-out design Lo in-

. . , . sure that base connection of transistor will
pins. Easy-to-remember basing layout sirmulates basing symbol  always be made first.

(see diagram). Polarization makes socket connections foolproof. g-sr — '}*C%%SJQR%?PEEEOCW e ve B AN proze
You are assured of uniformly optimum characteristics by elec- EJ; . +\VLTYPICAL’COL1ECTéq vorrg 2 5
tronic control of pulse forming. Thorough aging achieves maxi- |g ] | zous CHARA(T:%R‘?FTT@%A

mum stability. You may operate these transistors up to 55°C. YT e *—r\rﬂ

Ard you can order both CBS-Hytron PT-2A and PT-2S for %’2 ] i i ﬂ

i ; . & —

mmediate delivery. B e B ] | 4 lvewos B

MANUFACTURERS OF RECEIVING TUBES SINCE 1921
, ? HYTRON RADIO AND ELECTRONICS CO.

f A Division of Columbia Broadcasting System, Inc.

: Main Office: Danvers, Massachusetts
WRITE FOR DATA. Complete free data on CBS-Hytron \ \
PT-2A and PT-25 . . . and the T-2 socket . . . are yours for = -
the asking, -
RECEIVING ., .. TRANSMITTING .,.SPECIAL-PURPOSE AND TV PICTURE TUBES « GERMAN!UM DIODES AND TRANSISTORS

TELE-TECH & ELECTRONIC INDUSTRIES * March 1953 61
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MOUNT IN 15/32" HOLE
ALL LENS COLORS

Easy lamp replacement
with any midget flanged
base lamp types

Complete blackout e
or semi-blackout L e
dimmer types MECHANICAL

BIMMER
No. 11-1930-621

THESE ASSEMBLIES LOGICALLY REPLACE
LAMPS NO. 319, 320, and 321

NON-DIMMING
No. 8-1930-621

()
)
e

REPLACE NOT E=  OR
WITH THIS THIS ; THIS

L

A.IRJ FbRCE and BUREAU of AERONAUTICS |

MIL-L-7806 DRAWING MS-250190

DIALCO No. TT-51 (Red filter-black top)
.. or, No. TT-51A, complete with No. 327 Lamp

ALSO MADE ‘
with other filter colors \\ | I ///
and with light-emitting

top (for indication)

4

ALL OF THE ASSEMBLIES ILLUSTRATED
ACCOMMODATE LAMPS NOS. 327, 328, 330, and 331.

ANY ASSEMBLY AVAILABLE COMPLETE WITH LAMP
SAMPLES ON REQUEST — NO CHARGE

ACTUAL SIZE'

Foremost Manufacturer of Pilot Lights

DIALIGHT CORPORATION

60 STEWART AVENUE, BROOKLYN 37, N. V. HYACINTH 7-7600

‘© 1952

LETTERS - --

Q-Meters

Editors, . TeLE~TECH

The letter printed on page 48 of your
February issue regarding Q-Meter
states that the originator of the method
is not known. While 1 cannot angwer
that question for sure, I believe that
the first reference was published in the
magazine Electronic Industries on page
88, July, 1943. The latter report
was published several years before
Q-Meters were provided with induct-
ance scales.

While I am about it, the reference to
small diameter necks on cathode ray
tubes that recently appeared in your
columns was of interest. I had such a
tube built in 1931. This tube was pic-
tured in the magazine Instruments, as
Fig. 8 in my article of October, 1935.
Tubes with small necks were in com-
mon use well before 1917, however, and
in the German literature especially
many of these tubes were described.

Raren R. BaTcHEr

Chief Engineer, RTMA
489 Fifth Ave,,

New York 17, N. Y.

Trans-Atlantic TV in 1930!

Editors, TeLE-TECH:

I was most interested to read the dis-
cussion on “Transatlantic Television” in
your recent issue,

You may be interested to hear that
on September 17, 1830, I received a TV
programme direet from the General
Electric station at Schenectady, N.Y.
and I have in my possession a cable
sent to me by G.E. which fully con-
firms my reception. This was un-
doubtedly the first time that American
television crossed the Atlantic and to
the best of my knowledge it has not
been repeated,

I am bound to admit, however, that
the frequency used for this three-days
test transmission to Germany (where it
was not received, I understand) was
favourable for trans-Atlantic communi-
cation—it was arcund 15 megacycles,
(1830 was very early in the compara-
tively short history of television for
such long distance reception.) The
Jenkins Co. wrote to me soon after-
wards and said they were calling me
on TV sgpecially on Wednesdays, but
as far as I remember this was on ap-
proximately 145 metres, which was
hardly suitable for the occasion,

I am convinced that a permanent
transAtlantic relay cireuit whether by
the NARCOM Plan, ionospheric scatter
or any other method would be of in-
estimable value to our two countries.

—DoucLas WALTERS,
Manager Radio Laboratory.
186, High Holborn,
London WCI, England
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THE NEED FOR
Advance Engineering Planning

The general approach in dealing with radio com-
munication problems has undergone considerable
transition in the past decade or more. Before that
the engineer was concerned more with equipment
evolution than with advance methods planning.

When the pressure of demand faced the infant
industry there was little time for the fundamental
niceties of research and also litttle financial en-
couragement therefor, so that eflort gravitated
towards the assembling of specific apparatus. The
builders of growing enterprises exhibited impa-
tience towards the efforts of the abstract technician
and did not seriously visualize the future or try to
understand the actual mechanics of how the
results they were getting were being achieved or
how they could be improved through the develop-
ment of fundamentals. In the mad rush of making
this instrumentality useful to mankind the demand
for consistent practical technical planning, which
we call engineeering, became somewhat smoth-
ered.

Sysftems and Meitheds

Today much more emphasis is given to system
and methods aspects. The technique of equipment
and gadget production is currently such that the
methods engineer can generally get the apparatus
made up that he needs to fit a planned system in-
stead of being confronted with a system made up
of such building blocks as could be picked up on
the market. This is particularly true for those
higher frequency bands that have come into use in
recent years where impediments because of previ-
ously long established services with vested rights
were minor or absent. The field in which many en-
gineers work is susceptible to this approach, and
more and more engineers will develop interest in
methods and utilization planning. Business men
and administrators have acquired a greater aware-
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ness of this trend and are reaching the viewpoint
that technical solutions to meet specific objectives
are just a matter of time and effort.

Fullest Use of Facilities

Another transition can be discerned. Before
some of these frequency bands became uniformly
overcrowded it was largely taken for granted that,
when the need arose, more use could be developed
by seeking out those hidden frequency spaces
which would be disclosed by applying improved
technical processes such as better frequency sta-
bility, confining radiation bands to those widths
essential for passing the required intelligence, etc.
Being uninterested in salesmanship as such and
not pressed by an urgent demand, engineers did
not aggressively publicize at the outset how fu-
ture growth and prosperity could be promoted by
a universal understanding that technical attain-
ments must be used to their fullest. Recent con-
vention addresses give testimony that the im-
portance of this has become paramount.

And now for the future. The trends that T have
pointed out will continue. The ability to create
technical means to meet specified objectives will
improve. The engineer will concern himself more
and more with the end product of the communica-
tion service. This will put him in closer touch with
the economic and social phases of human endeavor
and broaden his area of interest and operations.
His training of using perceptive thought and criti-
cal planning combined with discipline and pa-
tience will clear ways to further accomplishments.
A guest editorial by Haraden Pratt, Telecommuni-

cations Adwvisor to the President of the United

States, and Secretary IRE, adapted from his re-

cent address to the Professional Group on Vehi-

cular Communications, IRE.
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RADARSCOPE

Revedaling Important Advances Throughout the Spectrum

of Radio, TV and Tele Communications

GOVERNMENT

IRAC—In these columns attention has frequently
been called fo the fact that the Washington Interdepart-
ment Radio Advisory Committee has long actually con-
trolled about one-half of the available radic spectrum,
having first choice of all radio frequencies—with the
FCC getting only the “left overs” for assignment to com-
mercial, educational and public use. After two changes
of name, IRAC still functions, but with a chairman (Lt.
Col. W. M. Lauterbach), reporting to the Telecommuni-
cations Advisor to the President, and sharing his White
House Extension offices. Representing the various de-
partments IRAC’s members now are: Air Force, J. D.
Corley; State Dept., John S. Cross: Justice, M. W.
Kuhrtz; Navy, Capt. T. P. Lowndes, USN; Interior, S. L.
Windes; Army, Maj. E. R. Reynolds; Coast Guard, Capt.
E. XK. Rhodes; Civil Aeronautics, Lloyd H. Simson; For~
est Service, E. C. Wagner. IRAC’s executive secretary
is C. W. Loeber, Room 2024, T-5 Building, 16th and
Constitution Ave., N. W., Washington 25, D. C.

COLOR—TV

NTSC has now agreed on the technical characteris-
tics of a new horizontal sync signal for the all-industry
compatible celor-TV system. Arrangements for field
tests using the new signal are now being made. Upon
successful completion of these tests, the system will be
ready for presentation to the FCC, — probably in the
Fall of this year. Uncertainty over the technical char-
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acteristics of the horizontal sync signal has been cred-
ited as a reason for the reluctance of some manufac-
turers to build experimental receivers. Now that this
problem has been resolved even greater manufacturer
participation is expected.

INTERNATIONAL BROADCASTING
CROSS-MODULATION interaction studies in Aus-

tralia and Europe are providing valuable theoretical in-~
formation which may be used for measuring the magnetic
field in the E-layer of the ionosphere. The presence of
certain electric currents in the ionosphere has heen
postulated to account for numerous terrestrial magnetic
variations. A very interesting secondary result of these
investigations which concerns skyway reception is the
observation that conditions due to this type of inter-
ference are present much more than is commonly sup-
posed. However, our European observers state that ether
conditions in Europe now preclude skyway reception.
Apparently very few people there attempt to receive sta-
tions which are not within ground wave range due to
the absence of clear channels for wide area coverage.

INTERFERENCE
SPURIOUS EMISSIONS—Commending the Joint

Technical Advisory Committee on its admirable report
on “Radio Spectrum Conservation,” the FCC now asks
JTAC for further study of “spurious radiation.” Com-
ments Chairman Walker;

“In providing for the maximum use of the radio spec-
trum, the Commission has been confronted with the
necessity for controlling the radiation of radic frequency
energy which does not make constructive use of the
spectrum., Such radiation results in interference which
is not only wastful but may be also dangerous where
the safety radio services are involved. The spurious
radiation from transmitters, receivers and other equip-
ment, coupled with the inadequate selectivity of receiv-
ers, presents a problem of spectrum engineering which
has greatly increased in importance and difficulty in
recent years.

“With manual operation and aural reception, inter-
ference is rapidly noted and prompt corrective measures
are generally feasible. However, with the trend toward
automatic operation, interference cannot readily be de-
tected and remedial measures are not easy. The wider
bandwidths used in many new applications increases the
vulnerability to interference. The situation is further
aggravated by the development of high powered trans-
mitters and the parallel development of receivers having
low inherent noise, and the tendency towards the geo-
graphical concentration of many types of services.”
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SEVERAL LARGER TV AND RADIO set manu-
facturers are reported as now looking to the high fidelity
market with considerable interest. The annual “Hi-Fi”
business volume has been increasing steadily in recent
years and these manufacturers are weighing thoughts
of perhaps including “Hi-Fi” models in their receiver
lines. The audio eguipment manufacturers are notice-
ably concerned over this possibility. They feel that “Hi-
Fi” on a mass production basis would be mediocre at
best from a performance standpoint, that it would force
down unit selling prices, that it would cause a lowering
of gquality standards throughout the industry to meet
competitive prices and that any lowering of quality
standards might in turn sour the public on the purchase
of “Hi-Fi” equipment.

TEST EQUIPMENT

STANDARDIZE INSTRUMENT CONTROLS?
The cathode ray working group of AIEE is reported te
be considering the establishment of standards for the
placement of controls on cathode ray oscilloscopes. This
same thought might alse be advantageously employed
on other types of test equipment. The idea certainly has
considerable merit when one considers the time lost by
engineers now in having to familiarize themselves with
the control operation of each item of test equipment
that they plan to use. Clutch and brake pedals have
standard locations in all automobiles and learning to
drive one enables you to drive all. Standardizing the
eontrol locations on various test equipment items would
be likewise effective,

ELECTRONIC PRINTING
PHOTOELECTRIC TYPESETTING—What elec-

tronic tubes have done for other forms of communica-
tion, may now revolutionize typesetting and printing.
In the newest Photon system, the keyboard characters
are “memorized” electronically, as in a computer cir-
cuit, and are then expanded or “justified” to fill the
line. This completed, the characters are printed on film
from a whirling dise, by light flashes controlled at the
proper instant. A simple disc suffices for any size of
type of the same font, by varying the lens position.
Speeds up to 12,0600 characters per hour, have been
obtained,—three times the operating speed of conven-
tional typesetting machines. The finished composition
is a film wnegative from which the printed page will
be reproduced.
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WARNING !—“The manpower situation is becoming
so critical that before long contracts will either have to
be extended or cancelled,” observed Maynard M. Bor-
ing, personnel manager of General Electric, at a recent
armed forces conference. He attributed the reason for
this precarious position to the shortage of engineering
graduates—a shortage which is being made increasingly
critical by the growing drain of the Reserve Officers
Training Corps. The percent of engineering students in
the ROTC has been increasing although total enroll-
ment has been falling. In 1952, 16% of 29,000 engineers
graduated from 196 colleges were in the ROTC. They
have been called to active duty for two to three years.
In 1953, 21,000 graduates will include 229 ROTC. The
figure will rise to 469 of 17,500 in 1954, and 529, of
21,000 in 1855. The preliminary count for 1956 is 65%
of 25,000 graduates. Under normal conditions a substan-
tial number drop from ROTC at the end of the sopho-
more year. Today this drop apparently is only 3%.
Considering that a shortage of 40,000 engineers exists,
it would be a good idea for the armed services to ease
up and permit more technical men to enter industry.

Davis, armement director at Balimore Air Foree
Air Research & Development Command, and B. Geyer, GE engineer,

Brig. Gen. L. L

inspect OARAC, a new digitol compuier for the Flight Research
Lab., Wright Air Development <Cenier, Dayton, 0Ohio. Center section
contains operations panel and high speed input and ouvtput fape
mechanisms, 1400 tubes and 7000 diodes are employed by equipment.
Additienal technical details ore described elsewhere in  this  issue.
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Casting Resins for Electronic

Methods of applying embedding techniques to circuit components and assemblies,

for aircraft. Advantages over conventional coatings are improved dissipation, moisture

By WILLIAM R. CUMING
Emerson & Cuming, Inec.
869 Washington St., Canton, Mass.

HE use of casting resins and em-

bedment techniques as applied to
electronic equipment has increased
greatly during the past five years.
The early use of these materials was
confined to the embedment of com-
plete circuit assemblies. The use to-
day is of much larger scope. Casting
resins, or, more properly, formula-
tions based on casting resins, are
used as coatings, impregnants and
even molding compositions. These
resins are used in processing re-
sistors, capacitors and transformers,
as individual circuit elements and
even in the construction of electronic
hardware.

Advantages & Limitations

It will be worthwhile briefly to re-
view some of the advantages and
limitations in the use of casting
resins. These refer specifically to the
embedment of electronic circuits,
where the circuit is placed in a mold
and the resin polymerized around it
to produce a completely solid struc-
ture,

Hermetic Sealings: It is well
known that all plastic materials will
absorb and transmit moisture. For
the required degree of protection,
two factors must be considered: (a)
the moisture absorption of the resin,
and {b) the moisture transmission.
Moisture absorption by a resin re-
sults in impairment of its electrical
properties. Insulation resistance de-
creases, dielectric constant increases,
and dissipation factor increases.

Moisture transmission through the
embedment compound will, of
course, have a direct effect on the
circuit elements. Difficulties in this
respect can almost always be cor-
rected by a small increase in thick-
ness of the embedment compound.

It is good-practice to test a blank,
that is, a casting of the same physical
characteristics of the embedded unit,
under humidity conditions to deter-
mine what the moisture absorption
effects will be. For unfilled polyester
type resins, Y4-in. has been found
adequate for a moisture seal on most
sensitive components. For example, a

68

precision mica capacitor which was
very sensitive to high humidity was
embedded in a block of plastic so that
the coating had a thickness of ap-
proximately ¥ inch. The plastic used
was a polyester resin of the rigid
type with a meoisture transmission
coefficient of 150g/100 sq. m./hr. (for
1 mil film) and a moisture absorp-
tion of 0.29% in 24 hours at 25° C.
After 1,000 hours in 100% relative
humidity, the capacitor had not in-
creased in capacitance or dissipation
factor.

Problem of Moisture

When embedding circuits or com-
ponents, there is always the problem
of moisture tunneling into the em-
bedment at the interface between
the plastic material and the metal
lead. It is, therefore, good practice to
use solid bare single conductor leads
at the entry point. It is also good
practice to locate leads so that the
plastic material in polymerization
shrinks on to the surface at which
a seal is desired. This difficulty can
usually be overcome by the use of a
priming coat of good adhesion. Small
molded connectors are sometimes
made a part of the casting and are
effective in prevention of moisture
tunneling.

Ruggedization and Shockproofing:
Delicate electronic assemblies are
made rigid solid structures through
casting techniques with no oppor-
tunity for relative movement of com-
ponents. By controlling the damping
characteristic of the cured resin, it is
possible to control transmission of
vibrations.

Acceleration tests made on em-
bedded circuits for guided missile
use have indicated that there is no
damage to the embedment resin or
to properly embedded components.
Difficulties are more likely to occur
within vacuum tubes or other circuit
elements.

Elimination of Mountings: Mount-
ings, terminal strips and other hard-
ware are minimized or eliminated in
embedded circuits. Often bare point-
to-point wiring may be used for
rapid circuit assembly. Insulation is
adequately supplied by the resin.

Miniaturization: Three dimensional
packing of components permits mini-

aturization. For example, on some
well designed embedments it has
been possible to utilize over 609 of
the wvolume of the embedment in
components.

There are a number of limitations
on the use of casting resins to embed
circuits. A few of the more import-
ant are presented.

Repair: The repair of embedded
circuits is very difficult and in most
cases impractical. The use of solvents
to dissolve the resin is time-consum-
ing and often results in destroying
circuit elements. It is possible, how-
ever, to recover certain valuable
components by this method. Drilling
into an embedment, making the re-
pair and recasting is sometimes used,
but is a rather expensive procedure.
Moreover, this requires the use of a
transparent casting resin, One ap-
proach is to embed assemblies as
units which are to be discarded if
trouble appears.

Heat Dissipation: The dissipation
of heat from within an embedded
circuit is a problem which must be
considered carefully during physical
design phases. Tests on subminiature
vacuum tubes, operating under rated
conditions, indicate that the surface
temperature of a tube embedded in
a one-inch cube of polyester resin
will be approximately 85° C above
ambient, whereas the surface of the
tube in air under free convection
conditions will be 70° C above am-
bient. The thermal conductivity of
the resin in this instance was 1.5
BTU/ft?/hr/°F/in.

Surface Temperature

Surface temperature of the em-
bedded tube increased at the rate of
30° C per watt of dissipation, The
surface of a % watt carbon resistor
at rated dissipation was 30° C above
ambient, whereas the surface tem-
perature of a 1 watt resistor at %
watt dissipation was 23° C above am-
bient. Both were embedded in the
center of a one-inch cube. This in-
dicates some advantage in the use of
over-rated heat dissipation compo-
nents.

Under conditions where compo-
nents are closely packed and where
assemblies are in confined spaces so
that there is no appreciable air flow,
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Eiquipment

including shockproof units

and corona properties

circuits run at approximately the
same temperature whether em-
bedded or not. This is due, of course,
to the poor heat transmission through
still air.

Many components will operate at
much higher temperatures within an
emmbedment than they will in air.
Two reasons for this are the elimina-
tion of attack by oxygen and the
prevention of escape of volatile con-
stituents.

There is, of course, an effect on
circuit constants when an assembly
is embedded. It is usually necessary,
therefore, to make preliminary em-
bedments of a circuit or component
to determine what these effects are
and to then take them into account
on the final design.

In some instances it has been
found desirable to allow for screw
driver adjustment within an embed-
ment. A small void is left, adjust-

ment made, and the void is then
filled.

Core of Embedment

A series of @ meter coils which
ranged in frequency from 5 to 60
Mc and in which the @'s were from
140 to 170 were embedded in a resin
with a dissipation factor of approxi-
mately 2% and a dielectric constant
of approximately 3.0. The winding
mandrel for the coils was polysty-
rene, This material remained as the
core of the embedment. It was found
that embedment in a large mass of
resin caused a 59 decrease in @ and
an increase in distributed capaci-
tance of the order of 1 ppf.

The embedment of precision com-
ponents presents several problems.
The embedment compound may have
an effect on the material from which
the component is construeted. This
may be due to solvent action by the
resin or pressure due to shrinkage
on polymerization. The effect is not
always reproducible to the degree
required.

Weight addition due to potting
equipment is a design consideration.
The specific gravities of most casting
resin compositions range from 1 to
1.5. When embedment is used on a
physically well designed unitized as-
sembly, weight is increased roughly

{Continued on page 168)

Fig 1: Dip-coated transformers show improved moisture sealing and heat dissipation properties

Fig. Z: Compact bleeder embedments for CRT supplies comprise eleven 4-meg, 2-watt resistors

Fig. 3: Helical ontenna embedded in rugged polythylene casting fits into radome housing

Fig. 4: Thermistor assemblies for measuring underwoter temperatures are sealed against 300 psi
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Fig. 1: Five-channel correlutor provides ropid evaluation of correlation functions

Recently developed device extends application of sta-

tistical theory fo communication problems by rapid simul-

faneous computation of five points of a correlation curve

By M. J. LEVIN & J. F. REINTJES

Massachusetts Institute of Technology, Cambridge, Mass.

HE application of statistical tech-

niques and probability theory to
the field of communications has pro-
vided electrical engineers with new
and valuable tools for understanding
and handling problems arising in
this field. Of great importance to
these techniques are the correlation
functions of the time series involved
in the problems under consideration.
As is well known, the crosscorrela-
tion function of f,(t) and f;(t) is
defined as

S
(DAB(T) = lim > fA(L)fB(L =T) dt (s

T 00 -T

The autocorrelation function of £, (t)
is defined as

70

T
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Here f, (t) and f;(t) represent time
series such as signals or noise and t
represents a displacement in time.
The crosscorrelation function is,
then, a curve plotted against . Each
point on the curve represents the
average value of the product of
£, (t), and f;(t) delayed by t. The
autocorrelation function can be de-
scribed in a similar manner. These
functions are especially useful, since
they can be computed from the actu-
al time series under consideration
by means of electronic correlators
where analytic calculations would
be difficult or impossible.

A Five-

The evaluation of a correlation
function in its exact analytic form
by electronic equipment would re-
guire continuous multiplication and
integration over an infinite time in-
terval for each value of * desired.
This would be inconvenient; but
fortunately it can be shown that a
close approximation to the correla-
tion function can be obtained which
is suitable for electronic computa-
tion. For the crosscorrelation func-
tion it takes the form,

H
Q)AB(T‘)’;":T Z ab, (3)

n=|
An analogous expression is valid for
the autocorrelation function. Here a;
is a sample (instantaneous wvalue)
of f,(t) obtained at time t, and b,
is a sample of f5(t) obtained at time
(t47). The approximate value of
the correlation function “for each
value of 7 is obtained by suming N
products of sample pairs. The error
involved in this process can be cal-
culated, and it is found that when N
is of the order of magnitude of 10,-
000, the accuracy is adequate for

~ most purposes.

Correlators for obtaining this ap-
proximation can be constructed by
utilizing pulse-circuit techniques. To
obtain each point on a curve the fol-
lowing operations are needed: F'irst,
two samples of the input time series
separated by the time T are obtained.
The two sample values are multi~
plied and the resulting product

Fig. 2: Sampling sequence, single channel unit

stored. This process is repeated for
N different pairs of samples, Then
the N products are added and the
resulting value displayed as one
point on the curve. The entire proe-
ess is repeated for each different
value of v desired. The increment in
T between successive points on the
curve is referred to as Art.

The multiplication and addition
can be done by either digital or
analog techniques. Experience has
shown that digital equipment is in=
herently more accurate and flexible,
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but that analog equipment operates
more rapidly and requires much
simple circuitry. For example, the
digital single-channel correlator ?
at the Research Laboratory of Elec-
tronics at M. I T. contains 400
vacuum tubes; the single-channel
analog correlator? there requires
only 60. When At is 1 usec and 8000
sample pairs are taken, the digital
correlator requires 20 seconds to
compute one point on a curve; the
analog correlator, ten seconds. For
the computation of a complete curve
of 110 points, the analog correlator
needs 18 minutes, while a curve of
five points takes 50 seconds.

Correlation Funclions

The long-time intervals required
to obtain complete correlation func-
tions with this present equipment,
in addition to being time consuming,
limits the use of correlation tech-
nigues in many of their present ap-
plications. For example, the use of
correlation functions makes it pos-
sible to detect the presence of a
periodic signal obscured by noise.
This suggests the possibility of an
application to radar, but clearly, the
periodic signal must be detected
more rapidly than the correlators
described above are capable of doing
for any practical use to be made of
this property. An additional diffi-
culty presented by long-time inter-
vals of computation is that the char-
acteristics of the time series may
change during the period of observa-
tion. Then, each point on the curve
is obtained under different condi-
tions, providing erratic results.

Equipment for the more rapid
evaluation of correlation functions
is, then, highly desirable. This paper
describes a corrdlator? which has

orrelator

SAMPLING PULSE GENERATOR |

—

r A
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GATING CIRCUITS }
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TIMER N
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Fig. 3: Block diagrom of the five-channel correlator shows arrangement for sampling time serles

been designed with the primary ob-
jective of presenting rapidly the
approximate form of a correlation
curve, rather than obtaining a high
degree of accuracy. Five points on
the correlation function of a time
series are obtained simultaneously.
Because of this, and other time-
saving features, a curve of five points
is computed and presented in only
four seconds for the same value of
At and number of sample pairs men-
tioned above. The correlator can be
set to obtain any one of eight groups
of five points along a curve. It was
constructed for use as a practical
laboratory tool and also to test the
practicability of multi-channel cor-
relators. Important characteristics
of this equipment are given in Ta-
ble 1. A picture of the complete unit
is shown in Fig. 1.

To aid in explaining the operation
of the five-channel correlator, the
operation of a single-channel corre-
lator of the same type will first be
described. As previously indicaied,
the evaluation of a crosscorrelation
function involves the sampling of
two time series, f,(t) and fz{t), at
a time 7 apart. This is shown in Fig.
2. The first two samaple values, a,
and b,, are multiplied and the prod-
uct stored. The circuits in this equip-
ment require 400 usec to complete
this multiplication. After the 408
usec a second pair of samples, a,
and b,, is obtained, multiplied and
the product stored. This continues
until a predetermined number of
sample pairs has been obtained, at
which time the process is stopped
and the resulting sum of all the prod-

Fig. 4: Sampler operaiing sequemeés for obfoining [A) firsi and (B] second group of polnis on a rurve FING GHAIN COUNTER
Fig. 5: {r}] Sompling pulse generator derives pulses from T-me oscillator to trigger the ring-choin counter
A 3 o0
: i
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FIVE-CHANNEL ANALOG CORRELATOR

(Continued)

CATHODE FOLLOWER

INPUT  SIGNAL
SAMPLER TUBE

e

SAMPLING

CAPACITOR

PULSE

STRETCHING CIRCUIT

gL

QUTPUT

3
l

STORAGE

CAPACITOR

DISCHARGE TUBES

Fig. 6 Sumpling circuit samples input signal during 0.2 psec period and stores resulting value for 5000 Lsec with less thon 1% decay

ucts displayed as a point on the cor-
relation curve {for the particular
value of v used. The adder is then
reset and the next point on the curve
computed with the value of 7 in-
creased by the amount A,

The five-channel correlator oper-
ates in an analogous manner. A block
diagram of this correlator is pro-
vided in Fig. 3. The time series f, (t)
is sampled by the A channel sam-
pler. Then f,(t) is sampled by the
five B-channel samplers at five dif-
ferent times, the timing between the
A sampling pulse and each B sam-
pling pulse being correct so as to pro=-
vide the desired value of 7. The se-
guence in which the samplers oper-
ate when obtaining the first group of
points on a curve is indicated in
Fig. 4(A) and for the second group
of points on a curve in Fig. 4(B).
The value of At is set by the rate at
which the sampling pulse generator
is triggered. The proper timing be-
tween the A channel sampling pulse
and the B, channel sampling pulse is
obtained with the gating circuits.
These gating circuits can be set so
that any one of eight groups of points
along the curve can be obtained.

After the B-channel samples have
been taken, each B-channel multi-
plies its sample value by the A-

channel sample value and transfers
the product to its adder (the inte-
grator). When the sample counter
indicates that the proper number of
sample pairs has been collected, the
flow of products to the adders is
stopped and the resulting values for
the five different points on the curve
displayed. The adders are reset after
the display period, which is adjust-
able between seven and twenty sec-
onds. The reset operation requires
two seconds. The correlator can be
set so that the entire process is then
automatically repeated, or so that
the next group of points along the
curve is computed.

Circuitry

Some of the special circuits which
were developed for this correlator
will be described. Attempts were
made to achieve simplicity in the cir-
cuitry in order to limit the correlator
to a reasonable size. The component
circuits were designed to be applica-
ble to a larger correlator containing
50 channels, but the construction of
this correlator has not yet been
started.

A.  Sampling-Pulse Generator:
This circuit* generates sampling
pulses at intervals of from one to

TABLE I: CHARACTERISTICS OF 5-CHANNEL CORRELATOR

Input signal frequency range ...........

Available valves of At

.............................

................. 200 CPS to 300 KC

1,2,4,20,80 or 400 isec

Number of sample products obtained for each point on a curve 4000, 8000 or 16,000

Number of sample products obtained per second ........ 2500 for Atr=

Number of tubes excluding power supplies

1 “sec
500 for At=—400 #isec

.............................. 215

72

400 upsec depending on the desired
value of Ar. These sampling pulses
must be distributed to the five B-
channels. Requirements of accuracy
and wide frequency range led to the
choice of a ring chain counter dis-
tributor ecircuit for this purpose.
Fig. 5 is the block diagram of the
sampling pulse generator. A one
megacycle oscillator, peaker and
pulse-divider chain provide a train
of pulses occurring at the desired in-
terval of Ar. The pulses pass through
a gate circuit which interrupts the
pulse train during the 400-psec
periods which are required for the
multiplication circuits to operate.
The pulses which pass through the
gate are applied to the ring-chain
counter. The double blocks each rep-
resent one flip-flop (bistable multi-
vibrator) stage, the shaded half
representing the conducting tube in
that stage. Positive triggering pulses
are applied simultaneously to the
cathodes of the upper tube in each
stage; the plate of the lower tube
is connected to the plate of the upper
tube in the next stage. Thus the con-
ventional scale-of-two counter is
modified to provide triggering pulses
applied simultaneously to each flip-
flop stage. A flip-flop will not change
state when the positive pulse is ap-
plied to the cathode of the tube al-
ready in the non-conducting state.
The counter in Fig. 5 is in the zero
position, the condition that stage 0
will be reset by the next trigger
pulse. Thus, when the next trigger is
applied, stage 0 will be reset which
will trigger stage 1. No other stage
will change state. A subsequent in-
put pulse will reset stage 1, which in

(Continued on page 120)
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Mrain-Gage Remote Metering

AN/AKT-8 instrument incorporates multivibrator circuit in FM/FM system covering

215 te 230 MC range. Subcarrier oscillators packaged in miniature plug-in vnifs

o TRAIN gages are universally
used for the measurement of air-
frame stresses and as the basic
sensing element in many acceler-
ometers, pressure gages and other
measuring instruments., They can be
made to have an accuracy of better
than 19 of full scale, excellent line-~
arity and temperature stability.

However, they are one of the most
difficult types of instruments to in-
corporate inte FM/FM telemetering
systems. The main reason for this is
the low ratio of output to input volt-
age, A full scale, open circuit cutput
of 2.5 mv/v. input may be considered
typical for many strain gage instru-
ments. The resistance of the gages
is between 120 and 1000 ohms, al-
though we understand that at least
one manufacturer now offers a gage
of considerably higher resistance.
Heat dissipation in the bridge arms
limits the power input to approxi-
mately 0.25 watt for unbonded and
one watt for bonded gages so that
the maximuim voltage that may be
applied to a 120 ohm gage of either
type is § and 10 volts, respectively.
At full output, the bridge delivers
12.5 for the unbonded, and 25 mv for
the bonded type into a high imped-
ance load.

We now concern ourselves with
the problem of converting the bridge
ouiput voltage to a variable fre-
quency—constant amplitude voltage
for FM/FM telemeiering. One
method which has been uged ex-
tensively since about 1946 consists
of a phase shift oscillator containing
the strain gage bridge as a phase

Stastny Butts

By G. F. STASTNY

& R. S, BUTTS
Melpar, Inc., 452 Swann Ave.
Alexandria, Va,

shift element. The frequency of the
oscillator is dependent on the phase
shift in the loop and therefore is a
function of the bridge unbalance.

A block diagram of this arrange-
ment is shown in Fig la. One arm of
the bridge is shunted by a capacitor
so that a nearly 90° voltage, E,.,
exists at the bridge output when the
arms are balanced. When the bridge
is unbalanced a voltage of variable
magnitude and either leading or lag-
ging E_, is added. The resultant is a
vector voltage, E, having a loci as
shown in Fig. 1b. The frequency of
the oscillator is dependent on the
phase shift in the loop and therefore
is a function of the bridge unbal-
ance.

At bridge unbalance the oscillator
operates at the frequency for which
the phase shift in the RC network is
approximately 90°.

Fig, 1: {I} Phase shift
circuit, Fig. 2: ({r}

AMPLIFIER

FOR ¢ 7.5 % trequency deviation

Block diagram of the
multivibrater cireuit

For a frequency deviation of
-+ 759% of center frequency, which
is usual for FM/FM systems, the
corresponding phase shift in the RC
network will need be approximately
+43° (Fig. 1c¢). The magnitude of
the quadrapture voltage E,. is ad-
justed by selecting the wvalue of C
so that the resultant bridge output
voltage phase swings the same
amount at maximum bridge unbal-
ance.

Fairly good linearity of control is
possible since the cotengent of the
low pass filter phase angle deviates
from a straight line appreximately
3.99% over a total variation of %= 4.3°.
The loop gain variation as frequency
changes may have a secondary effect
on frequency of oscillation so as io
possibly effect linearity. This has not
been computed and experimental re-
sults show linearity of 29 may be
obtained.

Determining Gain

The gain required in the amplifiers
may be determined as follows. If the
commonly used 120-chm strain gage
bridge is considered we would use
a 9 to 1 turns ratio step down trans-
former between the driver tube and
the bridge for proper impedance
matching. The quadrature voltage
should be 14 times the unbalance
voltage, By, or 1/28 of the bridge in-
put voltage for == 4.3° phase devia-
tiori. The loss in the two stage RC
phase shifter will be approximately
2. Therefore, the minimum gain re-
quired from the bridge sutput to the
plate of the driver stage is approxi-
mately 500. The use of three stages
provides a sufficient additional gain
to permit negative feedback stabili-

MULTIVIBRATOR

|

- - B
o B TmiRe

FILTER

B Aa57:215°

©

L. P O Eout

AMPLIFIER
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REMOTE METERING

zation in the amplifier. An additional
stage would be required to isolate a
desirable low impedance output cir-
cuit from the high impedance oscil-
lator circuits.

The output voltage is found to
vary about 3% over the frequency
range. A low pass filter is needed
in the output to reduce the harmonic
distortion to 19 or less.

Another circuit we have recently
employed might be called a multi-
vibrator bootstrap circuit. A block
diagram is shown in Fig. 2. In this
arrangement the bridge is driven
with a square wave from the two
cathodes of the multivibrator. The
multivibrator grids are returned to
a positive bias voltage. The fre-
quency of the multivibrator is a
linear function of the bias voltage
over a considerable range.

The scheme is to superimpose the
amplified bridge square wave output
voltage onto the positive bias so as
to make the instantaneous bias and,
hence, frequency a function of the
magnitude of the bridge output voli-
age. Remember that the grid of the
tube which is not conducting in any
half eycle is the only one to be af-
fected by the instantaneous value of
the external bias. If the bridge out-

(Continued)

put voltage is not changing, both
grids are exposed to the same value
of bias since the polarity of the
bridge output voltage switches as the
multivibrator reverses. The circuit
employs five triode sections.

Fig. 3 is a curve of multivibrator
frequency as a function of positive
bias and shows the control range for
=+ 7% 9, frequency deviation, A bias
voltage change of =5 volts is re-
quired. A practical value of bridge
driving voltage for this arrangement
is 1 volt peak to peak. For a maxi-
mum 2.5 millivolt bridge output an
amplifier gain of 2000 is required.
This can be obtained with transfor-
mer coupling and three triode stages
with sufficient additional gain for
negative feedback stabilization. A
schematic of this circuit is shown
in Fig. 4,

Regulated Plate Supply

It is desirable to use a regulated
plate voltage supply for this multi-
vibrator type subcarrier oscillator
wherever possible since it is quite
voltage sensitive. However, where
battery operation is required, a cir-
cuit has been developed which
greatly reduces the effect of plate
voltage variation. The frequency of

T T A 1)
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Fig. 3: Bias contrel characteristic for mulii-
vibrator shows range for a deviation of 7.5%

the multivibrator decreases with in-
creasing plate voltage as shown in
Fig. 7. By adjusting the dc positive
bias applied to the grid returns of
the multivibrator, the frequency may
be readjusted to the nominal value
for any given change in plate supply
voltage. However, a nonlinear com-
pensation is required. This is pro-
vided by using a 9002 triode tube as
a nonlinear resistance element in a
voltage divider circuit. The same
compensating curve is applicable to
all six subcarrier oscillators so that
one compensator may be used to

Fig. 4: Circuit of multivibroter subcosrier oscillator emplops frinde stages with goin sufficient for negafive feedback stabilization
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Fig. 5: {1} Exploded view of AN/AKT.E EM/FM telemetering framsmitter. Fig. &: {z] One of six minlofure plug-In subcarrier oscillators in AN/AKT-8

regulate all six oscillators simul-
taneously.

To maintain reasonable accuracy
under varying temperature condi-
tions, the HC combinationn in the
grid circuit of the multivibrator is
designed to remain nearly constant
under varying temperature condi~-
tions.

Temperaiure Cocliicient

The capacitors used in the grid
plate coupling circuits of the multi-
vibrator are vitreous enamel dielec-
tric type having a temperature co-
efficient of 4-120 parts per million
per degree C. This coefficient is guite
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Fig. 7: Plate voltage tompensation surve

stable and apparently reproducible
in production quantities. In fact, the
tolerance on the temperature co-
efficient is stated by the manufac-
turer to be = 5 ppm/°C. If this posi-
{ive temperature coelfficient can be
matched with a stable resistor hav-
ing a negative coefficient, of the same
value, a constant RC product with
respect to temperature will result,
This condition is approached by the
use of a series combination con-
sisting of & wirewound resistor hav-
ing a negative coefficient of 10 to
30 ppm/°C and a deposited film re-
sistor having a negative coefficient
of 280 to 420 ppm/°C. The resistance
values of the two resistors are pro-

portioned so that the resultant tem-
perature coefficient of the combina-
tion is — 120 ppm/°C.

Resistors and capacitors having
standard production tolerances of
temnperature coefficient have been
used in a limited number of oscil-
lators with a fairly low rejection rate
of completed oscillators due to ex-
cessive temperature drift. The latter
can be held to a value less than
+ .75% of center frequency over a
teraperature range of — 17 to ~-40°C.

This multivibrator type circuit has
been incorporated into a six channel
FM/FM telemetering transmitter
which bears the nomenclature
AN/AKT-8. This is shown in Fig. 5.
The six subcarrier oscillators are
packaged as individual plug-in units,
miniature construction being used.
Fig. 6 is a photograph of one of
these units. The overall dimensions
of each of the subcarrier oscillators
are 85 x 5 x 1 inches and the weight
is 1.5 Ibs. The use of an etched foil
conductor process resuilts in a readily
serviceable unit with access to all
components. With the exception of
the capacitors in the multivibrator

and the components in the output
circuit, all six channels use the same
parts.

Resistance and capacitance bridge
balance controls have been incorpo-
rated into each of the subcarrier
chassis so that no external bridge

Fig. 8: R-F transmitter rovers 215-230 MC

balancing components are required
in the installation.

The AN/AKT-8 employs an r-f
transmitter having a diameter of 2
in. and a length of 4 in. It is shown
in Fig. 8. The weight of the r-f
transmitter is 1 lb. The {ransmitter

{Continued on page 176)
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nce again New York City plays

host to the IRE’s National Con-
vention, March 23-26, 1953. Some 220
technical papers will be presented at
43 sessions held in the Waldorf-
Astoria Hotel, Belmont Plaza, and
Grand Central Palace. A record at-
tendance of 30,000 radio engineers
from all over the world is expected
to view the 400 exhibits which will
fill the four floors of Grand Central
Palace. Exhibits on the third and
fourth floors will be grouped accord-
ing to such subjects as audio, com-
ponents, instruments, mobile equip~
ment, military radio and computers.
Several theaters will be provided for
audio and TV demonstrations. The
comprehensive display of radio-elec-
tronic aparatus is valued at $10 mil-
lion.

Convention Highlighits

Other highlights of this impressive
1953 Convention will include the pre-
sentation of the gavel of office to
IRE president J. W. McRae by his
predecessor D. B. Sinclair, and the
principal address by William R.
Hewlett of Hewlett Packard Co. at
the March 23 opening meeting at
10:30 AM in the Waldorf-Astoria
Grand Ballroom. A get-together
cocktail party will be held the eve-
ning of March 23. On March 25, the
Annual IRE Banquet will feature an
address by David Sarnoff.

Since Grand Central Palace is not
expected to be available next year,
plans are under way to hold the 1954
Convention in the Kingsbridge Ar-
mory, Bronx, N, Y., one of the largest
in the world.

The technical program includes
the following papers:

Grand Central Paiuce, scene of
this year’s IRE Show, will dis-
play over 400 exhibits in 1953

Preview of the

995

Record-breaking meeting to hear 220 technical
dustries. Turnout of 30,000 engineers expected

Monday, March 23
ANTENNAS |—GENERAL

“The Measurement of Highly Directive An-
tenna Pafterns and Over-All Sensitivity
of a Receiving System by Solar and Cos-
mic Noise”—J. Aarons, Air Force Cam-
bridge Research Center.

“Radiation Patterns for Aperture Antenunas
with Non-Linear Phase Distributions’—
C. Allen, General Electric. :

“Factors Affecting Radiation Patterns of
Corrugated Surface Antennas’—M. Ehr-
lich and L. Newkirk, Hughes Aircraft.

“A Microwave Anechoic Chamber for An-
tenna Pattern Measurements”—A. H. Sim-
mons, Naval Research Lab.

“Wide-Frequency-Range Tuned Circuits and
Antennas”—A. G. Kandoian and Sichak,
Federal Telecommunication Labs.

TELEVISION |

“Theory of Synchronization Applied to
NTSC Television”—D. Richman, Hazeltine.

“Color Synchronization in the NTSC Color
Television Receiver by Means of the Crys-
tal Filter’—W. E. Good, General Electrie.

“Automatic-Phase-Control Color Synchroni-
zation for NTSC Color Television”—D.
Richman, Hazeltine.

“Transient Response In a Color Carrier
Channel With Vestigial Side Band Trans-
mission”’—J. S. 8. Kerr, General Electric.

“Transients in Color Television”—P. W,
Howells, General Electric.

CIRCUITS |—NETWORK THEORY

“A  General RLC Synthesis Procedure’’——
L. Weinberg, Hughes Aircraft.

“A General Theory of Wide-band Match-
ing”—H. J. Carlin and R. LaRosa, Poly-
technic Institute of Brooklyn.

“Synthesis of Electric Filters With Arbitrary
Phase Characteristics’—B. J. Bennett,
Stanford U.

“Wide-Band Filter Amplifiers at Ultra-High-
Frequencies”—J. M. Pettlt, W. A. Chris~
topherson and D. O. Pederson, Stanford U.

“Network Analysis With the Aid of Gen-
erating Polynomials”—H. Kurss, Poly-
technic Institute of Brooklyn. i

“Two New Equations for the Design of Fil=
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tgrs”——M. Dishal, Federal Telecornmunica-
tion Labs.

ELECTRONIC COMPUTERS [

“Multichannel Analog Input-Output Con-
version System for Digital Computer”’—
P. A. Adamson and M. L. MacKnight,
Hughes Aircraft.

“An Analog to Digital Converter With an
Improved Linear Sweep Generator”—D.
W. Slaughter, Calif. Institute of Tech-
nology.

“Dynamic Binary Counter With Analog
Read-Out”—1.. Packer, Columbia U.

“Life and Reliability Experience With
Transistors in a High Speed Digital Com-
puter”—J. J. Scanlon, Bell Tel. Labs.

“Engineering Experience in the Design and
Operation of a Large Scale Electrostatie
Memory”—J. Logue, A. Brennemann and
A, Koelsch, IBM.

SYMPOSIUM: INSTRUMENTATION [—AUTOMATIC

“A New Method for Measuring Noise Figure
and Gain of a Radar Receiver”—R. J. Par-
ent and V. C. Rideout, U. of Wisconsin.

“Automatic Instrumentation for Continuous
Monitoring of Systems Performance’—
M. V. Ratynski, M. Kant and H. Webb,
Rome Air Development Center.

“Automatic One-Shot Methods for Band-
width Measurement”—J. B. Woodford, Jr.
and E. M. Williams, Carnegie Institute of
Technology.

“Microwave Power Meter with Automatic
Zero Setting and Telemetering”—L. A,
Rosenthal and G. M. Badoyannis, Rut-
gers 1.

“Monitoring of Errors in Synchro Serve
Systems”’—G. Quazza, Polytechnie Insti-
tute of Brooklyn.

RADIO LOCATION, NAVIGATION AND AIRBORNE
ELECTRONICS

“The Technique of Monopulse Radar’—
W. Hausz, General Electric.

‘“Reducing Sky Wave Errors in CW Track-
ing Systems”—M. 8. Friedland, Patrick
Air Force Base, and N. Marchand, Elec-
tronics Lab.

“An Application of Integrator Type Signal
Enhancer to Direction Finding Equip-
ments”—C. A. Strom and J. A. Fantoni,
Rome Air Development Center.

“A Theory of Target Glint or Angular Scin-
tillation in Radar Tracking”—H. Delano,
Hughes Aircraff.

‘“Automatic Dead Reckoning Navigation
Computers for Aircraft”—J. L. Dennis,
Wright Air Development Center.

Tuesday, March 24

ANTENNAS 1l—MICROWAVE

“Arrays of Flush Mounted Travelling Wave
Antennas”—J. N. Hines, V. H. Rumsey
and T. E. Tice, Ohio State U.

“Transient Build-Up of the Antenna Pat-
tern in End-Fed Linear Arrays’—N. H.

Enenstein, Hughes Aircraft.

“A New Microwave Reflector”—EK. 5. Kelle-
her, Naval Research Lab.

“Crosstalk in Radio Relay Systems Caused
by Foreground Reflections’’—H. W. Evans
Bell Tel. Labs.

“Low Side Lobes in Pencil-Beam Antennas”
—E. M. T. Jones, Stanford Research Insti-
tute.

TELEVISION 11

“Probability Distribution Measurementis of
Television Signals”—W. TF. Schreiber,
Cruft Lab., Harvard U.

“Colorimetric Properties of Gamma-Cor-
rected Color Television Systems”’—D, C.
Livingston, Sylvania.
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IRE Convention

papers covering all phases of the electronic in-
fo view 400 exhikits valued at $10 million

‘“Phase Measurements at Subcarrvier Fre-
quency in Color Television”—A. P, Stern,
General Electric.

“A Precision Line Selecior for Television
Use”—I. C. Abrahams and R, C. Thor,
General Eleciric.

“A Monitoring System for NTSC Color Tele-
vision Signals”’—C. E. Page, Hazeltine.

CIRCUITS 11—SYMPOSIUM: PANEL DISCUSSION
ON WIDEBAND AMPLIFIERS

“Conventional  Amplifiers”—W.
Philco.

“Feedback Amplifiers”’—H. N. Beveridge,
Raytheon.

‘“Transistor Amplifiers”—ER. L. Wallace, Bell
Tel. Labs.

“Distributed Amplifiers’-——~W. G. Tuller and
E. H. Bradley, Melpar Electronics.

Bradley,

“Traveling Wave Tubet

Field, Stanford U.

ELECTRONIC COMPUTERS II

“Analog Compuiing with Magnetic Ampli-
fiers Using Multi-Phase A-C Volfages'’—
J. B, Richardson, Hughes Alrcraft.

“Some Recent Developments in Logiecal ‘Or-
and-Or Pyramids for Digital Computers”’
—C, Leondes, U. of Pennsylvania,

“Magnetic Core Switches as Logical FEle-
ments in Computers’”—E. A. Sands, Mag-
netics Research.

“Magnetic Shift Register Using One Core
Per Bit’'—R. D. Kodis, 8. Ruhman and
W. D. Woo, Raytheon.

“Simple Computer for Automatically Plot-
ting Correlation Functions”—A, H. Schoo-
ley, Naval Research Lab.

(Continued on page 135)

Amplifiers’’—L.

Dr, James W, McRae
President of the iRE for 1953

TECHNICAL PAPER TOPICS, SYMPOSIA, and THEIR LOCATIONS for 1953 IRE CONVENTION

BELMONT-PLAZA
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RELIABILITY OF

pentary Su

Performance records show over 50,000 hours of satisfactory operation for

each failure. Rugged consfruction withsiands exfreme shock and vibration

By ROSS WOOD

Raytheon Manufacturing Co.,
55 Chapel St., Newton 58, Mass.

NE of the requirements of reli-

able tubes is uniformity of
characteristics, not only from tube
to tube, but as shown by stability of
characteristics throughout the ex-
pected or intended operating life.
For one application reliability might
be achieved by long life under nor-
mal conditions of operation. In an-
other application a short operating
life of a few hundred hours or per-
haps even a few hours might be ac-
ceptable in exchange for greater
freedom from early failures under
severe operating conditions. Still an-
other might require a high probabil-
ity of successful operation for at
least an extremely short time im-
mediately after a long period of
inactivity.

Bifferent Environments

Another important requirement of
a reliable tube is its ability to oper-
ate satisfactorily in a wide range of
different environments. In various
applications, extremes of ambient
temperature are encountered. In
some cases shock and vibration may
constitute the principal hazard. Per-
haps a short period of severe shock
or vibration might cause permanent
damage to the structure thus leav-
ing the tube in an inoperative con-
dition after the environment had
changed to a more flavorable one.
Operation might be required during
shock and vibration in which case
the resulting electrical output would
be the principal cause of concern.

A third requirement is the ability
to function satisfactorily over a
wide range of electrical operating

TABLE I: Life Tests Representing 13,500,000 Tube-Hours

conditions. A single tube type may
be expected in one application to af-
ford reliable operation in conserva-
tive Class A amplifier service, in an-
other the demand will be for high
peak current in a Class C circuit,
and in still another freedom from
grid emission may be the outstand-
ing requirement. At the same time
each of these applications may re-
quire the tube to deliver its own
peculiar kind of service while the
voltages supplied to it are varying.

Degign Factors

In view of these requirements it
is worthwhile to outline briefly the
design factors which are common to
both filamentary cathodes and indi-
rectly heated cathodes before pro-
ceeding with a more detailed discus-
sion of the filamentary subminiature
tube. Of course, good workmanship
and adequate processing are pre-
requisites to reliability in a tube of
any size, shape or construction.
Uniformity of characteristics from
tube to tube requires, in addition,
that the mechanical design should
provide precise control of the critical
spacings between elements. Under
conditions of shock and vibration it
is necessary to limit the relative
motion between elements. This mo-
tion can originate at the supports,
for example from a loose fit between
the grid siderods and the micas, or
from the bending of the element..In
either case, in order to minimize the
electrical output it is quite impor-
tant to maintain symmetry with re-
spect to the plane through the grid
siderods and the cathode.

Let us now compare the factors
affecting reliability in indirectly
heated cathode tubes which differ
from those affecting reliability in

filamentary types. First we have the
possibility of failure of the heater
structure. This is most likely to hap-
pen in one of three ways: heater-
cathode shorts may result from the
mechanical failure of the insulating
heater coating or from inadequate
spacing between uncoated portions
of the heater and the cathode,
heater-cathode leakage may de-
velop, or open heaters might result
from damage done to the heater
wire while it was being formed or
from portions of the heater with low
thermal inertia overheating when
the power is first applied. In the fila-
mentary type tube, since there is no
separate heater and cathode, the
hazard of heater-cathode shorts or
leakage is non-existent. The reduc-
tion in the number of parts by the
elimination of the heater-cathode
assembly and the reduced number
of welds further reduce the hazard
of mechanical failure in the filamen-
tary tube, The hazard of the open
filament as compared with the open
heater is somewhat reduced because
of the greater structural simplicity
of the filament and its lower oper-
ating temperature.

Spacing of Elemenis

Another significant difference be-
tween the cathode-type and the fila-
mentary-type lies in the relative
spacings from cathode to grid. The
need for improved characteristics
has forced the designer of the
cathode-type tubes to resort to ex-
tremely close spacings of approxi-
mately two thousandths of an inch
between the cathode coating and the
inner surface of the grid winding.
The closest corresponding spacing
found in the filamentary types is
about twice this distance or 0.004 in.

TABLE 1i: Life Tests Representing 47,000,000 Tube-Hours

Nature of Mumber of Tubes % of Tukes Tube-Hours Nature of Number of Tubes | Tube-Hours Per
failure Failing Failing Per Failure Failure Failing Failure

4 Blass 9 0.02 1,500,000 Slass 16 3,000,000
?I;Mechunicul 48 0.18 284,000 Mechanical 120 397,000
Characteristic 197 0.72 69,000 Characteristic 685 69,000
all 254 0.93 54,000 ARl 821 58,000
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This greater spacing in the filamen-
tary tube is brought about not so
much from the desire for greater
reliability at the expense of charac-
teristics as from the fact that we do
not know how to make the tube in
production gquantities with the
closer spacing.

Emission Efficiencies

Still another difference between
the two types of cathode is shown
by a comparison of thermionic emis-
sion efficiencies. In the cathode-type
CK6148, which is the reliable sub-
miniature counterpart of the 6AKS5,
we use in normal operation a space
current of 10 ma or 8 ma/watt of
heater power, whereas in the fila-
mentary subminiature type 1AD4
the corresponding figure is 3 ma or
24 ma/watt. If we make the com-
parison on the basis of the ratio of
mutual conductance to total power
input, we find that the CK6148 pro-
vides 2,000 micromhos per watt
while the 1AD4 shows 8,000 mi-
cromhos per watt. Thus for applica-
tions where the heat introduced by
the tube is important to reliability
the filamentary type has the advan-
tage.

The filamentary subminiature has
much to offer in its ability to with-
stand severe shock and vibration
without suffering permanent dam-

age. In both types of subminiature
the factors of small size, low mass,
and short spans both lengthwise and
laterally contribute greatly toward
improved strength. The effect of
short spans is of particular impor-
tance since, under a given accelera-
tion, the deflection of a beam is di-
rectly proportional toc the fourth
power of the length. Thus a 1% de-
crease in the length of an element
results in about a four percent de-
crease in the deflection. Since the
bending moment wvaries as the
square of the length, a 19, reduction
length will accommodate a 29 in-
crease in acceleration beforé per-
manent deformation results. In ad-
dition the filamentary type offers a
very much smaller cathode mass
than does the heater-cathode com-
bination with consequent reduction
of the hazard of mica damage as a
result of shock, Again comparing the
6AKS with the 1AD4, the ratio of

cathode assembly masses is about

100:1.

Shock and Vibration

In many of the applications which
have developed in recent years =

highly

important,

and frequently

absolutely essential, requirement for
reliability is that the electrical out-

put during

shock and vibration

should be so low as to approach the

inherent thermal noise level of the
system. In order to minimize the
electrical output during vibration,
two important factors must be con-
sidered. One is the reduction of
relative motion between the tube
elements, the other is the attainment
of both electrical and mechanical
symmetry with respect to the twgo
working faces of the cathode.

Motion Beiween Elemenis

Several methods have been em-
ployed successfully with both fila-
mentary and cathode types to re-
duce the motion between the tube
elements and the supporting mica
spacers. These include the use of
tight grid-holes and cathode-holes
in the micas, the use of double mica
spacers both top and bottom, and in
some casez the more positive an-
chorage of the grids by means of
straps or stakes riveted to the mica.

The next factor requiring atten-
tion in the reduction of relative mo-
tion is the bending of the elements
under conditions of shock and vi-
bration. This manifests itself in two
ways: as excitation of mechanical
resonances within the structure,
and as forced vibration of the ele=-
ments at frequencies far removed
from the natural resonant {re-
gquencies.

(Continued on page 112)

Navy Releases Authorized Reliable Tube List

HE Department of the Navy has issued a reliable
tube list describing tube types, lower quality count-

erparts, approved supply sources, a

nd factors affecting

interchangeability. They are divided into two groups:
Group A, production types; and Group B, development-

GROUP A PRODUCTION TYPES

Spec. Reliable Lower Quality
No. Tube Type Counterpart
2 5Y3IWGTA 5Y3GT
4 EAUEWA 8AUG
4  BSKTWA 6SK7, 6SKTW
4 5654 6AKS5, 6AKSW
4 5670% 2C51
1 5686
4 5725 6ASE, 6ASEW
4 5726 6ALS, 6ALSW
3 5727 2021, 2D21W
4 5749 6BAS
4 5750 ERES
4 5751:¢ 12AX7
4  5814a 12ZAU7
4 6005 6AQ5, BAQSW
4 60722 12ZAY7
4 6135 6C4, 6C4W

production types. The pertinent specifications and inter-
changeability factors (where present) are described in
the footnotes below the main listing, which supersedes
listings prior to Nov. 13, 1952,

GROUP B DEVELOPMENT-PRODUCTION TYPES

Approved Spec. Reliable Lower Quality Approved
Source No. Tube Type Counterpart Source
Hytron 11 OA2WA OA2, 6073 Hytron
G.E. 11 OB2WA 0B2, 6074 Hytron
G.E. 11 SRAWGYAP 5R4GY, 5RAWGY Chatham
Raytheon, G.E.,, RCA 5 5Y3WGTB  5Y3GT G.E.
Sylvania, Tung-Sol 6 6ACTWA BACT7, 6ACTW G.E.
G.E.,, Bendix, 11 EAK6WA 6AKS National Union
Raytheon 11 6ANSWA 6ANS Raytheon
G.E., Raytheon 9 BC4WAPD 6C4, 6C4W Raytheon
Raytheon, G.E. 7 6J4WA 6J4 RCA, Sylvania
Raytheon, G.E,, 8 6JEWA 6J6, 6JEW Raytheon, Sono-
Tung-Sol, Hytron, tone, Westinghouse
Sylvania, RCA 11 6SNTWGTA  6SN7GT, 6SNTWGT Sylvania
G.E. 6 12ATTWA 12AT7 G.E.
G.E., Sylvania, 11 80TWAD 5933, BOTW, 807 Sylvania
Raytheon, Tung-Sol 9 5651WA 5651 Chatham, Raytheon
G.E. 11 5687TWA 5687 Tung-Sol
G.E. 10 6080W AR 6080, 6ASTG RCA
GE., Raytheon,. 1. MIL 28 Feb, 1952 7. BuShips 4 Feb, 1952
Hytron, Sylvania 2. MIL 25 June 1952 8. BuShips 21 Feb. 1952

3. MIL 27 Aug. 1952 9. BuShips 4 Mar. 1952

4, MIL 28 Oct. 1952 10. BuShips 5 Mar. 1952
G.E. 5, Buships 20 Jan, 1952 17. BuShips 13 Mor, 952
G.F. 6. BuShips 28 Jun, 1952
G.E.

2. Reliable tube draws 1/6 more heater current than counterpari
b. Reliable tube bhulb shape different than counterpart

¢
d.

. Reliable tube mu is 70 instead of 100

Reliable tube base differeni than counterpaivt
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Fig. 1:

Canadion  Broadcasting Corporation’s master

contrel installafion at Monireal feeds the outpuils of 24 studios to eight network lines

Avoidance of Crosstalk
in Large Audio Distribution Systems

Master control at Canadian Broadcasting Corp., one of world’s
180 program amplifiers

uses

OR more than a year, the new

Master Control equipment at the
Montreal headquarters of the Cana-
dian Broadcasting Corporation has
been in full operation. This system
is one of the largest in the North
American continent, and maialy in
order to save space and installation
labor, nearly all the wiring is car-
ried out in unshielded telephone
cable. In spite of this, the perform-
ance of the equipment, especially as
regards noise and crosstalk, is of a
very high order,

The installation, is pictured in Fig.
1. The center section comprises the
preset switching system, connecting
as required the outputs of 24 studios

to eight outgoing network lines, to-

gether with input and output gain
controls and output volume indica-
tors. The right hand wing houses the
order wire switchboard and the vol-
ume indicators and switching asso-
ciated with five local transmitter
lines. In the left hand wing are the
control panel for an elaborate moni-
toring selector and a device for feed-
ing various cue programs back to the
studios. The remainder of the bays
carry the 180 program amplifiers
and their associated jackfields, as
well as such accessories as receivers,
test equipment, and power distribu-
tion panels.

More Wire Needed

At the request of the C.B.C., and
in order to facilitate any changes in
circuitry which future operations re-
quire, the inputs and outputs of
every amplifier are connected to
their corresponding jacks by way of

80

unshielded wire to

inferconnect

Thompsen

Tanner

By R. H. TANNER and
G. B. THOMPSON

Northern Electric Co., Ltd.
Belleville, Ontario, Canada

a large telephone type distribution
frame (Fig. 2), located on the floor
below, on which the cross jumpering
may readily be changed. While this
is obviously a very valuable feature
from the point of view of the user,
it results in a very considerable in-
crease in the amount of wire re-
quired, For example, an incoming
network program may be taken from
the distribution frame to the main
panel or down again thirteen times
before it reaches an outgoing line.
The possibilities of picking up cross-
talk and noise are obvious. Fig. 3
shows the rear of a portion of the
equipment, and illustrates the size
of cables necessary even with un-
shielded wire. It is obvious that the
use of shielded pairs would have
been virtually impossible.

We may now turn to the precau-
tions taken in the original design to
avoid crosstalk and to the remedies
which had to be applied to cure the
crosstalk  which manifested itself

largest,

when the equipment had been built
and installed. The first requirement,
of course, is good well paired and
balanced cable. Good telephone ca-
ble, now available in both lead and
plastic sheaths, has a very high in-
herent attenuation from pair to pair
provided that considerable care is
exercised in the installation and wir-
ing. For example, the lay of the
twisted pairs should never be dis-
turbed except at the very ends
where, of course, the wires have to
be fanned out for connections. In
particular, the accidental use of
“split pairs,” which in a large multi-
conductor cable is sometimes only
too easy, must be avoided at all
costs, since it will inevitably intro-
duce a large amount of crosstalk and
yvet may be extremely difficult to
locate.

Cost Faciors

As far as the amplifier design is
concerned, the additional cost of well
shielded input transformers, which
may be used in systems in which the
balance of the interconnecting cir-
cuits is none too good, must be
weighed against the cost of improv-
ing this balance so as to allow the
use of lower quality transformers.
In a large system such as we are
dealing with, it is probable that the
saving effected through the use of
unshielded transformers more than
pays for the additional precautions
needed in the cabling. It is also im-
portant that, where several ampli-
fiers are to be fed from a common
power supply, the distortion should
be kept to a very low figure (less
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than 19), as otherwise any common
coupling in the power leads can
cause crosstalk during passages of
heavy program. For the same rea-
son, the use of amplifiers other than
Class A should be avoided. In our
case, considerable trouble was
caused by the inclusion of a 1 ohm
metering resistor in the common B-
return of each nest of four ampli-
fiers. The power supplies should be
of the voltage regulating type in or-
der to ensure the lowest possible
output impedance.

Greunding Arrangements

In any large system, the grounding
arrangements are always important.
In particular, care must be taken to
keep shielding and current carrying
grounds separate, except for a single
connection, the location of which
may sometimes have to be deter-
mined experimentally. The main
building ground must be adequate
and, if possible, leakage from any
item of equipment to this point
should be prevented. For example,
it may sometimes be necessary to in-
sulate the racks from a fleor in
which steelwork is present. Origin-
ally, the CB.C. installation was
equipped with a heavy conductor
connecting the common B- of all the
power supplies to the building
ground: it was found necessary to
cut this, and ground the B- to the
equipment frame at a point adjacent
to the meter panel.

As far as the grounding of the pro-
gram circuits themselves is con-
cerned, two different systems are
practicable. The first is to ground all
the available center taps (such as
transformers, balanced potenti-

Fig. 2: (I} Front view of distribution frame shows flexible jumper-jack
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PTEANT

Fig. 4: Set-up for measuring crosstalk employs fone

ometers, pads, etc.); the second is to
ground as few as possible, normally
one on each circuit loop. The latter
is usually preferable as it eliminates
the possibility of Iongitudinal mag-
netic pickup in the cables.

Wifferential Ohmmeler

Stray and unintentional grounds
are of course quite fatal and must be
discovered and eliminated at the
earliest possible stage. For this pur-
pose, we used a home made gadget
called a differential ohmmeter (or
more familiarly, a “whiffledink”}
which is shown in Figure 5. The de-
vice consists of a dc selsyn of the
aircraft fuel gauge type, a battery
and a jack. When patched to a cir-
cuit, it detects a grounded conductor
and identifies it. Similarly, by delib-

iy
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arrangement for changing amplifier connections. Fig. 3:

XTR. C
RM

28 |+spAM

TO NET FEED 58

fed into five inputs, energizing 103 amplifiers

erately grounding one end of a pair,
the other end may readily be
found.

In general, throughout a system
of this kind, all circuits of any length
should bhe balanced to ground with
reasonable accuracy. In the appara-
tus under discussion this is done
with all the busbars across which
amplifiers are bridged, either by the
use of balanced attenuators, the cen-
ter points of which are grounded,
or by two equal resistors from each
side to ground. Of course in cases
where the circuit is fed from or ter-
minated in a center tapped transfor-
mer, the connection of this tap to
ground often provides the simplest
and most accurate means of balanc-
ing. In practice, it is sometimes pos-

(Continued on page 147)
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Frequency Range for Air-Dielectric

RTMA standards now being established for rigid, gas-filled coaxial lines set up fre-

guency limits for various sizes. Results of calculations for 50-ohm and 75-ohm lines

CYLINDRICAL WAVE CORRECTION FAGTOR FOR TE.,
MODE CUTOFF IN COAXIAL LINE 7« 75 OnMs
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Fig. 1a: Wave correction factor for 75-ohm line

By OWEN FIET W. E. DAY
RCA Victor Div. L. H. Terpening Co.
Radic Corp. of 16 W. 61 St
America New York 23, N.Y.
Camden, N.J.

neg RTMA Subcommittee on Air

Dielectric Coaxial Transmission
Lines (TR 9.11.2) is engaged in set-
ting up a standard for tubing di-
mensions and tolerances for coaxial
transmission lines of the rigid, gas
filled type. These lines are to have
electrically transparent supporting
structures with a nominal iterative
impedance of 50 ohms. See Table 1.
In the course of these activities it
appeared desirable to specify fre-
quency limits for the various sizes of
coaxial transmission lines to be in-
cluded in the standard. The problem
of establishing frequency limits was
turned over te the authors of this
paper for their consideration. The
problems considered were two-fold.

Fig. 1: {I) Wave correction factor for 50-ohm line
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Fig. 2a: Diameter ratios 75-ohm coaxial line

J. GRIESMANN J, VOGELMAN

Polytechnic Rome Air
Institute Development
of Brooklyn Center
Brooklyn, N.Y. Rome, N.Y.

1. The determination of a set of
criteria from which could be derived
the frequency limits for the various
sizes of transmission line,

2. Establishment of the actual fre-
quency limits,

Criteria for Frequency Range

A  uniform coaxial transmission
line will transmit in the funda-
mental transverse electromagnetic
(TEM) mode all frequencies. At the
lower frequencies the characteristic
impedance of the ecoaxial trans-
mission line is no longer a function
only of the inside diameter of the
outer canductor and the outside
diameter of the inner conductor.

Fig. 2: (r) Diameter ratios for 50-ochm coaxial line

From a constant impedance point of
view, it must be considered that the
lower frequency limit falls some-
where in the very low radio fre-
quency band and is determined by
the deviation of the impedance of a
finite length of the transmission line
from the specified tolerance on the
iterative impedance.

At the high frequency end the
existence of higher order (wave-
guide) modes will produce apparent
changes in the iterative impedance
and will result in reflections of un-
desirable magnitude. For a uniform
coaxial transmission line without
any discontinuities or supporting
structures, it would be possible to
transmit the fundamental TEM
mode at frequencies above the cut-
off of the TE and TM waveguide
modes. In this type of transmission
line, if a pure TEM mode is excited
at the input; it would be the only
mode propagating as long as the
transmission line had no perturba-
tions which could excite the higher
order waveguide modes. In actual
practice, it is extremely difficult, if
not improbable, to achieve a per-
fectly uniform transmission line. Ac-
cordingly, it is the desirable practice
to set the upper frequency limit for
TEM mode propagation at a fre-
quency where all higher order
modes are below cutoff, at least in
the gas filled portion of the coaxial
lines. The upper frequency limit of
a coaxial transmission line is de-

d
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Coaxial Lines

termined by the cutoff frequency of
the higher order waveguide modes
of propagation since their existence
will affect the impedance of the line
and the transmission characteristics
of the normally propagated TEM
coaxial mode. The waveguide mode
which has the lowest cutoff fre-
quency is the TE,, mode; and, for
most practical applications this cut-
oif frequency is the upper limit of
operation of the coaxial transmission
line. The presence of dielectric sup-
porting structures requires that the

TABLE 1~—Dimensions, Tolerances, Herative Impedance and Cutoff
Frequencies for Rigid Air Dielectric Coaxial Transmission lines

- 1
f OUTER CONDUCTOR INNER CONDUCTOR Zoz 50 OHMS
Iterative
Maximum "Maximum Impedance
Wall Deviation wall Deviation {ohms)
Line A B Thickness From C D Thickness From Max.
Size Dia. Dia. Nominal Average Dia, Dia. Nominal Average Nominal Min.
6.125 5.981 2.600 2.520 50.15
6-1/8 0.072 .012 0.040 L0075 50
+.008 +.008 +.004 +.004 49.82
3.125 3.027 1.315 1.231 50.26
3-1/8 0.049  .0075 0.042  .005 50
+.005 +,005 +.003 +.003 49.73
1.625 1.527 0.664 0.588 50.31
1-5/8 0.049  .005 0.038  .005 50
=£.003 +.003 +.0025 +£.0025 49.64
0.875 0,785 0.431 0.291 50.57
T/8 0.045 ,005 0.025 .003 50
+.0025  +.0025 +.002 +.002 49,48
0.375 0.285 0.125 50.83
3/8 0.045 .0045 =——= Rod ~——= 50
+.602 +.002 +.002 48.07

TABLE 1A-—Dimensions, Telerances, lterative Impedonce and Cutoff
Frequencies for Rigid Air Dielectric Couaxial Transmission Lines

OUTER CONDUCTOR INNER CONDUCTOR ZO=75 OHMS
Iterative
) Maximum Maximum Impedance
Wall Deviation Wwall Deviation {ohms)
A B (PR Line A B Thickness From c D Thickiess From Max.
—— * Size Dia. Dia. Nominal Average Dia. Dia. Nominal Average Nominal Min.
i 6.125 5.981 1.716  1.836 75.14
6-1/8 0.072 012 0.040 .0075 75
+.008 +.008 +.004 +.004 74.70
T ' o 3125 3.027 .869 789 75.20
Lross-sectional couxial line dimesnsions 3-1/8 0.049  .0075 0.040 .005 75
£.005  +.005 £.003  +.003 4,59
1.625 1.527 438 362 0.038 008 75.297
. . R 1-5/8 0.048  .005 . . 5
dimensions of the inner and/or outer £.003  £.003 =002 £.002 74.49
- . . . 0.875  0.785 .226 176 75.53
cunc’%uctor be modified to maintain /8 0.045 005 0.025  .003 75
the impedance. Thus, the cutoff fre- £.0025 4+.0025 £.002_ +.002 74.09
Rl ] . 0.375  0.285 .082 75.74
quencies in the suprrtmg structure 3/8 0.045  .0045 | eeec- Rod = ----- 75
will differ from that for the uniform +.002  +.002 +.001 73.43

air dieleetric coaxial line. The cui-
off frequency in the dielectric sup-

porting structure will always be
lower than that in the uniform gas
filled region, since the known solid
dielectrics have in general a relative
dielectric constant much larger than
that of air.

Cuiolf Frequency

The TE,, mode cutoff frequency
can be readily estimated from the
mean circumference calculated from
the outer conductor inside diameter

to one wavelength at the cutoff
frequency. This will be in error by
less than 3% for 50 ohm coaxial
transmission line with insulating
materials ordinarily utilized in high
frequency operation. A small cor=
rection factor K., (see Fig. 1} ap-
plied to the cuteff frequency will
give a result corresponding to the
exact solution wsing cylindrical
waves. The equations are given for
the general case and for 50 ohm
transmission lines. Figs. 1 and 2 will

structure dielectric materials.

For any uniform coaxial transmis-
sion line the cutoff frequency of the
TE,, mode is given by:

2cK,
fG =
Ve m (D +d)
7514 K,

(D

—

Ve (D +d)
and the impedance for air dielectric
is:

and the inner conductor outside aid in the calculation of the cutoff 7o = 138.16 log,, (D +d} ()
diameter by setting this value equal  frequency for most supporting For a uniform air line as a func-
Symbols Used in Mathematical Formulae

f Cperating frequengy, me s Distance along transmission fine

i Cutoff frequency for TE)) mode, mc Z Series impedance per unit lengh

€ Velocity of light in vacuum {2.99796/2.54} x 10% in./|izec. Y Shunt admittence per unit length

£ Dielectric constant relative to vacuum Y Propagation constant

Lio Permeahility of free space 4 x 10-7 h/m Z Characteristic or iterative impedence

(o] inside diameter of outer conductor of air {vacuum] line, in. zZ)’ Low frequency modified characteristic impedance

o Qutside diameter of inner conductor of air lvacuum) line, in. Lo inductance per unit length, h/cm

K Cerrection factar accounting for cyfindrical wave boundary HEO Angularly directed component of magnetic field in the metal
candition (based en Schelkunoff *Electromagnetic Waves,” Ho Angularly directed component of magnetic field at the
D. Van Nestrand Co., Inc. 1943, Fig. 8.5%1, P. 327 and surface of the metal
Text, page 391} Vo Radivs to an internal surface of the transmission line

D’ Inside dicimeter of overcut puter cenductor, in. Rs Skin effect resistunce in ohms {the d.c. resistance between

& Quiside diameier of undercut inner conductor, in. the edges of a square plaie of thickness equal to the depth

B Depth of penefration, tm of penetratfion)

[ Resistivity, ohm-cm r A radius inside the metal having a value close to 1o

¥ Voltage on tfronsmission line Nm Intrinsic impedance of metal

i Current in transmission line v Velocity of propagation at very low radic frequencies
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COAXIAL TRANSMISSION LINES (Continued)

FREQUENCY, CYCLES PER SECOND

FREQUENCY, CYGLES PER SEGOND
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FREQUENCY, MEGACYCLES PER SECOND

Fig. 3: Skin effect resistance-frequency characteristic

tion of the outer conductor diameter

For a constant impedance trans-

FREQUENCY, MEGACYCLES PER SECOND

Fig. 4: Depth of penetration-frequency charatier:stic

can be obtained by proper manipu-

and the impedance, Eq. (1) be- mission line where the supporting lation of Eq. (1) and (2).
comes: structure is to be electrically trans- For the overcut transmission line
N parent, it becomes necessary to the inner conductor remains fixed
f, = ? modify the inner or outer conductor and the resultant inner diameter of

D [1 +log;; (=2,/138)] (3)
7514 K,

D (1 + logy, (—Zo/138)]

For a uniform air line as a func-
tion of the inner conductor and the
impedance Eq. (1) becomes:

2¢cK.
fo =

wd (1 +logy (Zo/138)] ()
7514 K,

d [1 + log;y (Z,/138)]

diameter to retain the nominal
iterative impedance in the solid di-
electric portion, The 1two most
prevalent practices are either to
enlarge the inner diameter of the
outer conductor or to decrease the
outer diameter of the inner conduc-
tor so that the impedance computed
by the relationship given in Eq. (2)
will remain constant. The first type
is designated overcul transmission
line and the latter is known as un-
dercut transmission line. For these
two specific cases the general rela-
tionships for the cutoff frequency

the outer conductor, D', is obtained
from the relationship:

D’ = [log,,;(Z/€/138)1d ()
which gives the general equation for
determining the cutoff frequency in
terms of the inside diameter of the

outer conductor of the air line:
7314 K,

=\/?1) [!ng,f.g_‘;u/?— 1+ loga (—_%)J

(6)

o
In terms of the outside diameter
of the inner conductor of the air
line, the cutofl frequency is given
by:
(Continued on page 162)

TABLE Il—Low Frequency Impedances and Cutoff Frequencies for TE,;, Mode in Various Size Coaxial
Lines and Insulator Supports; for Copper Conductors; Z, 50 ochms

TE “TE TE et

TE 11 11 MC MC

11 MC MC Cutoff Cutolf

Inner | Outer MC Cutoff Cutoff Undercut | Overcut Z' v'/C

: d D Cutolf Undercut | Overcut Poly- Poly-
| Line Size | OD" ID" D/d (Air Line) Teflon Teflon styrene styrene 0.1mc | 1.0mec | 0.1 mec | 1.0 mc
3/8 .125 .285 | 2.28 18,800 14,387 9,895 13,422 8,175 52.80 50.90 0.9470 | 0.9827
/8 .341 L7185 | 2.302 6,818 5,223 3,593 4,873 2,968 51.05 50.33 0.9798 | 0.9935
1-5/8 664 | 1.527 | 2.300 3,505 2,686 1,847 2,506 1,526 50.53 50.17 0.9895 | 0.9936
3-1/8 1.315 | 3.027 | 2.302 1,768 1,355 932 1,264 70 50.27 50.09 0.9947 | 0.9983
1. 6-1/8 2,600 | 5.981 | 2.300 895 686 472 640 390 50.14 50.05 | 0.9973 | 0.9991

*

TABLE IlA—Low Frequency Impedances and Cutoff Frequencies for TE,, Mode in Various Size Coaxial
Lines and Insulator Supports; for Copper Conductors; Z, 75 ohms

- - TE TE,
TE 11 11 MC MC
11 MC MC Cutoff Cutoif
Inner | Quter MC Cutoff Cutoff | Undercut | Overcut AN v'/C
d D Cutoff Undercut | Overcut Poly- Poly-

Line Size | OD"” ID" D/d (Air Line) Teflon Teflon styrene styrene 0.1 mc| 1.0mc | 0.1 mec | 1.0 me
3/8 .032 .285 | 3.485 | 21,051 15,881 9,048 | 14,655 6,970 78.81 | 76.20 L9517 | .9842
7/8 .226 .785 3.483 7,643 5,766 3,285 5,324 2,531 76.41 75.45 L9815 .9940

1-5/8 L4358 1.527 3.486 3,929 2,964 1,689 2,137 1,301 75.72 75.225 .9904 .8970

3-1/8 .869 3.027 3.473 1,982 1,485 852 1,381 656 75.37 75.15 .9950 .9880

6-1/8 1.716 5.981 3.476 1,003 757 431 699 332 75.187| 75.08 L8975 .9992
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CONELRAD

FCC and Air Force plan controls station operation to prevenf

use of signals as navigational aid fo enemy aircraff

HE FCC has formulated plans

for the Control of Electromag-
netic Radiation (CONELRAD} in
the event of attack by enemy forces.
Primary object of the plans, which
have been approved by the Chair-
man of the National Security Re-
sources Board and the Secretary of
Defense, is to prevent the utilization
of signals from broadcast stations in
the 1.5, as a navigational aid to
enemy aircraft. Plan No. 1 covers
the alerting of broadcast stations,
and Plan No. 2 encompasses the con-
trolled operation of these stations.

Under Plan No. 1, the U.S. is di-
vided by the Air Defense Command
(ADC) into three large areas known
as Eastern, Central and Western Air
Defense Forces. Each of these is
broken down into smaller areas
called Air Divisions, each Division,
having an Air Defense Control Cen-
ter (ADCC). See Fig. 1. Operation-
ally, the plan is built around the
various ADCC’s.

Certain broadcast stations are
designated as Basic Key Stations
and Key Relay Stations. When con-
ditions exist which justify the an-
nouncement of warning YELLOW
or RED, at the discretion of the
ADC, alerts will be issued by the
ADCC’s to all Basic Key Stations.
The notifications will be passed on
to the transmitter locations of Relay
and other stations by telephone or,
in certain instances, by radio broad-
cast, and will normally consist of
prepared recordings. All stations
subject to this plan must install and
keep in readiness the equipment
necessary to receive alerts and all
clears.

Minimize Signals
The object of Plan No. 2 is to min-
imize the use of broadcast signals
as navigational aids, and at the same
time permit stations to be operated.
Broadcast stations notified of an
alert will be required, during the
alert period, either to observe radio
silence or follow operational proce-
dures prescribed in Plan No. 2.
Under this plan, all FM and TV
stations notified will be required to
observe radio silence. Whether
standard AM broadcast stations will
be required to observe radio silence

or will be permitted to operate in
accordance with the prescribed pro-
cedures, will initially depend on the
wishes of the station licensees. So
far as practicable, the FCC will agree
to these decisions. However, once
these decisions are made, they are
binding upon the stations, and sta-
tions participating in the CONEL-
RAD operation may withdraw only
upon 30 days' advance notice to the
FCC.

Procedare During Aleri

From the time of alert notifica-
tion until the alert is ended, no
broadcast station of any type will
be permitted to make an on-air
identification, unless specially au-
thorized by the FCC. Those re-
quired to observe radio silence must
leave the air immediately, except
that before leaving the air they may
broadcast an approved sign-off or
civil defense message.

All stations permitted operation
under Plan No. 2 will be on one or
both of two frequencies, 640 xc and
1240 xc, during the alert period. The
power ERP) allowed will not in
any case exceed 10 kw, and usually
will not be over 5 kw. Four differ-
ent modes of operation are pre-
scribed in the plan, one of which will
be assigned by the FCC to each op-
erating station. These are: sequen-

T=_oN-AIR _—7
CONTROL fON'OFF
CONTROL
SEQUENTIAL ON=OFF

1

]
SYNCHRONOUS

; ON-AR

LY ‘0 CONTROL

POWER CONTROL

PULSATING

Fig. 2: Four modes of operating broadeast
stations prevent guidance to enemy aircroff

tial, on-off, pulsating and synchro-
nous operation. See Fig. 2.
Sequential Mode: In the sequen-
tial mode of operation, the FCC ar-
ranges two or more stations into a
group, all using the same frequency,
640 xc or 1240 xc, or hoth. Power is
(Continued on page 160)

Fig. 1: Organizational structure of COMELRAD command plan from national to regional areas
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ES for BROADCASTERS

Practical ways of improving stafion operation and efficlency

Making Electrical Conductors
in the Field

G. W. LEE, Consulting Engineer,
46 Roxborough St., Toronto, Canada

ROADCAST, television and
communications equipment util-
ize soft-drawn copper tubing for
electrical conductor paths whenever
an appreciable amount of high fre-
guency energy is transferred. Dur-
ing installation of such equipment
the engineer must bend and shape
conductors of various length and di-
ameter. As new installation ideas
evolve, the building housing the
equipment is changed and unit mod-
ifications are undertaken in the field.
However, properly bending tubing
which is larger than % in. in diam-
eter is impossible unless special
methods are employed to avoid
buckling and cracking. Applying heat
is not the answer. Smooth bends
require the tubing to be kept at such
high temperature that handling be-
comes impractical. On a job requir-
ing a large number of conductors
different ways of tube shaping were
tried until a successful one devel-
oped. This method consists of filling
the tubing with fine, dry sand, cap-
ping it then bending same to require-
ments.

1) Take measurements between
the terminals that the still-to-be
made conductor will connect. Cut
from a roll of tubing, a piece slightly
ionger than measurements to make
sure of adequate length.

2) Fill the tubing with fine, dry

sand. The sand must be quite dry

and fine textured (screened) so that
it will flow easily and also pack well.

3} Cap the ends of the tubing with
wooden plugs, (terminal lugs will
do if crimped on tightly.)

4) Bend the tubing to the re-
guired shape.

3) Empty out the sand which may
be used again. Fit the conductor into
place—trimming off the ends with a
pipe cutter. Terminal Iugs may be
soldered on the ends if desired.

6) Polish and install the condue-
tor in its proper place.

This method can be applied to Y
in. to 34 in. tubing: above 34 in. di-
ameter buckling is liable to occur.
As most high frequency conductors
fall within these limits, the method
is generally applicable to all elec-
tronic equipment installations.
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$3% FOR YOUR IDEAS

Readers are invited to contribute their
own suggestions which should be shost
and include photographs or rough
sketches. Typewritien, double-epaced
text is requested. Our usugl rates will
be paid for material used.

Under-Modulation Indicator

RONALD T. MIYAHIRA, Chief
Engineer, KULA, Honolulu, T.H.

E have a device that may help

others faced with a problem
similar to ours—that of maintaining
a high percentage of modulation at
all times.

We operate the highest powered
station in Hawaii, and everyone ex-
pects us to be pounding into their
receivers, although we are only a
few db’s above our competitors in
actual power. Therefore our problem
was to maintain the highest percent-
age of modulation possible at all
times so that we actually sounded
much louder than our competitors.

The easiest and best solution
would he to have the operator keep
a constant vigil on the modulation
meter and ride gain on the program
from the studios and tape machines,
but this was impractical as the oper-
ator is constantly occupied with tape
and disc recording jobs.

Furthermore even if the studio did
send us a constant level, we would
occasionally have a speaker with a
stronger negative peak, and although
the compressor would be compress-
ing very hard due to the negative
peaks, the actual output of the lim-

iter would have a weak positive peak
and our modulation meter would
register about 509 when it should
have been hitting 95 to 100%.

Qur problem was to have an un-
der-modulation indicator that would
warn the operator when modulation
peaks drop below 859 for more than
ien seconds. {ten seconds is the in-
terval between two successive
peaks). Also, the system must be
quiet and be able to warn the oper-
ator no matter where he was in the
control room or how busy he was.

The first problem was solved by
using a time delay relay in the
warning circuit and the second by
employing a 60-watt bulb. The bulb
would light up the whole room, and
the operator could not fail to miss
the warning. To detect the under-
modulation condition we employed
the overmodulation alarm relay in
our RCA modulation meter. We set
the peak indicater on the front panel
of the modulation meter to 85% so
that it would indicate all peaks over
85%. By setting a high compression
level in our limiting amplifier we
had no difficulty with over-modu-
lation.

When the modulation is below
859%, the alarm relay will not oper-
ate and relay 1 will be in a closed
state, The bulb lights up and indi-
cates an undermodulation condition.
When a peak of 859 or higher is
reached, the alarm relay closes and
charges up the condensor. As the
condensor charges almost instantly,
relay 1 will be actuated and the bulb
extinguished to indicate high per-
centage of modulation. The next
peak may not reach 859 but the re-
lay will remain in the energized con-

Under modufation meter utilizes peoak Indicating cireuit of RCA modulation monitor

——————————— T SELENIUM
PEAK INDICATING ! 50 RECT.
NEON .
1! oV A
‘ * 7
2 i
1
! R
|
ALARM |
RELAY | et
__________ 4 RELAY -
RCA MODULATION £ 1 )
MONITOR —
60 WATT WARNING BULB.
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dition for 10 seconds during which
time another peak will come by to
recharge the condensor. The con-
densor will discharge slowly through
resistor R and the relay to maintain
the 10 seconds delay.

Under normal conditions the lamp
will always be out except in certain
types of music where the low pas-
sages are longer than the 10 seconds
delay. Normal pauses in speech do
not affect the relay. We found that
too large a condensor was imprac-
tical as it took several consecutive
peaks to charge it up to a point
where it could actuate the relay and
maintain the necessary delay.

A small capacitor with a large re-
sistor works best but this in tum
means that a very sensitive relay
must be used. We wused a 90 pf
condensor and found that triggering
was almost Instantaneous. Since the
installation of this device, we have
found that our program level has
been at a consistently high level of
modulation,

Static Are Discharges

ROBERT R. BREEDING, Chief
Engineer, KGAR, Garden City, Kan.

ROADCASTERS in dry, dusty,

and windy climates often have
trouble with arcing in the final and
antenna tuning units. This is caused
by static charges that gather on the
antenna, and are not properly dis-
charged due to the dry conditions
of the ground. The accompanying
diagram shows a unit that will kill
these r-f arcs without interrupting
the normal broadeast.

The velay is a 6v. dc relay,
shunted so that it operates at twice
the normal plate current. The grid
resistance is 200 times the grid leak
resistance of the final amplifier of
the transmitter.

This resistance need not be of
high wattage since it is in the circuit
less than a second. This unit does
not affect the normal operation of
the overload relay when it is
needed. I have watched this unit in

Meon relaxation oscillofor for testing broadeast loops, or aay ether clrevid

TO FINAL
CATHODE RETURN

GRID
RESISTANCE

RESISTANGCE

SHUNT
(IF NEEDED)

TO GROUND TO GROUND

Static arcs controlied by plate damper

operation over a period of 3 months,
and it has proved satisfactory. The
only effect on broadcast quality is
a slisht bloop when the relay
operates.

Battery-Operated
Broadcast Loop Tester

LLEWELLYN JONES, Chief
Engineer, WSBA, York, Pa.

N an earlier issue (TELE-TECH, Jan.

’51, page 38) I described an ac
powered tone oscillator WSBA used
for continuous monitoring of remote
broadecast loops throughout the city.
Since the ac units have been in op-
eration, I have constructed simple,
battery operated rvelaxation oscil-
lators using NE-2 Neons and two
Eveready, No. 467 67%-vs. radio
batteries. The complete unit can be
mounted in a small box, 5 x 4 x 4,
with only the terminals and switch
(optional) externally mounted. Us-
ing the values listed, the units have
been operating for 8 months, 24
hours a day and still going strong.
The circuit drain is about 50 uamps
from the batteries.

The battery operated oscillator is
ideal because it can be mounted
close to the loop—no need to worry
that ac power will be turned off or
interrupted at any time. The engi-
neer at WSBA studios can dial any
remote line and, in a moment, know
the condition of the loop. If tone
isn't heard he calls the phone com-
pany for a loop check,

I have also used this generator
for tracing audio lines on new patch
board installations with great suc-
cess. No external power is required.

requiring simple audio source

Remoie Mike Swiich
for Consoles

R. S. HOUSTON, 2821 North
Woodstock, Philadelphia 32, Pa.

ESPITE the many advantages

of having the announcer conirol
his own mike, there are no consoles
commercially built today that have
the feature of a remote mike switch
that may be extended inte the stu-
dio where the announcer does not
operate his own board. Such a
switch was installed in one station
without mutilating the internal wir-
ing of the console, and gave, in ad-
dition to the mike control a talk-
back facility, The talk back was in-
dependent of any console control, so
it permitted the announcer to talk
to the operator at any time for emer-
gency instructions without first hav-
ing to signal the operator to put his
mike on audition.

The air muting circuit consisted
simply of a shorting arrangement
connected across the mike socket, or
the console input. Operation of the
switch took the short off the mike to
make it “live.” There was an addi-
tional contact on the control switch
connected in the speaker muting re-
lay and cue light circuit to control
these functions. For talk back, the
mike input was connected to a high
gain amplifier, which could be the
audition amplifier. Any other talk-
backs from other studios can be con-
nected in parallel with this input. It
is necessary only to insert a small
resistance in series with the mike in-
put to the console. This will upset
the impedance match slightly, and if
desired, the input impedance of the
transformer in the console may be
changed to accomodate this. The re-
sistance recommended for the input
circuit should be equal to the mike
impedance. This will drop the level
about three db, which is easily
compensated.

In some stations where an audi-
tion amplifier is used in connection
with the audition mixer on a console,

(Continued on page 110)

Simple remote microphone control switch for announcer alse handles
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Quality Factor for hadar

Universally applicable criterion evaiuates effectiveness of radar display systems.
cepfion time now possible with proper consideration of functions of contrast ratio
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Fig. 1: Intensity buildup for successive pulses
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Fig. 2: Long time average brighiness buildup

By A. F. BISCHOFF, Central Engineering Laboratory
General Electric Co., Schenectady, N. Y.

HE radar operator or pilot of an
aircraft is generally interested in
obtaining three-dimensional intelli-
gence from the radar cathode-ray
display; namely, target range, eleva-
tion and azimuth. In addition he may
be interested in obtaining other spe-
cialized information such as range
rate and closure time. The impor-
tance of presenting this information
in an optical form which can be
readily interpreted into desired ac-
tion, cannot be over emphasized.
The ultimate value of any radar
system is determined by its ability to
furnish accurate information in a
readily usable form. At the present
state of the art, this information
is presented to the pilot or radar
operator on a CRT. The information
presented may be used either for
operational or supervisory purposes,
but in either case the CRT forms
a vital link, What can be seen on the
tube, the length of time required to
see, and the precision of the data
derived from the observation, is to
a large part determined by the parti-
cular radar system and the method
of presentation. In designing new
radar systems it is therefore well to
consider the relative effectiveness of
the CRT display as a function of the
proposed system.

Relative Fisplay Eifectivencss

Up to the present time there has
been no direct means for integrating
the major radar system parameters
into a quantitative expression of the
relative display effectiveness. It was
with the intent of establishing a
formula which would provide a
guality factor for radar CRT presen-
tations that this investigation was
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undertaken. To arrive at such an
expression it is necessary to consider
those factors which determine what
we see, and to derive corresponding
radar systems parameters which ex-
press those factors quantitatively.
Since the correlation between me-
chanical optical measurements and
measurements on cathode-ray tubes
has been well established by Wil-
liams, Bartlett, King!? and others,
much effort can be saved by taking
advantage of the many thousands of
measurements made in the mechani-
cal optical field.

Mechansical O@plics

In the field of mechanical optics
Luckiesh? pointed out the four fac-
tors which determine what we see:

1. Actual brightness level of the
object and its surroundings,
particularly the background.

2. Contrast in brightness be=
tween the objeet and its
background.

3. Size of object and distin-
guishing characteristics.

4. Time available for seeing.

In applying Luckiesh’s four factors
to radar CRT displays, it is necessary
to investigate the specific display
function which influences the param-
eters of the four factors. The fol-
lowing major display functions influ-
ence the ability to see and time re-
quired to obtain visual information
from the display:

1. Pip brightness.

2. Background brightness.

3. Size of presentation area and
size of pip.

Assigning values to the above
three factors will determine the
time required for perception and,

ultimately, whether or not the pip or
spot can be seen at all. Since in air-
borne radar, time is of the essence,
it is desirable to evaluate the rela-
tive effects of the three variables on
perception time so that time can be
reduced to a minimum by the most
advantageous design of radar indi-
cator displays. Each of the three time
determining factors will be treated
separately in an effort to consoli-
date the contributing parameters and
to derive an expression for the factor
which can be incorporated in an
equation expressing the display
quality factor of a radar system.

Excitation Duty Cycle

Since the CRT phosphor is only
energized when the antenna beam is
on the target, the excitation duty
cycle varies with the scan or frame
time of the radar. The average
brightness of the CRT or visual ef-
fect depends not only upon the num-
ber of hits per target but also upon
the length of time elapsing between
excitation periods and the decay
characteristic of the particular
phosphor used.

For an intermittent light source
the Bunson-Roscoe law of optics
states that if the product of light
intensity and duration is held con-
stant that the visual effect will be
constant. Blondel and Rey found that
this law held true over a range of
light durations of 0.001 to 3 seconds.
Baumgardt? showed that the rela-
tionship held for flash durations as
short as 4 usec. George E. Long*
investigated the effect of duration
time of onset and cessation of a light
flash as it effects the optical signal re-
ceived. He found that changes in the
waveform of a light flash, within
the limits of waveshape rectangular
to triangular, do not affect the total
amount of light energy required to
produce an optical impression. The
intensity variation of a CRT pip is
essentially triangular in intensity
waveform and pip repetition rate in
radar systems is generally included
in the range 4 usec to 3 seconds.
It can therefore be concluded that
the visual effect or optical signal to
the brain is proportional to the prod-
uct of the intensity of the ecathode-
ray tube pip multiplied by the
length of time it persists.
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Cathode-Ray Tube Presentations

Improvement in per-
and presentation size

Fig. 1 shows a typical intensity
buildup curve for successive pulses
on a P7 phosphor. Brightness was
measured just before each excitation
period. It will be noted that the
screen brightness reaches a constant
level after a finite number of exci-
tations and that integration of sub-
sequent pulses does not increase the
intensity. This maximum brightness
will be greater than that shown in
Fig. 1 if the pulse repetition rate is
increased or if the excitation is ap-
plied for a longer period of time,
until saturation value for the CRT
screen material is reached.

During the search period of a
radar, target pulses are received in
groups at pulse repetition rate, the
groups being spaced by a scan
period. Fig. 2 illustrates the increase
in CRT average brightness with
time, In the illustration four pulses
excite the CRT during the “target”
time, each increasing the brightness.
During the scan period, the bright-
ness decays until the next “target”
period and succession of four excit-
ing pulses which increases the aver-
age brightness to a new level. The
suceessive groups of exciting pulses
have a brightness buildup effect
which becomes asymptotic to a con-
stant wvalue, Long time average
brightness buildup is shown by the
dashed line in Fig. 2.

The brightness of the CRT at any

fig. 3: Decay characteristic for P7 phosphor

]

102 ’

T

DECAY P7 PHOSPHOR

ACCELERATING POTENTIAL 4KV,
CURRENT DENSITY 3 ua/cm?

RN}

|

BRIGHTNESS - fOOT LAMBERTS.

AN
ey
v 95 ~—

20 30 40 50 €0 70 80 90
TIME - SECONDS.

2or ~ 1 1
/A \ | S
ﬂ \%\,_.5 NO. OF EXCITATIONS
Fig. 6: Buildup 16 | |
gain as function /// \\Si
of phosphor ex- 14
titation per pulse o ////N \m
{miili-micro-coul- - e \ —J
ombs) for groups < 7[// \\\\\\
of pulses from 2 = 10401 /\ e
jo 40, derived o [//7 \\\
from empirical 2 BI(sJa/'776 \ “L-_‘—
data. Note that d 8
tittle gain  in 2 6
buildup ratio is 4 NN
obhtained  be- / e N
tween 20 and b > // S ———
40 pulses. N ——— —
N o R TI E 1T) O A
1 10 100 103 104 103, 108
Q, EXCITATION PER PULSE muc /cm?

instant is equal to the summation of
the exponentially changing bright-
nesses of all preceding excitation
periods. The area under the bright-
ness cuive, Fig. 2, is the average
light energy emitted by the phos-
phor.

Decay Characteristic

Fig. 3 shows a typical decay
characteristic for a PT7 phosphor
screen, This is the decay character-
istic from screen saturation at 4000
volts accelerating potential and 3.0
na of screen current per sq. cm. This
curve has been approximated by
four exponentials having the slopes
of a;, «4, o, and o, The x's indicate
the summation of these exponential
curves at various points. The sum-
mation points closely approximate
the decay curve,

Fig., 4: Current density relotive fo hrighiness
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The equations of the exponential

curves have the form

Ae - b
where A is the “Y” axis intercept or
peak brightness and t is time after
peak brightness.

Summing up the light contained
under the fotir exponential curves of
Fig. 3 shows that 66 foot-lambert-
seconds of light is emitted during
the first 120 secconds of phosphor
decay and that, of this 58 F.L..S., or
889, is emitted during the first three
seconds, Of the total three second
energy, 989, is contained under the
the single exponential curve, o, of
Fig. 3.

For slow pulse repetition rates, of
the order of two minutes, the maxi-
mum error involved when a single
exponential approximation is used,
is about 10%. For normal repetition

Fig, 5: (RT saturation brightness with time
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RADAR CR TUBE (Continued)
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Fig. 7: Scan-light output characteristic

rates, greater than one pulse every
three seconds, the approximation
introduces an error of only about

29, It seems reasonable, therefore,
to use the single exponential
approximation.

Using this approximation and as-~
suming a CRT anode potential of
4 kv and a screen current density
of 3 ma/sq.cm.,, an equation for CRT
brightness as a function of time, can
be written.

Brightness = 60 e -*-°! foot
lamberts (approx.)
where t is the time after excitation
was removed.

The integral of this equation be-
tween t = 0 and t = <« is 60 foot-
lambert-seconds. This total light is
for decay from CRT screen satura-
tion value. Actually the screen will
reach saturation wvalue only under
certain conditions and hence the
maximum brightness will depend
upon these conditions, The peak
value of light output is determined
by the CRT screen current density
and the length of the excitation
time. However the relationship be-
tween screen current density and
brightness is far from linear and it
is necessary to study this relation-
ship in detail.

To obtain good target resolution
most radar displays utilize the
unmodified receiver signal for CRT
intensification. Because of the re-
sulting smaller pip size, short pulse
lengths provide superior target reso-
lution. Commonly used pulse lengths
of the order of 0.5 usec do not pro-
vide sufficient time for the delivery
of enough energy to the CRT phos-
phor to obtain good phosphor exci-

@0

CONTRAST RATIO
Fig. 8: Contrast-perception characteristic

tation even at the high CRT screen
current densities that can he ob-
tained.

Increasing the CRT screen cur-
rent density to compensate for ex-
tremely short excitation periods will
not produce a linear increase in
brightness. The linear relationship
between CRT screen current density
and brightness does not continue as
the screen current becomes very
large. Fig. 4 shows the actual CRT
current density in pa/sq.cm. plotted
against the effectiveness of this
screen current density in producing
CRT brightness. The curve is fairly
linear between the limits of 1 and 10
ua/sq.cm., but above 10 pa it requires
a thousand fold increase in screen
current density to obtain an eight
fold increase in brightness.

Sainraiion Brighiness

Fig. 5 shows the relationship be-
tween excitation time in micro-
seconds and the degree of CRT satu-
ration brightness that is obtained.
The curve showing this relationship
has been broken up into three parts
with different abscissa scales to
allow for accurate readings at short
excitation times. From Curve C it
can be seen that the brightness fac-
tor for long excitation periods ap-
proaches unity. Unity Corresponds
to saturation brightness. The bright-
ness obtained from excitation periods
less than that required for saturation
can be obtained by multiplying the
saturation brightness by the bright-
ness factor, F, derived from the
curves. It will be noted that for
pulse lengths of iess than 2 usec that
the decrease in brightness factor is

more rapid than the decrease in
excitation time., This lack of linear-
ity is due to the fact that the CRT
phosphor has a threshold value of
energy needed for excitation, bright-
ness is meager until this threshold is
exceeded and then brightness in-
creases superproportionally.

Soller, Starr, and Valley® work-
ing at MIT were the first to publish
data indicating that the energy of
successive excitations had a cumu-
lative effect on brightness. They
termed the brightness increase due
to a succession of excitations over
that for a single excitation, “buildup
ratio.,” Because of the threshold
characteristics of the phosphor, it
becomes obvious that the buildup
ratio is a function of the amount of
energy per excitation. The amount
of energy per excitation, or charge,
Q, placed upon the phosphor can be
expressed guantitatively in units of
milli-micro-coulombs per sq. em.
The amount of energy per excita-
tion, expressed in these units, can be
found by rmultiplying the CRT
screen current density expressed in
ma/sq. cm,, I, by the duration of the
exciting pulse in microsecond t.,

Foemily of Curves

To show the relationship that ex-
ists between charge per excitation
and buildup ratio the curves in Fig.
6 were drawn from empirical data.
This family of curves shows the
buildup gain obtained as a function
of the phosphor excitation per pulse,
expressed in milli-micro-coulombs
per sq. ¢m., for groups of pulses
from 2 to 40. Tt will be noted that
little gain in buildup ratio is ob-
tained between 20 and 40 pulses, and
that 40 pulses represents the satu-
ration level for pulse buildup for
pulses occurring at normal radar
rates. Actually the crests of the
curves will occur at slightly differ-
ent values of Q as the pulse repeti-
tion rate is varied. The curves do,
however, give good results in the
range of repetition rates that are
commonly encountered in radar
equipments. Using this family of
curves it is possible to derive a
brightness buildup factor, B, by
which the single pip intensity can
be multiplied to give the cumulative
brightness of the pip as the result
of a pulse group occurring at radar
pulse repetition rate. Normally this
pulse group would correspond to a
single scan of the target.

CRT peak brightness, exclusive
of phosphor buildup and excitation
time, is also proportional to an ex-
ponential power of the effective final
anode voltage. This exponent varies

(Continued on page 142)
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requency Feedback

A dynamic concepf applied to ac cireviiry. How io use saturable r-f reactors and ferro-

eleciric capacitors in resonance systems having oamplitude-frequency relationships

By HANS E, HOLLMANN
U.8.N. dir Missile Test Center
Point Mugu, Calif.

S a rule, feedback is applied to
currents or voltages in order to
make an electric network unstable
or to render it more stable and more
linear by means of positive or nega-
tive feedback, respectively. The con-
cept of feedback, however, may be
extended tc other electrical para-
meters, the most immediate being
frequency, to produce a positive or
negative frequency feedback.
Frequency feedback may be
achieved either by means of an ex-
ternal feedback channel or by in-
ternal feedback in a nonharmonic
resonant system, that is a system
wherein the energy reservoirs are
not constant but vary in time. Con-
sequently, frequency feedback mani-
fests itself in the form of nonhar-
mohic resonance curves,

Exfernal Feedback Channel

As an introduction, the principle of
frequency feedback may be illus-
trated by an external feedback chan-
nel as shown in Fig. 1. A parallel
resonant circuit consisting of the in-
ductance L, and the capacitance C,
is excited by a signal generator with
constant current and variable fre-
guency. In addition, the tank circuit is
paralleled by the frequency modula-
tor M, e.g., a reactance tube., More-
over, an envelope detector D rectifies

the induced r-f voltage V~ and thus
produces the control voltage V.. The
feedback loop is closed in that V, is
impressed upon the input terminals
of M.

For simplicity, let us assume that
the modulator capacity C,, increases
proportionally to V., and that the
diode may have 1009, efficienicy, i.e.,
V., may be egual io the peak values

V~. We therefore write C, = KV,

= 1KV~ where K denotes the sensi-
tivity of the modulator, The angular
frequency of the tank circuit is w =
wo/ VI4+C,/C, where , is the
resonant frequency of the original
tank circuit without the modulator,

or at V, = V~ —0. The combined
equations then give

Wa
w = (1)
V1 + (KV~/C)
go that the frequency deviation from

w,, the detuning owing to the feed-
back becomes

%t = (w/w)?—1=~KV~/C, (2a)
or multiplied with the quality fac-
tor Q

Qx; = —A€7~ (2b)
where A stands for QK/C,. Even
though Q depends on the frequency
and therefore on the detuning, no
great error occurs if the quality fac-
tor is considered to be constant, par-
ticularly when we confine ourselves
to x; >> 1.

Under the influence of an increas-
ing feedback voltage V,, the modu-
lator capacity increases and the
entire resonant curve shifts toward
lower frequencies. Consequently, if
the oscillator frequency f,., is in-
creased so that it approaches reso-
nance, the resonant curve shifts to-
ward f,., that means, the resonance
of the tank circuit automatically ap-
proaches the generator frequency
and a positive frequency feedback
may be recognized. Inversely, if the
genierator frequency approaches the
tank resonarice in the direction from
higher to lower values, the resonant

Fig. 1: External frequency feedback channal
curve runs away and the frequency
feedback is negative.

The feedback action is explained
in detail by means of Fig. 2. The dot-
ted lines are the feedback lines
originating at various independent
variahles @x and having the slope
—1/A. The resonant curve of a hay-
monic resonant circuit is expressed
in terms of

VN = Vi-esp/\/l + (Q,Xn)z (3)

yielding, for three values of the r-f
excitation characterized by three
resonance voltages V.., the three
dashed curves. The feedback lines
intersect these resonance curves at
the values Qx,—Qx —AQx, where
AQx denotes the shifting of the new
curves. Because the explicit evalua-
tion of these new resonance curves
in terms of V~ = {(Qx) results .n an
equation of higher order, it is simpler
to evaluate Qx = {(V~)} so that we
obtain

Qx = AV 4/ (Vo /VI =1 (4)
There are three important phe-

Fig. 2: Transformotion of vesonance [dashed) fo nonharmonic (sofid) curves by feedback (dotied)

RESONANGE LINE
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FREQUENCY FEEDBACK

nomena that can be seen at a glance.

First, the resonance maximum,
under the influence of frequency
feedback, shifts from the original
value zero to Qx,... = AV, and
therefore follows the resonant line.
Because of V— —0, the lower por-
tions of the new resonance curves
coincide with the harmonic curves,
consequently the “nonharmonic” res-
onance curves are unsymmetrically
deformed. The “higher” branches,
more accurately the branches over
Qx > QX.., become increasingly
steep at the expense of the opposite
branches over Qx < Qx,,. In terms of
feedback terminology, we may say
that the frequency feedback is posi-
tive above resonance and negative
below.

Crifical Case

Second, Fig. 2 reveals a critical
case at which a small section of the
higher branch becomes vertical. This
critical case is characterized by the
fact that the slope of the feedback
line equals the maximum slope of a
resonant curve at its point of inflec-
tion, in the present example of the
dashed curve at V,,, — 3 volts. Be-
cause the maximum slope of
the standardized resonance curves
amounts to 0.385 V.., the critical
case occurs at the resonant voltage
V,es == 2.6/A.

Third, at higher resonance volt-
ages the higher branch assumes a
negative slope (curve 3). The system
becomes unstable in that the r-f
voltage describes a tuning loop.

Without any further explanation,
it can easily be seen that the picture
reverses when the slope of the feed-
back line reverses its sign which is,
when the modulator capacity de-

Fig. 3: Frequency feedback by ferroelectric
capacitor (a) and dc¢ voltage amplification {b)
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(Continued)

creases with increasing feedback
voltage, for example, if the polarity
of the diede D in Fig. 1 is reversed,
The frequency feedback then is posi-
tive at frequencies below and nega-
tive at frequencies above resonance.

The external modulator in Fig. 1
may be replaced with an internal
modulator in that the tank circuit
contains either a saturable r-f re-
actor or a ferroelectric capacitor. In
both cases, the dynamic reactance
and therefore the tank frequency de-
pends on the magnetization or polar-
ization, in other words, on a control
current or a control voltage, re-
spectively. The ferroelectric conden-
ser C; in Fig. 3(a) is charged di-
rectly by the diode D whereas the
voltage V acts as bias. The degree
of {requency feedback can be in-
creased by introducing a multistage
amplifier into the feedback loop.
Thus, the circuit diagrammed in
Fig. 3(b) exhibits a sensitive fre-
quency feedback because a vacuum
tube amplifies the detector voltage
while the plate battery, at the same
time, produces the necessary bias.

Fig. 4 illustrates examples of non-
harmonic resonance curves taken
with the aid of a sweep" generator
and a barium strontium titanate con-
denser. At low r-f excitation, reso-
nance occurs at w, (oscillogram a).
The following two oscillograms show
not only the shifting of the reso-
nance maximum toward higher fre-
quencies but also reveal (b) the
critical condition of operation and
(¢) the instability.

Internal Frequency Feedback

The external frequency-feedback
channel is to be taken primarily as
a means of explaining the principle.
A disadvantage of external feedback
is the time constant of the filtering
network in the detector circuit. In-
ternal frequency feedback avoids
such a limitation because it operates
solely under the influence of r-f.

Internal frequency feedback oc-
curs in any nonharmonic resonant
system at strong excitation, regard-
less whether the nonlinearity is
caused by a saturable reactor (Fig.
Sa), a ferroelectric capacitor (Fig.
5b), or both in proper combination,
and regardless of whether or not the
nonlinear elements are subjected to
a bias. In order to gain an insight
into the phenomenon of internal
frequency feedback, it will be helptul
to review some pecularities of ferro-
magnetics, and ferroelectrics under
various conditions of operation,

The philosophy of ferromagnetics

is very complex and that of ferro-
electrics is not even fully developed.
Therefore we can improve our
knowledge only through the analogy
between ferroelectricity and ferro-
magnetism. Nevertheless, the com-
plexities become evident if we re-
call the various types of permeability
such as the initial, the reversible, the
incremental, the apparent or effec-
tive, and even the complex perme-
ability which lead to similar types
of permitivity. The discussion, un-
der a common point of view, is
facilitated if we combine both terms

ras

5
- volts

L2,

Fig. 4: With
monic curve (a) assumes the critical form {b)
and then becomes unstable as is shown by (¢}

increasing r-f excitation, har-

in speaking of “‘permeativity” (u,e)
whereby we keep in mind that we
mean u — B/H or AB/AH as well as
D/E or AD/AE where B and D is the
magnetic or electric flux, respec-
tively, and H or E the magnetic or
electric polarization.

The philosophy of our permeativ-
ity, under the influence of biasing
and superimposed alternating fields,
may be derived from magnetic as
well as dielectric hysteretic loops.
Right from the start, we confine our-
selves to an average or dynamic
permeativity that means to a per-
meativity only for the fundamental
frequency but we neglect the hyster-
etic losses as well as the harmonic
distortions.

Polarization Characteristic

With these restrictions in mind,
let us consider Figs. 6(a) and (b).
Fig.(a) shows a polarization char-
acteristic with wvarious minor hys-
teretic loops resulting from an ac field
superimposed upon different biasing
polarizations. In other words, the
test specimen is driven at varlous
quiescent points of operation, The
slope of the major axis denotes the
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incremental permeativity {(u, c)A. It
can easily be seen that this value not
only decreases with increasing bias
but, at the same time, increases with
increasing ac amplitudes. As a re-
sult, the dynamic inductance of a
saturable reactor and the dynamic
capacitance of a ferroelectric capaci-
tor changes when the elements are
subjected to different biasing as
well as ac polarizations.

it-F Redwetfion Eifects

When the r-f excitation is re-
duced, the incremental permeativity
asymptotically approaches the re-
versible values (u,e),. Note that va-
riations of the bias and varying r-f
amplitudes produce opposite effects.

Numerous tests with nonlinear
specimens of both types confirmed
these results to a certain degree. At
large ac fields, the incremental per-
meativity decreases hecause it suf-
fers a peculiar rectification. An ex-
treme, namely a specimen excited by
increasing r-f flelds with no bias
present, is depicted in Fig. 6(b). Re-
calling the definition of the dynamic
permeativity, we see the slope of the
major axis of the different hysteresis
loops first increase a little but then
decrease as soon as the peaks run
into the regions of saturation. An
alternate explanation is that the
permeativity suffers saturation dur-
ing part of the cycle thus reducing
the effective value. Fig. 6(c¢) illus-
trates the case wherein the specimen

Fig. 5: Nonharmonic resonance circuits wsing
iron-tore inductance (a) and capaciter [b}
is subjected to a constant bias with
increasing r-f polarization super-
posed. Without going into details, the
small increase of the permeativity
and the subsequent decrease of the
dynamic value can easily be seen by
combining the Figs, 6 (a) and (b).
(Continued on page 126)

PRECISION TRANSISTOR OSCILLATOR

Peter G. Sulzer at the National Bu-
reau of Standards has recently devel-
oped a crystal oscillator that is small,
portable, dependable, and. accurate over
long periods of time. The new wunit,
utilizes a junction transistor as the
source of driving power for a high-sta-
bility quartz crystal unit. All compo-
nents of the circuit, including the power
supply, fit into a metal tube less than
2 in. in diameter and about 7 in. long.
At an operating frequency of 100 xc,
the long-period drift in the first model
was about 3 parts in 109 per day.

The major components of the transis-
tor oscillator are a type 2517 junction
transistor, a high-precision 100 xc GT-
cut quartz crystal unit' and a long-life
mercury cell. The dry cell supplies
power to the whole unit (1.35 volts at
100 microamperes), and has an active
life, under these conditions, of five or
more years.

Two of the requirements that must be

met in developing a high-stability crys-
tal oscillator are constancy of phase
shift in the feedback loop associated
with the crystal and constancy of the
amplitude of oscillation. A constant
phase shift is obtained by using large,
stable “swamping” capacitors at both
crystal connections and by using highly
stable components in the remainder of
the circuit. Excellent amplitude stability
is achieved by operating the transistor
in such a manner that collector-voltage
limiting is produced.

The transistor is used in the grounded-
emitter connection. It produces an out-
put of 0.8 volt across a tuned circuit
connected to the collector electrode.
The tank circuit, composed of a 350 puf
capacitor and a 6 mh coil, is designed
to oscillate at 100 xc; however, the
magnitude of the valtage is teo high to
be applied directly to the crystal unit.
Consequently, the voltage is reduced
by means of an attenuator, which con-

sists of a 40 puf and a 0.01 uf capacitor
in series from the collector electrode to
ground. The driving current (less than
100 microamperes) for the ecrystal is
taken from the juncticn between these
capacitors. The crystal wvoltage is
coupled to the output through a 100 ppf
capacitor.

Cryséal Mouniing

Over half of the space in the 134-in.
diameter by 7-in. metal tube is con-
sumed by the crystal, which is mounted
in an evacuated glass envelope. The
transistor, coil, capacitors, and resistors
are supported on a bakelite frame that
may be “potted” in casting resin to add
to the rigidity of the section. The mer-
cury cell, only about one-half inch
deep, is at the base of the assembly and
is insulated from the metal “can” by a
bakelite shield.

(Continued on page 145)

Fig. ¥: (below left} Exploded view and circuit diagram of the new transistor
oscillator developed by the National Bureau of Standards. This new oscillator
fits into a metal tube less thon 2 inches in diameter ond wbout 7 inches
jong. A Mercury cell lright), with o life of abowt 5 years, supplies all the
power to the unit—1.35 volis at 100 microamperes. The circuit components, in-
cluding the lansistor, ore lumped together in o bokelite form {center), which
may be ‘‘potted” in a casting resin for greater rigidity’. The GT-cut quariz
unit is placed in an evacpated envelope tleft). The new oscillator has a short-
time stability of about 3 parts in 1010 and o long-time accuracy (per 24 hour
day} of 3 parts in 109. The schematic diangram below the exploded view
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shows the various resistor, capacitor, and inductive components of the transe-
istor oscillator.

Fig. 2: (below right} Basi¢c components of the new trunsisior oscillater de-
veloped by the National Bureaw of Standards. The driving power for the
unit is obtained from a type 2517 junction transister {left). This power is
applied to o precise GT-cut quartz crystal wnit, which is enclesed in an
evacuated glass envelope (rightl. The new oscillator has a short-time stability
of about 3 parts in 1010. The complete unit is enclosed in a tube 1-3/ inches in
diameter and 7 inches long, which includes the power supply for all the
components.
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Positive and Negative

Dual r-f power supplies mounted on single chassis provide
20 to 30 kv and =4 to =10 kv for oscilloscope crt. Excellent
#=0.5% dc regulation as ac line varies from 90-130 volis
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Fig. 1: {photo above}
High veltage supplies
on one chassis

001

Fig. 2: Power supply
¢ireuit delivers 20 to
30 kv positive de
and 4 to 10 kv neg-
afive d¢. Reguiation
is +0.5% with %0
to 130 v. ac line
variations

HE chassis pictured in Fig. 1

contains both a positive and
negative regulated r-f power supply
using a common dc power source.
The dual unit was developed to pro-
vide accelerating and cathode poten-
tials for the cathode-ray tube of an
oscilloscope. Remote installation of
the oscilloscope required that it be
operated for days without mainten-
ance or attention. An installation of
this type demanded extreme relia-
bility of the oscilloscope and its asso-~
ciated components. The need for high
dependability suggests for first solu-
tion, that high voltage be obtained

924

directly from a 60-cycle voltage
source by a transformer-rectifier
circuit. However, the problem was
complicated further by the rigorous
requirements imposed on the high-
voltage supplies. The installation re-
quired that the de¢ voltage be regu-
lated to better than =0.59 and
ripple content be 0.59 or less. These
two factors alone rule out the feasi-
bility of 60-cycle supplies when
space and weight of the units are
limited. Another requirement that
both positive and negative de volt-
ages be independently variable over
wide ranges prohibited the use of a

single power supply. Considering the
requirements imposed, a r-f power
supply was selected as being most
practical for this application.

Circuit

Fig. 2 is a schematic diagram of
the complete power supply. Te aid
in maintaining good regulation with
varying input voltage, both the posi-
tive and negative radio-frequency
supplies were driven by a 500-volt
plate supply using a Sola Constant
Voltage transformer. Using a Sola
power transformer in conjunction
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with a voltage-regulating network
made it possible to maintain +0.5%
de voltage regulation with ac line
voltages from 90 to 130v. The positive
HYVY supply provides an output range
of 20 to 30 kv de. This supply con-
sists of a type 815 tube, both sections
operated in parallel as a reverse
feedback oscillator, and a r-f step-
up transformer with voltage-doubler
rectifiers. Oscillator plate voltage is
regulated by controlling a type 8AST
tube in series with the oscillator
power supply. A type 5651 volitage-
reference tube provides a fixed volt-
age reference to a type 63J7 control
amplifier tube. The 5651 is an
excellent voltage reference if its cur-
rent is maintained between rather
close limits. This tube exhibits much
less hysteresis than the conventional
voltage regulator, such as, the type
OC3/VR105. This means that the
actual voltage across the tube varies
a minimum between successive on
and off operations,

The negative power supply has an
oscillator and r-f transformer similar
to the positive supply except that
here a type BL& tube is used as the
oseillator and a half-wave rectifier
provides negative voltage from —4
to ~10 kv in two ranges. Connecting
the 6L6 a2s a pentode covers a range
of —5 to —10 kv and by connecting
the 6.6 as a triode, the regulation
range is shifted to —4 to —6& kv.
Plate wvoltage of the oscillator is
regulated with a type 6AS87 tube in
series with the plate-supply voltage.
Twao stages of amplification through
a type 65L7 fube provides the cor-
rect polarity for regulation of the
6AST with high sensitivity. A type
3651 voltage-reference tube serves
a dual purpose: to raise the gain
of the error voltage as well as to
provide a reference voltage, by con-
necting the ground end of the nega-
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tive supply to this tube. This connec=
tion permits sampling the error volt-
age at a higher potential above
ground and hence, samples a larger
percentage of the error wvoltage
which appears across the dc out-
put. The high gain resulting from
cascading the two halves of the 6817
requires that extra care be faken in
shielding and positioning of wiring
to prevent oscillation in the control
eircuit.

Parformance

Load regulation curves for the two
supplies are shown in Fig. 3. Regula-
tion of the negative supply was
made considerably better than that
of the positive supply, since the for-
mer provided the potentials for the
gun structure of the CRT, The ex-
tent of control om regulation is
shown by the “plateau” or flat por-
tion of the curves. The width of this
“plateats” is limited by the range
of plate voltage available to the
oscillator tubes. Increasing or de-
creasing the input ac voltage has the

Fig. 3: {1} load regulation of pos. & neg. supplies
Fig. 4: (¢} Qutput at Ly, =0.21 mh; Llzec—44.4 mh;
N=0.265; Eo5c==350 v; 125 meg load. Fig. 5: Ouiput
with r-f transformer, Liecc=31 mh; others same os 4
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effect of increasing or decreasing the
width of the “plateau.” Using a Sola
transformer in the oscillator plate
power supply minimized this effect.

A test of regulation under condi-
tions of 120°F and 909 relative
humidity showed that =059, regu~
lationn could be maintained under
constant conditions. However, the
positive voltage changed +1.3% and
the negative voltage changed +0.5%
in raising the ambient temperature
from 75°F to 120°F gince no at-
tempt was made o make the cir-
cuit femperature compensating.

Design

Mautner and Schade* have out-
lined the procedure for the design
of r-f transformers used in r-f power
supplies. This paper is very valuable
in view of the fact that most avail-
able literature on coupled-circuits
theory is not readily adaptable to
an application of this kind.

The secondary high-voltage coil
design for the positive power supply
was also used in the negative supply
with satisfactory results; the pro-
duction problem was simplified by
using a single type. Although the
same secondary coll was used in
both supplies, the resonant frequen-
cies of the two cscillators were not
the same since the capacitance pre-
sented by the rectifving circuit was
different in each case. The resonant
frequency of the negative-supply
oscillator was approximately 220 re¢
while that of the positive-supply
oscillator was approximately 190 kc.
The difference in the resonant fre-
quencies of the two oscillators, plus
the placement of a metal screen be-
tween the units, prevented any
interaction due to the proximity of
the two tank circuits on a single
chassis. In this particular design the
type 5825 rectifier tubes were used
to achieve good reliability. The 5825
has a peak inverse voltage rating
that is twice that of the type 1B3GT
so that rectifier tube failure was

FREQUENCY ( KILOCYCLES)

197 I8 155 194193 192 19 130 189
T T T 1T 11

— B C QUTPYTY
———PLATE CURRENT

8

KILOVOLTS (DC3

£
=

PLATE CURRENT (M

L

0 400 800 1260 1600 2000
PRIMARY CAFACITANCE [ upf)

95


www.americanradiohistory.com

HIGH VOLTAGE SUPPLY

(Continued)
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Fig. 6: Output characteristics using different coefficients of coupling, Lp.i=—0.13 mh,
Lsec=—=31.1 mh. Oscillator plate voltage is 350 volts, and the dc load is 125 megohms

reduced to a minimum. Experience
with the 1B3GT rectifiers showed
that they would frequently become
gaseous and unduly increase the r-f
transformer loading. There have
been no failures other than filament
breakage due to handling, when
using the 5825’s, even though 150
type 5825 tubes have been in service
for several hundred hours for each
tube.

Secondary Coil

The secondary coil of the r-f
transformer was designed to deliver
15,000 v. peak as a maximum with
the range of operation from 10,000 to
12,500 v. peak. Designing a second-
ary coil to withstand such high volt-
ages poses the problem of preven-
tion of corona and excessive heating.
Such problems are particularly dif-
ficult where the physical size of the
coil must be kept smalil. Factors in-
fluencing the design of the secondary
coil are listed in order of descending
importance:

1. Absence of corona at 15 kv peak.

2. Absence of breakdown from
heating.

. Small physical size.

. High unloaded Q.

High inductance,

. Low distributed capacitance.

. Low loaded Q.

Considering these design para-
meters, several factors are seen to
be incompatible so that it becomes
necessary to make compromises.
For example, to insure freedom from
corona, this wire size must be large;
but this precludes maximum induc-
tance for a given space. To reduce
coil heating, the winding must be
distributed to give adequate heat

26

dissipation and ventilation, whereas
the inductance would be higher for
a more compact coil, The result is
that anything done to reduce coil
heating, which at the same time, re-

duces the tuned impedance of the-

tank circuit, may result in a net in-
crease in coil loss and coil heating
instead. Therefore, increasing wire
size and turns distribution must be
done judiciously so that the tuned
impedance will be kept sufficiently
high to prevent excessive secondary
coil losses.

An attempt was made to use an
available commercial r-f trans-
former which has the following di-
mensions:

Secondary Primary
Number of Turns 1400 40
Farm of diameter 1.25 in, 3.25 in.
Number of pies 7 2
Wire Size 3/41 Litz 50/38 Litz
tnductance 44.4 mh 0.21 mh
Coil height 1.55 in, 0.55 in.
Q 250 330

This secondary coil was not practi-
cal for operating above 10 Kv peak;
arc-over and corona caused failures
at 12.5 kv under conditions of high
humidity and long continuous opera-
tion. The compact 7-pie construction
of this coil did not allow sufficient
radiation of heat and since the pri-
mary r-f coil was mounted coaxially
with the secondary r-f coil, the high
voltage end of the secondary was
close to the primary windings and
arc-over occurred. The small wire
size and configuration of this second-
ary r-f coil limited the maximum
operating voltage to 10 v peak. It
was found that the allowable maxi-
mum operating voltage could be
raised by addition of forced-draft
cooling; however, for this applica-
tion the addition of a blower unit
was not practical. Fig. 4 shows the

output characteristic of the voltage
doubler using this commercial coil.

Using the experimental data for
the performance of the commercial
coil in addition to design techniques
set forth by Mautner and Schade?,
a r-f transformer was designed hav-
ing the following dimensions:

Secondary Primary
Number of turns 1400 32
Form diameter 1.25 in. 3.25 in.
Number of pies 10 2
‘Wire size 7/41 Litz 50/38 Litz
Inductance 31.1 mh 0.13 mh
Coil height 2.35 in. 0.55 in.
Unloaded Q 260 3460

This secondary cecil proved quite
satisfactory operating at voltages as
high as 17.5 kv peak without evi-
dence of corona or excessive heating.
It is evident that reducing the in-
ductance of the secondary coil would
lower its impedance at resonance
which would in turn raise the coil
losses due to increased secondary
current. However, the additional
pies, increased wire size, and the
overall increase in radiating surface
tended to reduce the operating tem-
perature of the coil. The actual
measured temperature rise was
found to be slightly lower than that
of the commercial coil, even though
calculations indicated that coil losses
were increased akout 309%. Both
coils were wound on thin impreg-
nated forms that were slotted be-
tween each pie winding to give as
much ventilation as possible and still
provide adequate support for the
windings.,

Ouipni Characieristics

Output characteristics for the new
secondary coil, with two different
primary coils, are shown in Figs. 5
and 6. Plotting de voltage output
versus primary tank capacitance
gives a better representation of out-
put characteristics than the conven-
tional plot of voltage output versus
frequency. The change in frequency
that results from variations in pri-
mary capacitance is small, in the
order of 5 to 8 K¢, and is not as
convenient to obtain as values of
primary capacitance over the same
range. Another reason for plotting
the value of primary capacitance as
abscissa, is its importance as a
variable in determining the v-f
transformer output. In maximizing
the output of a r-f power supply,
the most important adjustments are
(1) degree of coupling in the r-f
transformer and (2) primary tuning
capacitance, each adjustment made
with a constant de oscillator plate
voltage and load. Since the second-
ary of the r-f transformer is tuned
by its distributed capacitance and
the paralle!l capacitance of the high-
voltage rectifying circuit, tuning ad-

(Continued on page 117)
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Transistor Characteristics
at Low and Medium Frequencies

How properties of junction fypes modify circuit performance. Use of vacuvum
tube analogy and admittance parameters lead to simplified design approach
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Fig. 1: N-P-N- truansistor and analogous fube
By L. J. GIACOLETTO
RCA Labs. Div.
Radie Corp. of America
Princeton, N. J.

he performance of a junction tran-

sistor changes rapidly when the
operating frequency is increased. To
obtain a better understanding of the
factors that determine the low and
medium frequency performance, the
transistor parameters that are of im-
portance must first be understood,

and next, suitable methods of para-
meter measurement must be devised.
This article will be concerned with
these two aspects.

In order that the terminology and
symbology to be employed in this
presentation are well understood, it
is necessary that a preliminary de-
velopment of the transistor subject
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Fig. 2: Base characieristics of p-n-p type

be undertaken. The starting point for
this development is a vacuum tube
analogy! as shown in Fig. 1. Here an
n-p-n junction transistor is com-
pared directly with a three-element

vacuum tube. The emitter corre~
sponds to the cathode and the collec-
tor to the anode. In the transistor, the
active region is the p-type germa-
nium base. The corresponding active
region in the vacuum tube is the
space included between the cathode
and anode. In order that the vacuum
tube active region be field-free, as is
approximately the case in the tran-
sistor, the vacuum tube active space
is enclosed between two grids con-
nected together to form a grid strue-
ture which is now comparable with
the transistor base element.

A direct comparison between the
two devices is particularly useful to
those who are making a transition
from vacuum tube art to transistor
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Fig. 3: Transfer characteristics of p-n-p wnit
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TRANSISTORS (Continued)
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art. Both transistor and vacuum tube
require a positive voltage on the base
and grid respectively in order to get
significant output current. For this
mode of biasing, both devices exhibit
“pentode” output characteristics with
the collector or anode current being
essentially independent of the collec-
tor or anode voltage except at low
voltages where the collection of elec-
trons is limited by space-charge con-
ditions. Thus, the base-to-emitter
voltage in the fransistor determines
the number of electrons entering the
base wafer. Most of these electrons
flow to the collector to produce a
saturated collector current. It is seen
then, that there is a close correspond-
ence between transistor collector
characteristics and vacuum tube
anode characteristics.

The preceding discussion has cen-
tered about an n-p-n junction tran-
sistor. The data to be presented here
are for a p-n-p junction transistor
which can be considered analogous
to a vacuum tube provided the cath-
ode emits positrons. The charge car-
rier for either device is now positive
so that all voltage polarities must be
reversed.

The de characteristics of a junction
transistor can be presented in several
different ways. A set of characteris-
tics that appears to be particularly
useful includes the base characteris-
tics, transfer characteristics, and col-
lector characteristics. This set of
characteristics {ollows closely the
data usually presented for a vacuum
tube. Following vacuum tube prac-
tice, the transistor voltages are meas-
ured with the emitter as the refer-
ence point. Thus, the base character-
istics for a p-n-p junction transistor
are depicted in Fig. 2. The following
comments are applicable io this as

D8

well as the following figures. The
axis directions have been chosen to
be algebraically consistent with the
quantities being measured. Upper-
case letter subscripts are used to de-
note de values and lower-~case letter
subscripts will be used to denote ac
values. Finally, all data to be pre-
sented are for the same transistor,
an experimental p-n-p junction tran-
sistor made by alloying indium into
opposite faces of an n-type germa-
nium wafer.? The transfer character-
istics of the transistor are shown in
Fig. 3, and the collector characteris-
ties in Fig. 4. Collector characteristics
have, in the past, been published with
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Fig. 4: P-N-P type collector characteristics

the emitter current as the running
parameter, but, in this case, a con-
siderable amount of redundant in-
formation is presented stating that
the emitter current is approximately
equal to the collector current. The
collector characteristics in the pres-
ent slide are more informative be-
cause the parameter is the base-to-
emitter voltage. Among other things,
it is apparent, as was also indicated
in the preceding transfer character-
istics, that the transistor exhibits
nonlinear control characteristics
similar to a vacuum tube. The prob-

lem of obtaining linear operation is
therefore very similar for both de-
vices.

Small-Signal Representalion

There are many amplifier applica-
tions for which the operation of the
transistor is accurately specified on
a small-signal basis. Accordingly, a
small-signal representation of the
transistor is very useful. Any four
independent parameters are suffi-
cient to specify the small-signal and
therefore the linear) operation of the
transistor: The parameters most often
employed are the four coeflicients
associated with the input and output
terminal equations. Since these ter-
minal equations can be written in
either a nodal or a loop form, there
is a choice of using either admit-
tances or impedances as the para-
meters. Most of the literature that
has been published has employed the
impedance parameters. It is the
author’s belief that the nodal equa-
tions together with the admittance
parameters are somewhat more suit-
able for the following reasons:

{1) The emitter current is approxi-
mately continuous through the de-
vice so that current equations appear
more appropriate;

(2) The nodal equations lead easily
to a m equivalent circuit which has
been used extensively in connection
with vacuum tubes because of
greater ease of circuit adaptability.
In contrast, the loop equations lead
easily to a T equivalent circuit with
an inaccessible neutral point;

(3) One of the most compelling
reasons is the existence of commer-
ctal equipment for the measurement
of the real part of the admittance
parameters.

There are three possible transitor
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connections depending upon which
of the three transitor elements is
is chosen as common. In order to
maintain the comparison with the
vacuum tube and because this will
probably be the most frequently
used connection, the common-emit-
ter circuit is singled out for detailed
attention. Accordingly, this article
will be devoted exclusively to the
admittance parameters associated
with the common-emitter circuit. It
is well to note that this choice im-
poses no serious restrictions as,
knowing one set of independent par-
ameters the appropriate parameters
associated with any other circuit in-
cluding the loop-derived parameters
can be easily determined. In order
that the notation to be employed be
understood, the nodal equations and
the definition of the admittance par-
ameters for a common-emitter tran-
gistor circuit are shown in Table 1.
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A few words concerning the notation
employed may be appropriate. The
first two subscripts are chosen to
coincide with the numerical notation
often used in connection with a gen-
eral four-ierminal network. The last
subscript designates the common
element of the circuit connection.
The nodal equations are depicted
most directly by means of a two-
generator equivalent circuit shown
on the top of Fig. 5. The one-genera-
tor equivalent circuit shown on the
bottom of Fig. 5 is the w equivalent
circuit that is doubtlessly familiar
to all who have studied vacuum tube
operation particularly at high fre-
quencies. The parameters of the n
equivalent circuit employ a pre-sub-
script to designate the common ele-
ment and have been designated in
a unique manner so that there will
be no ambiguity with the two-gen-
erator parameters. It is well to point
out that .y is a parameter somewhat
comparable to the complex trans-
conductance of a vacuum tube and
therefore is of considerable impor-
tance. The nodal parameters can be
used to define certain amplification
factors as shown in Table II. Of these
factors, the forward current ampli-
fication factor has been greatly over-
worked in connection with transitor
operation. Equally as important is
the forward woltage amplification

factor which has so often been over-~
worked in connection with vacuum
tube operation. The power amplifi-
cation factors were conceived by the
speaker in order to have a single
factor that might be used as an index
of the transitor performance, It is
noted that the power amplification
factors are essentially the product of
the appropriate voltage and current
amplification factors with suitable
modifications so that the final result
is always a real quantity.

With the aid of the four nodal
parameters, the actual circuit ampli-
fication, the input and output match
conditions, as well as other operating
data can be determined. These quan-
tities will not he considered except
as they enter into the subsequent
considerations of the transistor per-
formance.

Low-Frequency Measuremenits

In the preceding formulation of
small signal representation, admit-
tances rather than conductances
have been used because the junction
transitor exhibits rather pronounced
reactive effects even at relatively
low frequencies. At low enough fre-
quencies, all admittances are essen-
tially conductances, and it is these
conductance parameters that are of
interest for the low-frequency oper-
ation of the transitor. Although the
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Fig. 7: P-N-P transconductance characteristics

conductance parameters can be
measured by voltmeter-ammeter
methods a much better method is the
use of a bridge circuit. The General
Radio Co. Type 561 vacuum tube
bridge can be readily used for this
purpose with the junction transitor
being connected as though it were a
vacuum tube triode. A suitable col-
lector-to-emitter voltage is connec-
ted to the bridge plate terminals
and a suitable base-to-emitter
voltage is connected to the bridge
grid terminals. This will per-
mit the measurement of two par-
ameters, the output conductance,
geeo, and the forward transfer con-
ductance, geve, and their ratio, the
forward voltage amplification factor,
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ey The collector and base connec-
tions together with Lheir associated
supplies are then interchanged and
the input conductance, g,.., the re-
verse transfer conductance, g,.., and
the reverse voltage amplification
factor, u,., measured.

Bridge Measurements

The bridge measurements are
made at 1,000 cps, and since reactive
components are also balanced, the
real components of the admittances
at 1,000 cps are obtained. The bridge
balance for the measurements made
on the collector side are obscured to
some extent by transistor noise, but
with some care and the usual pre-
cautions, measurements on the col-
lector side as well as on the base side
can be made to three significant fig-
ures. The measurement of the volt-
age amplification factors can be used
to check the self-consistency of the
data which is generally within a few
percent.

The 1,000 cps equivalent circuit for
the p-n-p junction transistor is
shown in Fig. 6 with components
other than trans-conductance speci-
fied in terms of resistance rather
than conductance. The dc operating
point chosen was a collector-to-
emitter voltage of —6.2 volts and a
collector current of —2 ma. There are
a few items of interest in connection
with this equivalent circuit. First, it
is noted that the feedback resistor
between the input and output, al-
though not infinite as is the case for
a vacuum tube, is large enough that
it is sometimes permissable to con-
sider the input and output circuits
independently. Next, it is interesting
to note that the transconductance,
45.9 ma/volt, of the transistor is con-
siderably larger than transconduc-
tances of vacuum tuhbes. Of greater
importance, is the fact that the
transconductance-to-emitter current
ratio, g,,/15, should have the theoret-
ical value of e/kT = 38.6. The actual

)
TEST SISNAL

DIFFERFEMNTIAL NULL INDICATOR

Fig. 8: Input admittance bridge test sef

value of this ratio does not differ
greatly from this theoretical value.
Thus for the transistdr under con-
sideration this ratio is 23, that is,
(Continued on page 150)
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New Equipment and Components

Preview of products to be displayed at 1953 IRE Convention

Mounting Assembly

The 11338 assembly is a relay rack mount-
ing frame designed to hold combinations of
the 11301 cover tray which is the mounting
base for the Aliec Lansing A-428B amplifier
and the 11302 cover f{ray which

is the

mounting base used with the A-429B am-
plifier, P-522A and P-523B power supplies.
The 11338 assembly will hold a maximum
of nine 11301 trays or a maximum of six
11302 trays. Theze trays are mounted per-
manently in the 11338 assembly in the quan-
tity which may be required and the am-
plifiers or power supplies are mmated into
them since they contain the mating part
of the Cannon connector to which permanent
wiring is attached. Wiring gutters are pro-
vided in this frame, as well as heavy-duly
terminals for connecting 60 cycle power
leads. All wiring connections are made in
the rear. The assembly provides easy access
to the equipment contained therein and fa-
cilitates testing and metering of the various
units.—Altec Lansing Corp., 9356 Santa Mon-
ica Blvd., Beverly Hills!, Calif. —TELE-TECH
& ELECTRONIC INDUSTRIES.

Antennas

. A complete line of UHF and VHF receiv-
ing antennas include Model UHF 200 rhom-
}13_;((}: antenna shown. Terminal resistance is

s SR - B
( include: corner
reflector with 13 db gain; ulira V-beam; six-
element Yagi for 10 UHF channels; broad-
band UHF bowtie and reflector with 7.3 db
gain; donble-vee; and the Model Jet 283
VHF-UHF combination combining a bowtie
and conical antenna-—JFD Mfg. Co., Inc,,
61601 Sixteenth Ave., Brooklyn 4, N.Y.—-
TELE-TECH & ELECTRONIC INDUSTRIES.

Fungus-Proof
Nylon Lacing Cord

A new Nylon.Lacing Cord and Flat
Braided Tape resists deterioration due to
the growth of meld and micro-organisms.
The special synthetie resin coating on the
cord and tape causes the life to be consider-
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ably lengthened. They are said to have a
high abrasion resistance and low moisture
absorption. A further advantage is that they
have the desirable malleability of wax and
are non-toxic to humans.—Heminway &
Bartlett Mfg. Co., 500 Fifth Ave., New York
36, N. Y.—TELE-TECH & ELECTRONIC
INDUSTRIES

X-Band VSWR Meter

Simplified, direct measurement of VSWR
in the 8.5 to 9.6 KMC range is accomplished
with the Model 539 test set. One application
shown 1is checking the transmission effi-
ciency of a radar scanner’s waveguide feed
system. This portable X-band unit contains
modulated source, microwave bridge, de-

tector, amplifier, indicator and power sup-
plies. VSWR range is 1.05 to 3.0 in three
calibrated scales, and 3 to 10 uncalibrated.
Accuracy is from 5 to 10%. Size of the
35-1b. set is 17.75 x 11.25 x 10 in. In addition,
other equipments on display include: Model
538 direct-reading X-band power meter;
thermistor mounts for measuring power in
four bands between 5 and 25 KMC; and the
SRX-52 Klystron local oscillator.—Sperry
Gyroscope €Co., Great Neck, N, Y.TELE-
TECH & ELECTRONIC INDUSTRIES

Color TV Equipment

An integrated assembly of seven racks
comprise the equipment for the generation
and test of color and monochrome TV sig-

nals. The units include color scanning gear,
NTSC color transmitter and NTSC color
receiver employing a three-tube dichroic
monitor. Automatic pushbuttons control the
transmission and reception of existing color
signals. Also on display are monochrome
scanning equipment, an economy type TV
picture generator, and UHF noise generator.
—Telechrome, Inc., 88 Merrick Rd., Amity-
ville, N.Y.—TELE-TECH' & ELECTRONIC
INDUSTRIES

Single-Sideband Receiver

Model 155 triple~diversity single-sideband
receiver is said to provide the optimum in
reception of all forins of modulation used in
HF (3 to 30 MC) communication. This in-
cludes reception of reduced carrier single-

Additional
IRE Equipment Previews

will appear in the April issue of
TELE-TECH & ELECTRONIC INIDUSTRIES

sideband transmission, and double-sideband
transmission {either AM or PM) by exalted-
carrier reception. It is available with either
Hammarlund type SP600JX or Collins type
51J communication receivers in {triple-di-
versity, dual-diversity, or single receiver
arrangements.—Crosby Laboratories, Inec.,
Box 233, Robbins Lane, Hicksville, N.Y.—
TELE-TECH & ELECTRONIC INDUSTRIES

Portable Scaler

Self-contained portable scaler Model 2080
is a Geiger-Mueller scaler which provides
count indication with an electronic scale-
of-eight and a mechanical register. Unit in-
cludes input amplifier, scale-of-eight with
interpolation meter, register and drive, and
kattery-vibrator supply. Maximum counting
rate is 6000 counts per minute, with a paired
pulse resolution of 0.1 millisecond. Input
sensitivity is 0.5 v., and the vibrator supplies
900 v. A 700-v. type is also available. Battery
complement includes three “little six” 1.5-v.
cells, three D cells, and one 45-v. B battery,
with a battery life of 60 hours intermittent
operation. The 11-1b. device measures 11x
6.25 x 8 in. Other equipment to be on display
are the Series 1550 digital recorder and
Model 558 events-per-unit-time meter.—
Berkeley Scientific, 2200 Wright Ave., Rich-
mond, Calif.—TELE-TECH & ELECTRONIC
INDUSTRIES

Power Supply

Model 750 power supply features one reg-
ulated de voltage supply with excellent reg-
ulation, low ripple content and low output

impedance. It is continuously variable from
0-600 v. and delivers from 0-750 ma. In the
range 30-600 v. the output voltage variation
is less than 1%% for both line fluctuations
from 105-125 v. and load variation from
minimum to maximum current. The ripple
voltage is less than 10 mv peak to peak.—
Kepco Faboratories, 131-38 Sanford Ave.,
Flushing, N. Y.—TELE-TECH & ELEC-
TRONIC INDUSTRIES
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for Engineers and Designers

Exhibitors’ products reveal many new developments

Precision ‘*Magic Tee”’

A precision “X” band hybrid junction uses
a new type of construction assuring isolation
of —50 db or better as well as low VSWR

SRS
e

over a broad frequency range. Stub and
septum matching is employed to provide a
nominal VSWR of 1.05 at the design center,
and 1.185 at the 109 band extremes, using
any arm as input terminal. Better VSWR’s
can be provided on special order. In addi-
tion to its function as a Magic Tee, it can
be used as a highly accurate power divider,
in the configuration of a shunt or series tee,
by blocking the appropriate arms. It is sup-
plied with plain flange faces. in .4 x .9 inch
waveguide size in brass or aluminurmn. Other
sizes can be supplied on special order.—
General Precision Laboratory, Inc., 63 Bed-
ford Road, Pleasantville, New York.—TELE-
TECH & ELECTRONIC INDUSTRIES

Tandem Coupling Kifs

Two new rheostat coupling Kits facilitate
the mounting of certain standard Ohmite-
rheostats in tandem. Each kit consists of a

steel ‘U’ frame, mica washer, coupling,
Allen wrench, and assembly instructions.
The large frame is designed for use with
Ohmite Model G, K. or L rheostats. The
small frame is designed for use with Ohmite
Model H or J rheostats.—Ohmite Manufac-
turing Co., 4835 Fiournoy St., Chicago, Ii.—
TELE-TECH & ELECTRONIC INDUSTRIES

New Hermetically-Sealed Series

The KH and RKH connector series have
been added to Cannon’s heremetically-sealed
lines. The new plugs and receptacles are
similar in construction to the GS0O2 and
GSO6 (AN type). Chief features of the steel
shell common to the Cannon Electric K and
RE types, is the heavy duty special Acme
thread. KH receptacles mate with standard K

plugs and RKH plugs with RK receptacles.
The true hermetic seal is achieved by the
special vitreous insulation around the steel
contacits and fused to the shell. The KH
connectors will withstand 200 to 900 psi,
depending on size and contact complement.
—320°F to -+600°F, emergencies to 1,000°F
if mating fitting and finish are expendable.
All MIL-C-5015 vibration and thermal shock
tests are met.—Cannon Electric Co., 3209
Humboldt St., Los Angeles 31, Calif.—TELE-
TECH & ELECTRONIC INDUSTRIES.

Projector for TV

A lightweight projector for TV stations
provides automatic, remote or local control
"lapping” of an unlimited number of 2"x
2” transparent sildes. In operation, projec-
tion alternates from one lens system to the
other, and the ‘“twirets’” which hold the
slides alternately revolve one slide space
as they are actuated by a solenoid mech-
anism. One loading of the two turrets gives
a seqguence of twelve slides. Additional
loaded slide turrets, which can be sub-
stituted for used turrets in a matter of sec-
onds, provide an unlimited sequence. Toler-
ances on the projection mechanism are such
that the wvariation in positioning of succes-
sive images is well within the 5 in. width
image on mosaic at approximately 36 in. from

the slide. Other lenses may be used fto
provide longer focusing distances. The
equipment includes infra red filters to give
optimum contrast with the iconoscope film
camera.—Gray Research and Development
Co., Inc., 521 Fifth Ave., New York, N. Y.—
TELE-TECH & ELECTRONIC INDUSTRIES.

Capacitors

A line of high voltage disec ceramicon
capacitors is said to provide the smallest unit
available for a given wvoltage and capaci-
tance. The standard sizes in the new lines
are 33 in., 3§ in. and 3% in. maximum diam-
eter. They have phenolic dipped, vacuum
wax impregnated case insulation. Leads are
#22 tinned coppel' wire. Standard dc working
voltage ratings are 1000, 1500, 2000, 3000,
5000, and 6000, with a dielectric strength test
of twice the rated working voltage.—FErie
Resistor Corp., 644 W. 12 St., Erie, Pa.—
TELE-TECH & ELECTRONIC INDUS-
TRIES.

Comparison Bridge

Accurate and simple production tfests can
be performed on the new general-purpose
type 1604-A Comparison Bridge. With a
basic accuracy of 0.1%, the bridge can be
used for direct comparison of resistors, capa-
citors and inductors over the wide impe-
dance range of about 2 ohms to 20 meg-
ohms, Two impedance-deviation ranges,
+5% and +209% are provided. Dissipation-
factor (or storage-factor) differences are
also indicated. The bridge is completely self-
contained with a cathode-ray visual detector
and an oscillator operating at either 1 ke
or 5 ke. Operation is from the ac line. The
point at which the bridge is grounded can
be switched, so that measurements can be
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made with the unkmown either grounded or
ungrounded. Primary application is that of
sorting components to a given tolerance.
The standard to be used need not be a
precision standard but can be a component
which has been independently measured. An
offset zero is provided within the bridge
so that an accurate standard is not neces-
sary. The bridge is also useful for meas-
uring center-tapped windings to be sure that
the tap is correctly center; for checking
ganged potentiometers and capacitors; and
for measuring small capacitors of a few uuf
by placing them in parallel with, say, 100
put.—General Radio Co., 275 Massachusetts
Ave., Cambridge 39. Mass.—TELE-TECH &
ELECTRONIC INDUSTRIES.

Filter Subminiaturization

Reductions of from 40 to 509% in the size
of r-f interference filters through the use
of metallized paper capacitor elements and
inductances made with special windings
on high permeability core materials are

P

currently being effected. Standard or spe-
cially designed filters are available in single
or multiple filter section for suppressing
conducted and radiated noise on one or more
power lines and for noise attenuation from
14 kec to 1,000 mec. Subminiature filters con-
form to all existing government specifica-
tions.—Astron Corporation, 255 Graunt Ave.,
E. Newark, N. J—TELE-TECH & ELEC-
TRONIC INDUSTRIES

Coaxial Terminal Triode

A water-cooled ring seal triode incorpor-
ating an integral anode water jacket, the
ML-6257, is designed specifically for r-f
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NEW EQUIPMENT & COMPONENTS (Continued)

heating application in the 2-3 kw range,
but is well adapted to AM, FM and TV
transmission. The fube has plate input and
dissipation ratings of 7 kw and 5 kw, re-
spectively: stress-free thoriated tungsten
filamenit operates at 12.6 v. 27 amps.
Maximum ratings apply to 110 MC. It is
also available in forced-air cooled model
and in a version designed for use with
Machlett guick-change automatic seal water
jacket.—Machlett Labs.,, Inc., Springdale,
Conn.—TELE-TECH & ELECTRONIC IN-
DUSTRIES

Resistors .

Hermetically sealed resistor series 1160 and
1161 features rugged, shock-resistant con-
struction provides complete protection from
corrosion, fungus and other harmful effects

of extreme humidity and temperature. These
resistors are intended for use as secondary
standards, resistor elements in bridge net-
works, in voltage divider circuits, in attenu-
ation networks, ete. Resistor windings, either
spool or card type, are supplied with various
types of wire, depending upon the resistance
and temperature characteristics required for
the specific application. Temperature coeffi-
cients as low as 20 parts per million are
available. All windings are artificially aged
to insure stability and may bhe obtained
with accuracies as close as +0.05%. The high
stabilily achieved assures no appreciable
variation in resistance or accuracy with long
use, Spool-type resistors are nen-inductively
wound and for most applications, there is no
appreciable effect over the audio range.
Where card-type windings are employed, the
frequency range is limited by the particular
design; the usual range is from 0 to 10 MC.—
The Daven Co., Dept. HR, 191 Central Ave.,
Newark 4. M. J-TELE-TECH & ELEC-
TRONIC INDUSTRIES

Vacuum Gauge

Type 511 Alphatron (R) vacuum gauge
employs a shielded radioactive source instead
of a hot filament. Alpha particles ionize the
gas. Ionization current produced is measured

by a de amplifier which is calibrated to give
absolute pressure in millimeters of mercury.
The sensing element and first stage ampli-
fter are housed in a steel envelope which
weighs only four ounces. Attachment to the
vacuum system is made by a l& in. standard
pipe thread tubulation. The power supply,
high stage amplifier, range selector, and
output meter are incorporated in a compact
stainless steel housing weighing 7 lbs. Fe-
pendence on outside power supply which
is subject to fluctuation is eliminated by the
use of readily available batteries. The use of
batteries eliminates an expensive regulated
direct current power supply and substan-
tially reduces the cost of the gauge—Na-
tional Research Corp., 70 Memorial Drive,
Cambridge, Mass.—TELE-TECH & ELEC-
TRONIC INDUSTRIES
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Pofeniiometers
A new series of panel mounting precision
potentiometers, Dekapot model DP-211,

achieve a linearity that is better than
+0.019; and total resistance that is better

S 2

than +0.05%. The Dekapot has two decades
of fixed resistors and an interpolating slide-
wire to accomplish the voltage division. The
cdial arrangement gives an effective scale
length of 390 in. The resistance wire used
has a temperature coefficient of less than
+£0.0029% C°. These units are now available
in total resistances of 10,000 ohms. Other
values are available on snecial order.—
Brown Electro-Measvurement Corp., 4635 S. E.
Hawthorne Bivd., Portland 15, Oregon.——
TELE-TECH & ELECTRONIC INDUSTRIES

Triode-Pentfode

Both sections of a new miniature nine-pin,
triode-pentode receiving tube are electrically
independent and adequately shielded. The
pentode section is said to provide excellent

5 - S .' l, R .-s : ém%-m

gain with a low local oscillator woltage
which minimizes oscillator radiation. The
pentode section may also be used as an i-f
amplifier, video amplifier, sound limiter or
syne separator. The triode performs satis-
factorily as a horizontal or vertical oscillator,
or sync clipper.-—Sylvania Electric Products
Tne,, Radio Tube Division, Emporium, Pa.—
TELE-TECH & ELECTRONIC INDUSTRIES

UHF Frequency Mefer

A direct reading UHF {frequency meter
(model FM-3) has a resetability which is
+0.0005%, and stability which is =+0.001%.
Accuracy is -+0.0019% and range is 20-640

MC. Under certain conditions it can be used
to 1,000 MC. The multiple oscillator r_nethod
of frequency method is utilized. It is sup-
plied with ~carrying case and removable
cover and can be used with batteries for
portable use. Provision is made for attach-
ing an external power supply for fixed sta-
tion. use.—Gertsch Produets, Inc., 118486
Mississippi Ave., Los Angeles, Calif.—TELE-
TECH & ELECTRONIC INDUSTRIES

Magnetic Tape

A new magnetic tape for critical recording
applications employs a new- magnetic coat-
ing material with increased magnetic rem-
nance. Designated “Scotch” No. 120 “I_—Ilgh
Output” (trade mark) magnetic tave, it is
designed especially for use in radio, tele-
vision and recording studios, in computer
work, and in other critical applications. The
new tape is stated by the manufacturer to
produce at least 8 db more output at a given
distortion level than any other magnetic tape
over the entire range of the audio spectrum.
It has a cellulose acetate backing of the
same grade and thickness as standard
“Scoteh”™ No. 111 magnetic tape. Limp and
easily handled, the new tape has a strong
and flexible coating, “dry lubricated” by a
special process to prevent squealing on criti-
cal machines. No. 120 tape has the same
coercivity, frequency response erasability
and print ratio as No. 111 tape, and no
change in bias is necessary to obtain maxi-
mum results from the new tape on machines
now set for optimum bias for No. 111 tape.
Qutput uniformity at 1 XC is guaranteed not
to exceed -+14 db within a reel, and +1%
db from reel to reel. The No. 120 tape is
available in lengths of 2400 ft. on the
NARTB reel or hub, and in 1200-ft. lengths
on the 7-in. professional plastic reel with
the special 234 in. hub only. All lengths are
guaranteed splice-free. List price is $7.00 for
the 1200-ft. length, $13.00 for the 24N0-ft.
length on the NARTB hub, and §$15.85 on
the NARTB reel.—Minnesota Mining and
Manufactrring Co., 900 Fauguier Street, St.
Pavl 6. Minn.—TELE-TECH & ELECTRONIC
INDUSTRIES

Oscilioscope Camera

A new cathode-ray oscilloscope recording
camera provides still, continuously moving
film, and drum photography. These three
modes of operation, each having its own
special advantages, provide records for
measurement of electrical and physical
phenomena that may be displayed on a
cathode ray tube. This camera is manu-
factured by Southern Instruments Lid., Sur-
rey, England. A continuous feed mechanism
provides for the movement of 25 ft. of sen-
sitized material at rates of from 0.4 to 100
in. per second. The drum attachment, carry-
ing 20 in. of sensitized material, provides
linear speeds from 4 to 1200 in, per second.
Performated or unperforated film or paper
of either 35mm or 70mm width may be
accommodated. The drive metor operates on

6 to 12 V approximately, drawing 6 amps
maximum. Anx £/1.9 lens is furnished as
standard —J. A. Maurer, Inc., Photographic
Instrumentation Div., 37-01 31 St., Long Is-
land City 1, N. Y.—TELE-TECH & ELEC-
TRONIC INDUSTRIES

Batferies

A new line of low-voltage, tiny mercury
batteries will meet the specific requirements
and characteristics of transistor operations,
such as increased energy per unit volume,
long service life, constant discharge char-
acteristics and long, corrosion-free shelf life.
All Mallory transistor power supplies incor-
porate new contact features for betier, cor-
rosion-free service, and the Power-Pak bat-
teries are coated with a “‘shrink-on’” plastic
to provide a tight, leakproof seal between
cells. They maintain a substantially con-
stant voltags and energy output level over
wide temperature ranges at current drains
from 10xa to 10 ma.-—P. R. Mallory & Co.,
Ine.. Battery Division, N. Tarrytown, N. Y.
—TELE-TECH & ELECTRONIC INDUS-
TRIES
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Relay

A miniature, hermetically sealed, double
pole, double throw relay, weighing only 3%
ounces, is designed to operate through a
wide range of environment. Due to ils well

s

R s

counter-balanced features this relay will
withstand high acceleration, vibration, shock
and tumbling, It meets the shock require-
ments of MIL-E-5400 and will withstand
continuous acceleration of 50 G without
malfunctioning. Certain contact combinations
can be furnished with a required coil power
as low as 20 mw and any relay in this series
can be obtained with a coil resistance as
high as 15,000 ohms.—Phaostron Ceo., 151
Pasadena Ave,, S. Pasadena, Calif. —TELE~
TECH & ELECTRONIC INDUSTRIES

Speakers

Each field coil in a new line of electro-
dynamic speakers is guaranteed to contain
the given number of turns within the stand-
ard tolerance. There are no wire-stretching

or other quality-reducing shortcuis to cause
deviation from the resistance and wire size
specified by the customer. The second im-
portant feature is the use of the same per-
fectly round *‘No-Rub® Voice Coil which is
used on the Heppner P.M. speaker line, This
coil (an exclusive Heppner feature) is in-
stalled perfectly round by means of a Hepp-
ner developed process which eliminates all
egg-shaped coils that cause rubs. The elee-
tro-dynamic speakers are available in 3, 4,
5, 6%, 10 and 12 in. sizes with or without
bucking coils, plugs, transformers and/or
brackets as specified.—Heppner Manufac-
turing Co., Round Lake, NlL.—TELE-TECH
& ELECTRONIC INDUSTRIES

Reverberation Unif

An improved form of the Goodfriend—
Audio Facilities magnetic tape loop system
comprises the seven-head model 42 rever-
beration unit improving recorded musie and
special effects. The signal is recorded, then
reproduced by several magnetic heads at dif-
ferent times. The reproduced signals are re-
turried to the recording head, and passed
around the recirculation loop again with

diminished amplitude. Three major controls
on the 8.75 x 19 in. panel determine head
arrangement, reverberation time, and rever-
ant-to-direct sound ratio. The unit contains
a zero-loss straight-through channel, as well
as the tape-loop reverberation channel, so
that no audio system circuit changes are
necessary. The unit may be patched directly
between studio-conso.e preamplifier output
and mixer-input, or between a tape repro-
ducer output and a disc recorder input. Con-
trolled input and output levels are —30 or
40 VU. Impedances are 600 ohms input,
600 ohms output. Frequency response for di-
rect channel is +1 db, 50-15,000 CPS; and
for reverberation channel is +1 db, 200-
8,000 CPS, and shaped from 50 to 200 CPS,
and from 8,000 to 15,000 CPS. Power re-
quirements are 117 v. 60 CP3S, 125 watts.
Reverberation time is adjustable up to 10
seconds. Also, five-head model 40 is avail-
able with adjustable reverberation time up
to 6 seconds.—Audio Instrument Co., Inc.,
133 W. 14 St., New York 11, N. Y.—TELE-
TECH & ELECTRONIC INDUSTRIES

Hipot Tesfer

Model 55¢ Hipot tester has a range up to
1500 volts in steps of 250 volts with a sensi-
tivity control that gives exact sensitivity
desired for detection of faulty insulation or

surface leakage, Features include: ac or dc
output; sensitivity up to one megohm/100
v; guaranteed shockproof to operator; audi-
ble alarm signal;, no surface arcs.—Bliss
Electronic Corp., Box 123, Sussex, New Jer-
%e:F{I.ESTELE-TECH & ELECTRONIC INDUS-

DC Calibrator

An electronic dc calibrator has been de-
veloped to correct automatically, in true
time, the non-linearities present in telemetry

mask, cut to the geometric representation
of the desired function, both transducer non-
linearities as well as errors inherent in
ground receiving equipment can be cor-
rected, thus furnishing an immediate cali=
brated output for display or recording pur-
poses. It operates on input signals from dc
to one KC with an cverall accuracy of ap-
proximately 19 of full scale. The unit is
constructed on a standard relay rack mount-
ing and measures approximately 88 x 25 x
25 in. It is designed around a 16-in. cathode
ray tube, so that masks can be cut directly,
without need for a reproduction proceess. It
can also be used as an arbitrary function
generator for lahoratory purposes or appli-
cations involving electronic analog com-
puters.—Benson-Leliner Corp., 2340 Saw-
telle St., Los Angeles 64, Calif —TELE-
TECH & ELECTRONIC INDUSTRIES
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Vacuum Capacitors

A full line of miniature vacuum capacitors
in fixed and variable types, rated at 3 KV
and 5 KV, are characterized by their small
physical size, their negligible power factor,

and their extremely wide capacity ranges.
For example, one variable unit has a capac-
ity range of 5lzupf to 1000 xuf. Another unit
has a range of 4uuf to 250puf and is omnly
4 in. long. The fixed JCSL Series and the
variable UCSL Series are both sold in ca-
pacities ranging up to 2000uuf.—Jennings
Radio Mifg., Co., P. O. Box 1278, 970 Mec-
Laughlin Ave., San Jose 8, Calif.—TELE-
TECH & ELECTRONIC INDUSTRIES

Helical Beam Anitennas

The helix conductor in a new line of
helical beam antennas for unidirectional ap-
plications in the 450-470 MC region 1is
molded integrally into a Fiberglas-polyester

resin radome housing. The Fiberglas molded
helix is rigidly mounted to a 16 in. square
ground plate which terminates the coaxial
cable connector and provides for convenient
mount to the support tower. This electrical
design affords 12 to 14 db gain in point-to-
point service and provides certain advan-
tages of circular polarization propagation
over conventional linear polarized propaga-
tion. Until the technigues of molding the
helix conductor inte the Fiberglas housing
were perfected it was almost impossible to
realize the advantages of the helical beam
antenna in a commercially acceptable struc-
ture. All helical units are designed to with-
stand 100 mph wind wvelocity with 1% in.
radial ice load. Either right-hand or left-
hand units are available as standard pro-
duction items.—Maxk Products Co., 3547-49
Montrose Ave., Chicago 18, I1l.—TELE-TECH
& ELECTRONIC INDUSTRIES

X-Band ATR

Type 6276 X-Band ATR is designed for
operation in the X-band at a frequency of
9280 MC. It is electrically but not mechan-
ically interchangeable with such types as
the 1B35 and 1B35A. A braid gasket flange
type of mounting is located near the window
instead of a resonant choke mounted seat.
Because of this, lower values of normalized
equivalent conductance and f{reedom from
arcing at high power operation are said to
be achieved. The tube is completely silver
brazed and has an overall length of one in.
The tubulation is located on the narrow
side of the waveguide body. The mount for
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the 6276 is of the flange contacting type and
may be procured from Airtron, Inc., under
part number 47855. The electrical equiva-
lent of the type 1B37 is also available. This
tube, the 6284, is mechanically interchangsa-
able with the type 6276 and may be used
in the same mount. It is designed for opera-
tion at a frequency of 8750 MC—Microwave
Associates, Inc., 22 Cummington St., Boston,
Mass.—TELE-TECH & ELECTRONIC IN-
DUSTRIES.

Printed Circuif

The Circuitron is a printed circuit which
uses a different method of bonding the pat-
tern to the insulating base. The conductive
pattern can be run from one side of the base

s

material to the other by plating through
holes maintaining circuit continuity without
the need for eyelets or other hardware. This
permits crossovers, greater design flexibility,
and easy adaptation to single-dip soldering.
Copper, silver and other metals, in any speci-
fled thickness can be used for the conductive
circuit. The pattern can be overplated with
nickel, silver, rhodium or gold.—Circuitron,
Inc.,, 400 Ninth Sireef, Hoboken, N. J.—
TELE-TECH & ELECTRONIC INDUSTRIES

Ultrasonic Delay lines

A series of fused quartz ultrasonic delay
lines for radar and electronic computer ap-
plications are available in bandwidths of 12
MC or greater, and feature an extremely low

i

e s :

ratic of spuricus to designed signals. This
can be held as low as —50 db for special
requirements. Insertion losses are also kept
to a minimum, 34 tfo 50 db being character-
istic depending on the terminating im-
pedance necessary.—Andersen Labs., Inc., W.
Hartford, Conn.—TELE-TECH & ELEC-
TRONIC INDUSTRIES.

New High-Power Klystrons

Six high-power klystron tubes have been
added to the present transmitting fube line
and will be in production soon. Developed
for UHF telecasting at San Carlos, Calif., by
Varian Associates, Inc. the tubes are rated
for a maximum power output of 15 KW
with a synchronizing peak level of 12 KW.
Each of the six tubes is rated for a specific
UHF range and together they cover all UHF
channels, from 470 to 890 MC. The type
numbers, frequency ranges, and channel
ranges for the six fubes:

Tube type Frequency range Channel range
GL-6237 47-530 me. 14-23
GL-6238 530-590 nte. 24-33
GL-6239 590-656 me. 34-44
GL-6240 656-728 me. 45-56
GL-6241 728-806 me. 57-69
GL-6242 806-890 me. 70-83

—Tube Department, General Eleeiric Co.,
Syracuse, N. Y--TELE-TECH & ELEC-
TRONIC INDUSTRIES

104

Crossbar Switch

Multiple switching of audio, video, com-
puter and other circuits is effected by cross-
bar switch employing palladium twin con-
tacts. Awvailable in up to 25 horizontial levels
and 10 vertical levels, the unit switches up

to 10 MC. Piug-in connections are used, and
strap wiring is eliminated. Contacts are
made by successive operation of seleet and
hold magnets, each requiring 200 ampere
turns equivalent to 2.5 watts. Release and
operating time is 0.0005 sec. For 10 x 10
switch shown, crosstalk is more than 60 db
down at 10 MC, bridging capacity between
adjacent conductors is 15xuxf, and size is
8 x 11 x 3.5 in.—James Cunningham, Son &
Co., Rochester 8 N. Y.—TELE-TECH &
ELECTRONIC INDUSTRIES.

Wavemefer

A wavemeter test set consists of a port-
able indicating instrument of the resonant
cavity type and other auxiliary apparatus
contained in a wooden carrying case. It
measures the frequency and relative strength

L s -

of signals from 2400 to 3400 MC, each test
set combining two methods for making such
measurements; namely, the transmission
method and the absorption method, Max-
imum powers required to produce full scale
deflection are: absorption, 2 mw; transmis-
sion, 3 mw. Accuracy is *0.1%, and “@”
loaded is over 1000. Size is 534 x 514 x 335
in., and weight is approximately 6 Ibs,,
9 ozs. The American Wavemeter is being
supplied also as TS-117/GP.-~American En-
caustic Tiling Co., 924 Kenilworth Ave.,
Lansdale, Pa.—TELE-TECH & ELECTRONIC
INDUSTRIES

Standard Microphone
and Blast Gage

Model M-141A wide range microphone
and blast gage will make absolute sound
pressure measurements over the frequency
range 20 cps to 30,000 cps and covers a
dynamic range from a few dynes/em? io
several million dynes/ecm?. The new standard
is in the form of a 5§ in. diameter cylinder

with a small fange near the pressure sensi-
tive end to permit its flush mounting into
a pipe or chamber when desired. A 20-ft.
cable is provided as an integral part of the
microphone and the sensitivily is accurately
adjusted so that 5 uv/dyne/cm? s_oun_d
pressure appears at the open circuit
terminals of the cable plug. The micro-
phone employs ADP crystals in its con-
struction and may be used up to tempera-
tures of 180°F. Total electrical capacity is
approximately 500uuf. Adjustment of the
absolute sensitivity of the instrument has
been chosen so that if the cable plug is
connected to the input terminals of a Bal-
lantine model 3104 VTVM, or its equiva-
lent, the voltmeter hecomes a calibrated
sound pressure level indicator giving direct
readings of sound levels from 100 db to
221 db. If the voltmeter is used with a
times 10 preamplifier, sound levels from
80 db may be accurately measured.—Massa
Laboratories, Inc, Fottler Road, Hing-
ham, Mass—TELE-TECH & ELECTRONIC
INDUSTRIES.

Smallest Broadband
Coaxial Repeater

Coaxial cables, carrying television sig-
nals from city to city, require amplifiers
at intervals of 5 or 10 miles. These are
housed in boxes large enough to con-
tain several vacuum tubes and asso-
ciated equipment. But the advent of
transistors promises to change this situ-
ation. W. H. Doherty, Bell Labs., during
his testimony in the Theatre Television
hearing in Washington showed the FCC
an experimental coax amplifier com-
pressed to the almost unbelievable di-
mensions of a metal tube ¥ in. in diam-

SIGNAL AMPLIFIER IN
— METAL CYLINDER
%jr 5 !
INCOMING ( QUTGOING
Ccoax OPENING FOR coax
POWER LEAD

Ceax tetrode transistor amplifier is housed in
metal tube measuring Yjg-in. wide and
1Y, in. long. In volume this is equiva-
lent to a stack of about four paper clips.

eter and 114 in. long, equal in volume
to a stack of four paper clips!

A tetrode (4-electrode) transistor was
used to secure the following excellent
performance: gain 22 db; response flat
to within 0.1 db from 0.4 MC to 11 MC.
Coax having an outside diameter of 100
mils can be cut at }4-mile intervals and
one of these midget repeaters can be in-
serted by pushing the coax into the input
and output ends respectively of the lit-
tle metal cylinder which houses: a
transistor, an input and an output trans-
former, diode-type voltage stabhilizers,
two terminal boards, resistors, capacitors
and provision for negative feedback!

From an operating point some miles
away can be fed the only power re-
quired, 2214 v., 5 ma. This is supplied by
a single insulated wire lying alongside
the coax, the sheath of which forms the
battery return circuit. The insulated
wire enters the amplifier through a
small hole in the side of its tiny cylin-
drical housing.
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and construction permifs have been issued through February 9, 1953

New TV Ntation Timetable

Geographical listing of new outlets for which ‘‘post-freeze’’ FCC grants

State and Gafl Ghannel Dato State and Cart Chananel Date State and Call Channel Date
City Letters No. On Air City Letters No. Gn Air City Lotters No. On Air
ALABAMA Kalamazoao WKMI-TV 36 A
Birmingham WILD-TV 48 ® Muskegon WTVM 35 “ NBESThﬂynﬁé\ROUNA WISE-TV 62 4/53
Birminghant WSGN-TY 42 ® Saginaw WKNX-TV 57 3/53 Greenshoro WENG-TV 57 ®
Gadsden WTVS 21 4/53 Ralelgh ‘WETV 28 4/53
Montgomery WOQV-TY 20 /532 MINNESOTA )
Duluth KFTV 34 3/53 NORTH DAKOTA
ARIZONA Roehester KROC-TV 10 4/53 Fargo WDAY-TV 6 -
}ncsan ilévoA.Tv 3 2/53 St. Cloud WION-TV 7 ¥ OHIB
S ®
ueson PNA-TY - ® MISSISSIPPL Akran WAKR-TY 49 Winter
ARKANSAS Jackson WITV 25 . Dayton WIFE 22 7/53
Ft. Smith KFSA-TY 22 5/53 Meridian WCOC-TV 30 = Lima WLOK-TV 73 3/53
Litle Rock KRTV 17 4/53 e WMAG.TV 23 3
[} § L] - a3
Little Rock KETV 23 MISSOURT S WireT 4 137
Columbia (NCE) g # -
CALIFORNIA Festus KAGY-TV 14 6/53 Younost WOTV 21 7/53
Bakersfeld KAFY-TY 29 4/53 Kansas City KCTY 25 /53 Younsstown WEMITV 73 Eallyi53
Fresiio KMITY 24 5/53 st. Jaseph KFEQ-TV 2 4753 Younstown WKBN.TY 27 ay
Los Angeles KPiK 22 5/53 St. Louis KSTL-TY 36 ” Tomenien WHIZ-TV 50 4/53
Los Angefss (NCE) KUSC-TV 28 E Springfietd KTTS-TV 10 3/53 anesviile :
Salinas 28 = Springfield * 3 * OKLAHOMA
Saii Bernardine KITD-TY 18 10/53 Lawton KSWO-TV 7 3/53
Santa Barhara KEYY 3 5/53 MONTANA
Stockion KTVU (TV) 36 9/53 Billings 8 % OREGON
COLORADD Butte KOPR-TV 4 * Satent ¥ 24 *
Great Falls KFBB-TY 5 * 3
Celorado Springs  KEDO-TV 13 4/53 PENNSYLVANTA
Denver DEN 26 Spring NEBRASKA Altoona WFBG-TV 10 2/'53
i g, B R Vi aa B ¥R mem o WEE 3 o
Proble KD2A-TV 3 72/55 Lincoln KFOR-TY 10 4/53 :arrjsgurg \‘VV'IHI!:T(VTV) 7515 4/
NEVADA arrisburg *
CORNECTICUT R K Hazelton WAZL-TV 63 *
Bridgeport WICC-TV 43 2/53 sno Iy 8 3/53 Johnstown WARD.-TY 56 v
Bridueport WSIL 19 2/53 NEW JERSEY New CGastle WKST-TV 45 2/53
Bridgeport (NGE) * 71 < Asbury Park WCEE-TV 58 Late '53 Philadelphia WIP-TV 29 *
Hartford {NCE) * * Atlantic Cily * 52 P Pittsburgh WENS 16 8/53
New Britain WKNB-TV 30 * New Brunswick (NCE) WTLV 19 ® Pittsburgh wTva 47 8/53
New London WNLC-TV 26 8/53 Pittsburgh WKIF-TV 53 5/53
Norwich (NCE) * * * NE%S MeﬁXICU . g ) geam?g ‘\\VJ'IE'EH-TV %3 5/53
B w k * cranfon
Waterbury WATR-TY 53 3/53 Santa Fe * 2 . Seranton WeBLTV 22 iﬁi
ELORIDA NEW YORK i es-Barrg WILK-TV 34 *
Ft. Lauderdale WITV 17 * N Williamsport WRAK-TV 36 ®
Ft. Lasderdale WETL-TV 23 4/53 Afbany (NCE)eEy Wity Y . York WNOW-TV 67 4/53
Lakeland WONN-TY 16 * Buffalo {NCE) WTVF 23 - SOUTH CAROLINA
Pensacola WPFA 15 6/53 Buffalo WBUF 17 4/53 Charteston WCSG-TV 5 4753
?‘Vt' Petershurg WSUR-TY 38 5/53 Buffalo WBES-TV 59 9/53 Columbia WNOK-TY 49 4/53
est Palm Beach ~ WIRK-TV 21 6/53 Elmira WTVE 24 3/53 Columbia WC0S-TY 25 Spring
1BAND :ﬂl:aca (NCE) * 14 ® Greenville 23 #
t .
Baise KiDo-TV 7 /53 Jamaecsatown “ﬁ?“g gg 11/“53 SOUTH DAKOTA
Boise KGEM-TV 9 ¥ail Kingston WKNY-TV 66 * Sioux Falls KELO-TV 11 3/53
, N. Y. City (NCE}  WGTV 25 =
ILLINGIS Poughkeensie EOK-TV 21 12/53 TEé‘,?'a'fff.,'EEga WTVT 43 3/53
Bellevills WTVI 54 5/53 Rothester (NCE) WROH 21 - Chattanooga Wwouge 45 -
Chicago WHFC-TV 26 - Syracuse (NCE) WHTY 43 » Johnson Gity * 11 .
Danvills WDAN-TY 24 12/53 Watertown WWNY-TV 48 * Memphis = 13 s
Deeatur WTVP 17 7/53 r
geoiifa g \'\x"{_\GHJV 19 & TEXAS
ockfor 1] 39 4/53 Amarillo KGNC-TY 4 3/53
KD IAKA NEW TV STATIONS on the AIR Amariilo KFDA-TV 10 3;53
State and Call Channel Date Austin KCTV 18 :
Lafayette WFAM-TVY 59 5/53 City Letters No on Air Austin KTVA 24 *
Muncis WLBC-TV 49 3/53 : BDeallljmuni KBMT 3] 5/53
ALABAMA allas * 23 +
10WA Mobile WKAB-TV 48 12/52 El Pase KEPO-TY 13 4/53
Fort Dodge ke 21 * Mobhile WALA-TY 10 1/53 Galveston KGUL 11 3/53
Sionx gﬁy &:}‘TV Bg 4 e ARIZONA ﬁalvetstun KTYR 41 °
Sioux ity w /33 Tueson KOPO-TV 13 2/53 Houston (NCE) KUHT o2 5(53
KANSAS COLORADO Houston KNUZ-TY 39 7/55
Hutghinson - i2 b Colorado Springs KKTY 11 12/52 Lubbock KCBD-TY 11 4/53
Manhattan (NCE)  KSAC-TY 8 ° Denver KBTV 9 16/52 San Angelo KTXL-TV g »
NTUCKY Denver KFEL-TY 2 7/52 ?an il\ngelo KGKL-TY 3 -
KE ; emple * 6 *
ILLINOIS
Ashland WPTV 59 7/53 / Tyler * 19 *
Henderson WSON-TY 50 5/53 Peoria WEEK-TV 43 1/53 Waeo KANG-TY 34 6/53
Louisvills WKLD-TY 21 Spring INDTANA Wichita Fails KTVW 22... 4753
Louisville wLOU-TY 41 * South Bend WSBT-TV 34 12/52 ‘#‘"H!{*‘ Il;'a”s I(FD)‘}-TV 3 3/53
LOUISIANA fehita Falls KWFT-TY 6 3/53
LOUISIANA ;
Baton  Rougs KHTY 40 . Baton Rouge WAFB-TY 28 1/53 Vlgﬁmlmt " .
Lake Chatles WTAG (TV) 25 6/53 MAINE ~ a’.‘;t esville 64 *
Honroo KNOE-TV & 4753 Bangor WABI-TV 5 2/53 Danvitic WBTM.TV 24 :
Manroe KFAZ-TY 43 5/53 NEW JERSEY niz.ﬁaﬁ:’g »‘fi‘r?c?\P TT\Y : %‘? *
Atlantic Gity WFPG-TV 46 12/52 .
MARYLAND WASHINGTON
Baltimar WITH-TV 60 . OREGON i
X - Portland KPTV 27 9/52 Bellingham KY0S-TV 12 5/53
Frederick WFMD-TV 62 Spokane KXLY-TV 4 P
' PENNSYLVANIA Tacoma KTNT-TV 11 *
MASSACHUSETTS Reading WHUM-TV 61 2/53 Tacoma KMO-TY 13 5/53
Fall River WSEE-TV 46 5/53 Wilkes-Barre WBRE-TV 28 1/53 Yakima KIMA-TV 29 353
Kew Bedford WNBH-TVY 28 2/53 York WSBA-TV 43 12/52 Yakima KIT-TV 53 7733
Northampton WACE-TV 36 hd TEXAS
Springneld-i-lulyuka wWwLP 61 2/53 Austin KTBC-TY 7 11/52 WISCONSIN
Snrlngﬁeld-Hoiynke WHYN-TY 55 3/53 £l Paso KROD-TY 4 12/52 Appleton WNAM-TY 42 9/53
MICHIGAR El Paso KTSM-TY 9 1753 Gfﬂg'} Bay WBAY.-TV 2 ®
Lubbock KDUB-TV 13 11/52 Madison WKOW-TV 27 6/53
Ann Arbor WPAG-TV 20 3/53 Madison * 33 6/53
Battle Greek WBKZ-TV 64 5/53 VIRGINLIA \ Neenah WNAM-TV 42 Fait
Battle Creek WBCK-TV 58 8/53 Lynehburg WLVA-TV 13 2/53 Oshkosh WOSH-TY 48 4/53
East Lansing WKAR-TY 60 8/5 Roanoke WSL1S-TV 10 12/52
Fllnt WeTy 28 Spring WASHINGTON WYOMING
Flint WTAC-TV 16 * Spokane KHQ-TV 6 12/52 Cheyenne KFBC-TY 5 *
lackson WBIM-TV 48 i HAWALI HAWAILI
) ) Honoluly KGMB-TY 9 12/52 Honolulu KAMI 11 Early 53
* [nformation not available at press time. Honoluly KONA 11 11/52 PUERTO RICO
(NCE) Noncommercial educational station San Juan WKAQ-TV 2 Late '53
TELE-TECH & ELECTRONIC INDUSTRIES ¢ March 1953 105
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WASHINGTON
News Letter

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

FRANK PLANS—As had already been forecast in
this column, the FCC in its future proceedings on major
policy determinations will not allow time-consuming
presentations of testimony and self-serving blue-print-
ing of plans by proponents for new communications
and television services such as prolonged interminably
the color television case. This new FCC procedure
was exemplified in the theater television issue when
the Commission ordered the motion picture industry
to answer eight questions to give the specific plans for
their establishment of the theater TV service. The FCC
ordered the answers so the regulatory agency could
decide “whether to proceed further with this hearing”
and whether the continuance of the proceeding with
the rather nebulous plans of the film industry “would
serve any useful purpose.”

BED-ROCK FUNDAMENTALS—There are three
choices for the FCC, it is regarded, for the continuance
of its deliberations on the theater TV issue. The Com-
mission could dismiss the motion picture industry
petition, or continue the hearing in its present form,

or—the most likely course—the hearing procedure.

should be recast into the delineation of its bed-rock
fundamentals. The FCC directed the counsel for the
motion picture industry and the film theaters to sub-
mit their intentions on why if common carrier facilities
like those of the Bell System were used it was not
feasible to operate on the already allocated common
carrier frequencies instead of sharing the industrial
services spectrum space; under what concept the thea-
ter TV service would be established as an industrial
service; the extent of the frequencies sought by the thea-
ter industry; the entire costs of the theater TV service
so as to determine the ultimate cost of admission to the
film theater patron; the percentage of time on a day-
by-day basis of the proposed service; and if programs of
only live interest will be provided over theater TV.

SLOW APPOINTMENT—Because of the more
urgent national and international problems, together
with the selection of the major appointments, President
Eisenhower had not designated the new FCC Commis-
sioner to replace appointee Eugene H. Merrill up to
the press deadline of TeLE-TecH. In fact there had been
no appointments of commissioners to any of the admin-
istrative or regulatory agencies such as the Interstate
Commerce Commission, Federal Power Commission,
Securities and Exchange Commission and similar gov-
ernmental units since the selections for the higher level
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posts in the departments and agencies were being care-
tully scrutinized for the best possible choices and Presi-
dent Eisenhower has taken on the added duty of inter-
viewing each appointee personally. Commissioner Rosel
H. Hyde still was out in the {front as the President’s
probable choice for the FCC Chairmanship, because
of the overwhelming support from all segments
of the communications, broadcasting-television and
electronics industries.

MAY BE DROPPED—The revocation of the grand
jury authorization in the ec¢riminal anti-trust allega-
tions against twenty radio-television-electronics manu-
facturing companies which was the final official act of the
Truman Administration’s Attorney General McGranery
was felt to augur the dropping of the entire anti-trust
suit even under civil litigation. Launched mainly be-
cause of the color television controversy with implica-
tions that some manufacturers had banded together in
concerted action against the FCC-proposed color video
equipment standards, the suit had been a rather definite
deterrent in the full production by the electronics in-
dustry for the defense mobilization program. It also
was a hurdle for progress in the goal of public color
television and with the litigation out of the way color
TV can now progress rapidly. Like similar rather use-
less anti-trust litigation the case had caused the manu-
facturers and the Radio-Television Manufacturers As-
sociation to make substantial expenditures of funds and
personnel working time to compile data and reports,
particularly on patent practices, sought by the Depart-
ment of Justice attorneys. The Radio Corporation of
America particularly had been called upon to furnish
voluminous reports on its patent practices and policies.

INDUSTRIAL RADIO GROUP—Between 1100 and
1200 licensees in the rapidly-growing special industrial
mobile radio services were called upon to establish an
organization in that field at a meeting Feb. 18-19
at St. Louis. The association is to work to prevent
any possible encroachment by other radio users upon
the presently allocated frequencies for the special in-
dustrial radio services. In addition, the newly-formed
association plans to coordinate the assignment of
present frequencies allocated to the service to insure
equitable distribution and minimum interference.

ROLAND C. DAVIES
Washington, Editor

National Press Butlding
Washington, D. C.
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METAL PLASTIC ASSEMBLIES

To produce the intricate assemblies of metal and plastic
so essential in gear of all kinds, facilities include a com-
bination of metal stamping and plastic production. A
highly trained staff is available for any military or com-
mercial requirement.

The list below comprises the products of both Cinch and Howard B.
Jones Division. They are indicative of their wide scope and also
indicate the myriad of variations and redesigning that are possible
with this background of production experience.

SOCKETS: Tube (Receiver, Transmitter and Speciall: Battery,
all types « C-R Tube s Crystal s Electrolytic ¢ Gloss Type; 4 to 7
prong laminated ¢ Infra-red Ray 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-Minia-
ture; Heoring Aid Types  TV: 110V Circuit Breakaway s Vibrator o
Pencil Tube Transistor ¢ Diode

ANTENNA JACKS METAL STAMPINGS
BANANA PINS AND JACKS MICRO-CONNECTORS

BARRIER TERMINAL STRIPS MOUNTING DEVICES Qe Ko,
FANNING STRIPS PHONO TIP JACKS * ";;
BATTERY PLUGS & SOCKETS PRINTED CIRCUIT, CONNECTORS ‘

BINDING POSTS

DIODE SOCKET SHIELDS, TUBE-MINIATURE &

NOVAL & BASES SOLDERING

CONNECTORS, MULTI CONTACT LUGS—200 VARIATIONS
EL:::ED iTAR;;S' BLOCKS & BOARDS ¢roab nuTs
TRANSISTOR SOCKET

GRID CAP SHIELDS
HERMETICALLY SEALED TUBE TUBE HOLDERS—SPRING TYPE
SOCKETS VIBRATOR PLUGS AND SOCKETS

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

AT THE IRE-NATIONAL CONVENTION:
BOOTH No. 505 & 506

1026 South Homan Ave., Chicago 24, !llinois

Subsidiary of United-Corr Fostenec
Corperation, Combridge Moss

At elecironic com-
ponent jobbars —
everywhere.

— ? =l
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OARAC Computer Solves
Air Force Problems

The OARAC (Office of Air Reszarch
Automatic Computer) is a serial, dec-
imal, single address machine built by
General Electric for use at Wright-
Patterson Air Force Base for solving
problems in aircraft design, guided mis-
siles and ballistics. It has a magnetic
tape input and output, and magnetic
drum internal memory.

The computer has a 10,000-word mem-
ory, one of the largest in use. A single
magnetic head per track is used both
for recording and playing back. There
are 50 sets of four parallel tracks with
200 words on each set. A word consists
of a 10-decimal digit number, plus sign,
or of a two-digit operation code and
five-digit address. The arithmetic unit
contains a serial adder and three vac-
uum tube storage registers.

The control unit consists of two ad-
dress registers, one containing the ad-
dress of the instruction being performed,
and other containing the address of the
number being recorded into or played
back from the memory. Serial addition
time Is 83 sec. Maximum access time,
however, is 17 milliseconds and because
this is a single address machine, it
cannot be programmed to perform fas-
ter than 8.5 milliseconds or 110 opera-
tions per second. Basic repetition rate
is 150 xc.

Information is fed into and out of the
computer on magnetic tape. A piece of
information on tape consists of a word
plus its address in the internal memory.
The tape preparation unit has a stand-
ard electric typewriter,

Errors due to faulty programmiing, or
a single transient failure, can be detect-

“OARAC's” memory drum is tapable of holding
pulses representing 10,000 10-decimal numbers
and in operation it whirls at 3500 rpm rate.

1G8

WESCON CHAIRMANSHIPS ANNOUNCED

Four project committee chairmen for the 1953 Western Electronic Show and Convention (Aug. 29-31) have
been selected. Bernard Oliver (upper left}, research director of Hewleti-Packard Co., will head the papers
committee. Wilson Pritchett, (2ad from left) wiil head the arrangements committee. Les Hogan {3rd from
left} is chairman of the Hotels Committee and David Ross [extreme right) heads visitor's service.

ed by the feature of rollback built into
the machine. At any point the program-
mer can perform a check either by pro-
gramming by two different methods
and comparing results or by leading to
some known result, If the check is sat-
isfactory, the computer proceeds to the
next operation; otherwise it returns to
the preceding check point and performs
all operations over again. This can hap-
pen two times at any check point, the
third time the computer gives up and
rings an alarm.

For all of its complexity, components
have kept to a minimum. The main part
of the computer, made up of most of
the standard plug-in units, is housed
in a single cabinet approximately 16 x
253 x 7 ft. It contains approximately
1,400 tubes, 1,000 plug-in turrets, and
7,000 germanium diodes. Excluding in-
scriber-outscriber, OARAC requires
100 sq. ft. of floor space. Power required
is 20 kw.

Sound Recording Contest

Audio Devices, Inc., manufacturers
of Audiodiscs and Audiotape, have an-
nounced the opening of a cash prize
contest, with awards totaling over
$1,000.00, for the fourteen best articles
on the use of tape and disc recording
in the modern radio station, TV station
or recording studio. The following prizes
are offered:

One First Prize ........ $250.00

Three Second Prizes ... 100.00 each

Ten Third Prizes ...... 50.00 each
In addition, $25.00 will be given to the
author of any other contest article pub-
lished in whole or in part in Audio
Record or any other Audio Devices
publication.

Entries should be addressed to: Sound
Recording Contest Audio Devices, Inc.,
444 Madison Ave, New York 22, N. Y.
To be eligible for the contest, entries
must be postmarked not later than mid-
night, May 1, 1953.

IRE Appointments

The Board of Directors of the IRE
has appointed six officers and directors
for the year 1953. Haraden Pratt, tele-
communications advisor to the Presi-
dent, was reappointed Secretary of the
Institute, a post he has held since 1943.
W. R. G. Baker, vice president of GE,
was appointed Treasurer for the third
successive year. Alfred N. Goldsmith
was appointed Editor, an office he has
held since the IRE was founded in 1912,
Appointed as directors for 1953 were
Ralph D. Bennett, Naval Ordnance Lab.;
William R. Hewlett, Hewlett Packard
Co.; and Arthur V. Loughren, Hazel-
tine Electronics Corp.

First Commercial
Application of Transistors

After one year of pilot production,
Raytheon Manufacturing Co., Waltham,
Mass. now reports that it has swung
into large-scale production of junction
transistors and is presently shipping
tens of thousands of the units each
month to more than 15 hearing aid
manufacturers. These germanium tran-
sistors, selling to the hearing aid firms
for about $8 each, are expected to re-
place vacuum tubes, thereby improv-
ing performance, permitting smaller
designs, and eliminating the expense of
repeated battery replacements by about
90%. The compact junction transistors
are only 0.035 cu. in. in volume and
weigh 0.033 oz. According to Norman
B. Krim, Vice President and General
Manager of Raytheon’s Receiving Tube
Div,, since 1939 Raytheon has produced
75% of the vacuum tubes used in hear-
ing aids. With 10,000 of its 21,000 em-
ployees (including 3,500 engineers) in
this division which produces transistors,
the firm is stepping up production of
thousands of engineering samples for
other commercial and military accounts.
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YooSS

NOW Available!

50 watt - 75 watt - 100 watt - 150 watt
(25 watt available shortly)

Division of

"B Pnnn“cr Model Engineering

E Mig., Inc.

TRU-OHM VITREOUS | .

ENAMELED RESISTORS : i

— A complete line ready Vel 2800 N. Milwaukee Avenue, Chicago 18, 1.
for shipment! Factary: Hunlingion, Indiana
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SOLVE THE PROBLEM OF

NERLONDED

SWITCHBOARDS

Luiekly . ..
Easdly. ..
Punstall

WHEELER

|SOUND POWERED

Electrie

TELEPHONES

Up to 12 frequently-called locations
on this dependable intercom system
will save your overloaded switch-
board for urgent calls. .. save both
time and money. NO BATTERIES
| ...NO OUTSIDE POWER. .. NOTH-
ING TO REPLACE OR MAINTAIN.
Free from electrical hazards. Ideal
EMERGENCY standby. Meets many
SPECIAL needs. Write now for full
details.

% WHEELER

J—

INSULATED WIRE €O., INC.

DIVISION OF THE SPERRY CORP.

1107 EAST AURORA STREET
WATERBURY, CONNECTICUT
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CUES for BROADCASTERS

(Continued from page 87)

it may be pcssible to use the audi-
tion bus for the talk back in con-
nection with a high gain preamplifier
inserted between the talk back in-
put, and the audition mixer bus. Or
it can be used to over-ride the pro-
gram on the normal monitoring am-
plifier i amplifiers are at a premium.

Checking Rectifiers

LEO WILSON, Chief Engineer,
WHOP, Hopkinsville, Ky.

OSS of program time due to

rectifier arc-back can be mini-
mized by making a monthly check
of each rectifier tube and reccrding
the results. A tube which is deteri-
orating will require progressively
higher voltage for breakdown and
will fire later in the conducting
half-cycle. A simple test circuit can
check each rectifier tube.

An isolation transfolmer, and a
variable auto transformer, which
will give an output adjustable from
0 to 75 v., are needed. Connect a
voltmeter across this winding. In
series with this winding, connect a
50 ohm current-limiting resistor, a
50 ma. de meter, and the tube to be
tested. To test the tube, slowly in-
crease the applied voltage from zero
to the point where dc current just
begins to flow. The peak value of
the RMS voltage read by the volt-
meter at this point is the initial
breakdown  voltage. The peak
breakdown voltage for a good tube
will average 10 to 15v. When the

0-50me socs
ISOLATION DeC 500 872 A

866 A
Ho v <—|
AC

peak breakdown voliage reaches 30
v., the {ube should be tested at
more frequent intervals. A value of
50 v. will generally indicate that it
should be replaced.

Reel ldentification

ERWIN P. SCHOENY, Chief Engi-
neer, WGBF-WMLL. Evansville, Ind.

ECENTLY at WGBF-WMLL we

purchased the large hub type of
recording tape. Having several
dozen reels of the small diameter
tape in use, we were faced with the
problem of keeping the two types
of tape separated.

We solved this problem by mark-
ing the newer reels. This was ac-
complished by painting a red stripe
on each of the spokes on both sides
of the reel. We used red nail polish,
diluted to the proper consistency for
easy application with nail polish re-
mover.

We carry one of each size take-
up reel with the equipment and
personnel are instructed to match
the supply and take-up reel as to
color of spokes, thus avoiding inter-
mixing of tapes.

Tape delay system allowing fiffeen minute delay on a fwo-hour program, designed
by William McDonald, Chief Engineer, CKRM, Regina, Saskatchewan, Canoda.
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here are the

30 BEST SELLING RECORDS

. .. and over 43% used
audiotape' for the original sound!

Like Audiodiscs and Audiotape, this record speaks

Made from .
Audiodisc for itself.

Record, Artist & Label Master

i
|

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.

BLUE TANGO (Leroy Anderson—Decca)......... ... ...
WHEEL OF FORTUNE (Kay Starr—Capitol).............
CRY (Johnnie Ray—Qkeh). ... ... ... ... o s,
YOU BELONG TO ME (Jo Stajfford—Columbia)..........

AUF WIEDERSEH'N, SWEETHEART ( Vera Lynn—London) . . It is sioni t Lo ;

I WENT TO YOUR WEDDING (Patti Page—Mercury)...... 8 fican » too, that the orlglnal recordmgs
HALF AS MUCH (Rosemary Clooney—Columbia) .. ... .. for over 43 per cent of these records were first made
H YOU WERE HERE (Eddie Fisher— . :
WIISfugYODUWMeETh':LWET ¢ Vf;!g;gr Fiher— on Audiotape, then transferred to the master discs.
HERE IN MY HEART (Al Martino—BBS) .. ............. This marks a growing trend toward the use of

Audiotape for the original sound in the manufac-
ture of fine phonograph records.

AU WY

DELICADO (Percy Faith—Columbia)..................
KISS OF FIRE (Georgia Gibbs—Mercury) ... ... v...
ANY TIME (Eddie Fisher—Hugo Winterhalter—Victor).
TELL ME WHY (Four Aces—Decea)....... ... ... .0
BLACKSMITH BLUES (Ella Mae Morse—Capitol) . .......
JAMBALAYA (Jo Stafford—Columbia)......... oo
BOTCH-A-ME (Rosemary Clooney—Columbia)...........
GUY 1S A GUY (Doris Day—Columbia)........... .. ...
LITTLE WHITE CLOUO THAT CRIEO (Johnnie Ray—Okeh).
HIGH NOON (Frankie Laine—Columbia)...............
I'M YOURS (Eddie Fisher—Hugo Winterhalter— Victor)
GLOW WORM (Mills Brothers—Dceca).. ..o ivvuns,
IT'S IN THE BOOK (Johnny Standley—Capitol).........
SLOW POKE (Pee Wee King—Victor)..........ovivunt.
WALKIN' MY BABY BACK HOME (Johnnie Ray—Columbia)
MEET MR, CALLAGHAN (Les Paul—Capitol).............
I'M YOURS (Don Cornell—Coral) ...........cooviian..
i'LL WALK ALONE (Don Cornell—Coral}........... .. ...
TELL ME WHY (Eddie Fisher—Hugo Winterhalter—Victor)
TRYING (Hilltoppers—Dot) . ..o i i nninns
PLEASE, MR. SUN (Johnnie Ray—Columbia)...........

Yes — Audiodiscs and Audiotape are truly a
record-making combination—in a field where there
can be no compromise with Quality!
1Trade Mark

A U W U U S W W W OO O WO U W WO W U W U U W U O WA

AUDIO DEVICES, INC.

*Adccording to Retail Sales, as listed in THE BILLBOARD. 444 MADISON AVE., NEW YORK 22, N. Y.
Export Dept.: 13 East 40th St., New York 16, N. Y., Cables “*ARLAB*’

Audiodiscs are manufactured 4'?4 the U.S.A. wnder exclusive licen & from, PYRAL, S.A.R.L., Paris, , "

audioduiscs o audictape ¢ «a whlm ¢ audiopounts
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RABIO ~ELEGTRORICS
A Preview of Progress

I.LR.E. CONVENTION
0000000000000 00

EXHIBITS

WALDDRF-ASTORIAHOTEL™
GRAND CENTRAL PALACE
/NEW YORK CITY\

MARCH 23-26 1953

Come again=

Television Men!

Welcome to the Radio Engineer-
ing Show —

March 23-26, 1953
at New York City

19 IRE Professional Groups have
prepared skillfully organized sym-
posia and technical sessions on all
phases of radio, TV, and electron-
ies. These papers will keep you
up-to-the-minute on the develop-
ments which are to come in the
next few years—for the IRE Con-
vention Theme is:

Radio-Electronics
“A Preview of Progress”

The colorful Annual Meeting on
Monday at 10 (opening morn-
ing) will feature the “Founders’
Award”. Social Events inclnde the
“Get Together Cocktail Party™
Monday, and the Annual Ban-
quet Wednesday, all at the Wal-
dorf Astoria Hotel.

405 Exhibitors are using 58,680
square feet—the entire four floors
of Grand Central Palace, to give
you a “Preview of Progress™ in
the apparatus,
instruments of Radio-Electronics.
Registration: IRE Members $1.00,
Non-Members §3.00. Register at
Grand Central Palace, 47th &
Lexington Avenue, or The Waldorf
Astoria Hotel, 49th & Lexington
Avenue, New York City.

commponents and

THE INSTITUTE OF
RADIO ENGINEERS

112

Tube Reliability

(Continued from page 79)

Resonant excitation of the grid
structure as a whole, or of parts of a
grid, may take place with either
filamentary or cathode-type tubes.
The frequency of these resonant
modes for the grids of subminiature
tubes goes from a few thousand cy-
cles per second on into the super-
sonic range. Reduction of the
troublesome electrical output can be
obtained by raising the resonant
frequency of the grid or by increas-
ing the mechanical damping. Fortu-
nately we gain in two ways by rais-
ing the resonant frequency; the
amplitude of vibration, and conse-
quently the electrical output, is re-
duced for the same excitation, and
at the same time the frequency is
shifting to a less objectionable por-
tion of the spectrum for many
applications.

Resonant excitation of the fila-
mentary cathode is more pronounced
than for the indirectly heated cath-
ode. In the exchange, however, we
have lost the vexing problem of ade-
quate anchorage of the cathode to
the mica without excessive heat loss.
As with the grid structure, the best
methods of reducing the resonant
motion of the filament are by in-
creased damping and higher reso-
nant frequency. In the early days of
filamentary tubes the recourse to
high frequency resonance of the
filament was not available because
of the wuse of filaments having
inherently low strength. With the
successful production of many mil-
lions of subminiature tubes with
oxide coated tungsten filaments, this
limitation no longer exists. It is per-
fectly feasible with high production
tubes such as the CKS534AX and
CK549DX to achieve filament reso-
nant Irequencies of 8,000 cps and
higher.

With forced vibration, such as the
bending or flexing of the grid or
filament at frequencies below reso-
nance, the indicated corrective
measures are adequate anchorage to
the mica spacers and raising of the
resonant frequency. As was noted
previously, when a tube element is
subjected to acceleration the result-
ing deflection is proportional to the
fourth power of the length. This
statement can be made even more
general by saying that the resulting
deflection, or the amplitude of the
forced vibration, will be directly
proportional to the acceleration and
inversely propoitional to the square
of the resonant frequency. This is
true regardless of whether the fre-
quency is determined by the stiff-
ness of the member itself, as with a

grid, or by applied tension as with
the filament. The constant of propor-
tionality will, however, vary with
the constraints.

Next to reduction of relative mo-
tion, the controlling factor in the re-
duction of vibration output is sym-
metry. Consider a tube with perfect
symmetry with respect to the plane
through the grid side-rods. The
plate current to the right of this
plane would be the same as the plate
current to the left. If now, under
conditions of vibration, the grid
moves to the right with respect to
the cathode, the grid-cathode spac-
ing will increase for the right-hand
side of the structure and the plate
current to this side will ordinarily
decrease. Simultaneously for the
left-hand side of the structure the
grid-cathode spacing will decrease
and the plate current will increase.
If the changes in the two halves of
the plate current were exactly
equal, the total plate current would
be unchanged and hence the vibra-
tion output would be zero. The situ-
ation is the same as that of two
identical vacuum tubes in a circuit
with push-pull input and parallel
output. In such a circuit, with a sig-
nal applied to the grids, if the two
tubes had identical characteristics
the fundamental and odd harmonic
components of plate current would
be zero. The output would be com-
posed entirely of the even harmonic
components introduced by the non-
linearity of the individual tubes. As
the two tubes become unbalanced,
corresponding to lack of symmetry
in our vibration case, the funda-
mental component of plate current
would soon become larger than all
the harmonics. A like situation ex-
ists in our tube when vibrating, with
symmetry between the two halves,
the vibration output is very small
and is made up entirely of even
harmonics of the vibrating fre-
quency. As we depart from sym-
metry the cancellation becomes less
effective and the electrical output at
fundamental vibrating frequency
soon predominates. Through this
mechanism, symmetry with respect
to the central plane plays an impor-
tant part in determining the magni-
tude of the vibration output of a
tube whether vibrated at the reso-
nant frequency of an electrode or
under forced conditions below the
resonant frequency of any of the
elements.

For many years filamentary sub-
miniature tubes were made with
nickel filaments. For the past ten
years, the trend has been toward the
use of tungsten filaments so that
now practically all the subminia-

{Continued on page 114)
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Typical Model 2 Radiohm control —
only 15/16" dia., rated at Y, watt. Three
bastc switch ratings available 5. 8 and
1 amp, plus 8 switch combinations lor
real flexibility in application and de-
sign. Check No. 42-85 in coupon for
more data,

Model 1 Radiohm miniature control,
rated 1/10 wart — plain and switch
types. World's smallest volume control!
Ideal for hearing aids, other miniature
uses. New high-torque control now
available — stands wvibration to 3.0
ounce-inches. Check No. 42-138.

Newly announced Compentrol combines
volume control and Printed Electronic
Circuit. Equalizes bass” and treble re-
sponse at low volume. Furnished in 1
or | meg—plain or switch types. Check
No. 42-182 in coupon for more details.

resistance range: 14
and 1 megohm =+ 30

taper: Audio, Centralab C2 ®
waltage rating: 15 walt

voltage rating: Tested to with-

stand 1000 volts rms

marking: Control stamped with ®
Centralab part number, resist-

ance and taper: shaft stamped

with shaft number (Except
Number 1)

features make the

the control for you!.

megohm ©

You can always count on Centralab’s wide

Quick delivery plus these

Centralab Model 2 EXPRESS keeps you
ahead on AM-FM-TV

Model 2 Express

bushing: 4% long from mount-
ing surface, 3% 32 NEF thd.
switch: Single-pole, single-
throw, rated 5 amps at 125
volts a-¢c. UNDERWRITERS
APPROVED.

how to order: Specify Centralab
Express radiohm, maximum re-
sistance desired (either 14 or
1 meg.} shaft length desired by
number and/or length FMS.
Specify quantity.

variety of standard and custom controls to meet
commercial and government requirements

ENTRALAB'S newest — the Model 2 Express — is ideal for the manu-

facturer needing controls on extremely short notice. Unique time-saving
feature simplifies shaft assembly requirements — control shaft fits all standard
RTMA split-knurled and certain spring-type push-in knobs.

Shafts and controls are carried in stock at our plant, When your order is

received, desired shafts are staked directly to controls. Control assembly
arrives in your plant in just a few days! To help you plan, Centralab will even
tell you approximate delivery t7mie i1z hours, from the date your order is received,

The new Express is available in two values: 15 megohm and 1 megohm,
audio taper (C2) with SPST a-c line switch. These two values meet 75% of
requirements for switch-type controls. Flat shafts are stocked separately in
14 lengths ranging from 74" from mounting surface to 214" fms in incre-

ments of 14", For complete details check No, 42-163 in coupon,

Other famous Centralab plain or
switch-type controls — standard
or customn designs — with plain
or dual concentric shafts are
shown at left, They meet today's
demand for smaller size, extra
quality. Check coupon for more
details. Manufacturer’s samples
on alf controls on request,

A Division of Globe-Union Inc.

Milwaukee 1, Wis.

In Canada, 635 Queen Street East, Toronto, Ontario

CENTRALAB Div. Globe-Union Inc.
938 Eust Keefe Avenue, Milwaukee 1, Wisconsin

] No. 42-85;

[] 42-158;

(] 42-182; [] 42-163. Please send the

bulletins I've checked. [] I'd also like a copy of Centralab’s new
Catalog No, 28, listing more than 470 new items for che fast-chang-

ing electronic field.

MILITARY TYPES. If you use INAIE. oo oo eeee e POSIEICT roie oo,
types RV2A or RV2B, Model 2 R

variable resistors on your next COMPANY .o s
military order — there’s no con- AAACOSS o o
tractual approval or waiver re- | T T TTTITmImm s
quired. They meer JAN-R-94, L OE TS 2SRRI o1 s Y- ORI State. ... .

characteristic U requivements,
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4 Tiny, yet so mighty, in guarding against voltage
breakdowns. Yes, special dielectric materials

developed by ceramic pioneer-specialists
do safeguard your circuitry, associated
components, operational conditions, reputation,

The HI-Q Series HV line includes extra-severe-
service slug fype ceramic capacitors in ratings
up to 20,000 V. D. C. W.; disks up to 6,800;
tubulars to 7,000; and high-voltage plates
where cubical configuration permits greater
space utilization.

Our__:_"'engineers will gladly work with you
in evelving the best engineering and economical
solution of your ceramic-capacitor problem.

Literature on request.

D 1250405 cogpomarIo

| OLEAN, N.Y.
| m AEROVOX corornon

WILKOR sivison
NEW BEDFORD MASS.

CLEVELAND, OHIO
i Export: 41 £ d2nd 51, New Yerk 17, M. Y. s Coble, AEROCAP,
u"in-fﬂNMdo AEROVOX CANADA LTD., Hamiltan, Ons. JORGER ﬁDIHIFSS 740 H:l!ewtl- Ave Mew Bedford, Moy

tures are using the oxide coated
tungsten filament. The increased
strength of the tungsten permits
much higher filament tension to be
used. This results in much higher
resonant frequencies with the con-
sequent reduction in microphonic
output. The modern subminiature
also uses shorter filaments and im-
proved methods of controlling sym-
metry, All these factors contribute
to the tremendous improvement
that has taken place in the filamen-
tary subminiature within the past
few years. The over-all result is
that several of the filamentary sub-
miniatures now compare favorably
with the cathode-type tubes. For
example, when vibrated at 40 cps
with an acceleration of 15 times
gravity, tube types CKGS534AX and
CK549DX give an output equivalent
to a signal of only 200 uv at the grid.

Life Test Data

The performance of the filamen-
tary subminiature on life test is well
worth consideration. At Raytheon
we have accumulated data on more
than 27,000 filamentary subminia-
tures which were life-tested for pe-
riods ranging from 500 hours to 10,-
000 hours. Most of these tubes were
operated for 500 hours and over 2,500
tubes were carried beyond 10,000
hours. To simplify the analysis the
rejects have been arranged in three
groups: glass failures, mechanical
failures, and characteristic failures.

The results are shown in Tables I
and II. Table I is the result of life
tests on 27,260 tubes representing
13,500,000 hours of satisfactory op-
eration. Table II represents 27,000
tubes carried to 500 hours, with some
to 10,000 hours, totaling 47,000,000
tube hours of satisfactory operation.

This performance record, showing
more than 50,000 hours of satisfac-
tory operation for each failure
shows that we already have a rather
high degree of reliability with fila-
mentary subminiature tubes as they
are today. These tests were made,
of course, under controlled operat-
ing conditions and limited environ-
ment., Normal voltages were main-
tained at all times, the ambient tem-
perature covered the ordinary range
of room temperature, neither shock
nor vibration influenced the results.
The scoring was carried out with re-
spect to the particular performance
for which the tube was intended,
namely: voltage gain and power out-
put with freedom from gas and
leakage wunder normal operating
conditions.

The electric motor is often cited
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as an example of reliability. It cer-
tainly deserves this reputation when
operated under appropriate condi-
tions. Many motors are equipped
with thermal overload devices to
prevent sustained operation under
improper conditions. We would
hardly expect a motor to provide
reliable operation under conditions
of iImproper ventilation, overloading,
and in particular operation at re-
duced line voltaze while delivering
full load.

Likewise with the vacuum tube,
either filamentary or cathode-type,
in order to obtain maximum relia-
bility it is imperative that it be given
the advantage of appropriate envi-
ronment and electrical operating
conditions. The life test record
shows that the filamentary subminia-
ture tubes of today provide reliabil-
ity when given appropriate environ-
ment and electrical operating con-
ditions. These tubes were handled
many times in removal from the
racks for repeated testing during
the life test period. The filamen-
tary subminiature tubes are notable
for their ability to withstand severe
shock. Surprisingly few changes
were required to enable them to op-
erate satisfactorily after undergoing
an acceleration of 20,000 times
gravity in the proximity fuse.

Fuivure Problemn

The problem for the future is to
retain the reliability we now have
and still meet additional require-
ments imposed by operation under
conditions of shock, vibration, high
ambient temperature, and abnormal
electrical conditions. The solution to
this problem will require progres-
sive changes in tube design, mate-
rials, and processing. At the same
time abnormal electrical operating
conditions must either be avoided or
the tube must be processed and
tested with the abnormal condition
in mind. Tubes are being improved
constantly, particularly with respect
to their ability to perform under
conditions of severe vibration. In the
meantime, for applications whera
either the environment or the oper-
ating conditions are unfavorable to
the tubes as they are now made, a
closer relationship between the user
and the maker of tubes can be of
utmost importance. Reliability can
be best realized through the coop-
erative efforts of the tube desizn,
process, and circuit engineers, The
reliability of a system requires the
proper tube for the application and
the proper application for the tube.

This paper was first presented at the Na-
tional Electronics Conference held in Chi-
cago. Sepl. 29-Oct. 1, 1952.
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ie license agreement, these deposited-
_ ﬁl%ﬁﬁﬁ 3}__'fh}5.oratory-grade Instruments
and assemblies. For -sﬁﬁérf&ﬁﬁ%ﬁ"st%ﬁility under the most adverse
operating conditions, Carbofilm resistors are now available in
hermetically-sealed metal casings with glass-to-metal end seals.
Thoroughly protected — mechanically, electrically, climatically.
Guaranteed tolerance of plus/ '
minus 1%. Available in 14, 1 and
2 watt sizes. Just about everything
a precision resistor should be!

Also in the coated (special resin
film seal) type for accuracy,
stability, economy. Guaranteed
tolerance of plus/minus 1%.
Excellent characteristics. 14, 1 and
2 watt sizes.

Carbofilm resistors, in both hermetically-sealed and coated types, are
available in standard values as well as special values made to your
requirements. Literature on request. Let us quote on your precision
resistance needs.

AEROVOX oRrPORATI ON

www americanradiohistorv com


www.americanradiohistory.com

4/&0%% Machlett Contribution Toward Better,

More Reliable Tubes for Industrial Service

ML-6257 is the latest addition to Machilett’s
line of tubes specially designed and processed
for use in electronic heating equipment. It ful-
fills a long standing requirement for a long life
tube which can safely provide 3 kw of heater
output with reliability and economy.

ML-6257 —with its companion tubes MIL.-6256
and ML-6258—makes available design and per-
formance characteristics which provide a higher
standard of value for all applications—including
AM, FM & TV broadcasting.

ML-6257 is rated 5 kw plate dissipation with
cooling provided through an integral anode
water jacket. Type ML-6256 with the same rat-
ings uses the Machlett automatic seal water
jacket, Type ML-6258 designed for forced-air
cooling is rated at 3 kw plate dissipation.

Phone, wire or write for more information—-
Machlett Field Engineers will be glad to assist
in any tube application problem.

RATINGS AND CHARACTERISTICS

Electrical Data—General

Filament voltage....oooiveeviiinn., 12.6 Volis
Filament current.......c..ocoooii, 27 Amps
Amplification Factor .................... 21
Interelectrode Capacitances:
Grid-Plate .co.covvoveei e 20 uuf
Grid-Filament ....coooeeeevivveie 22 nuf
Plate-Filament ....cccooovveeiiienneen, 0.7 uuf

Maximum Ratings—Class C Telegraphy
(Key down conditions per tube
withoat modulation)

D-C Plate Voltage .cooooveeiieene
D-C Grid Voltage ... —1500 Volts

D-C Plate Current ....coeeeevvenn.. 1.5 Amps
D-C Grid Cuarrent ......cocoeveivivnnns 22 Amp
Plate Input .o, TkW
Plate Dissipation ..o 5 kW

Machlett Industrial and Broadcast Tubes will be exhibited

at the 1953 |.R.E. Show, Booths 1-116 and 1-117

OVER 50 YEARS OF ELECTRON TUBE EXPERIENCE

mGACHLETD

116

SPRINGDALE, CONNECTICUT

MACHLETT LABORATORIES, INC,,
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H YV Supply
(Contmmued from page 96)

justment is restricted to the primary
tank circuit.

Fig. 6 shows the output character-
istic for several different coefficients
of coupling, including critical coup-
ling. The dc output characteristic for
critical coupling corresponds to the
curve labeled K,=10.03. The other
values of coupling in this plot are
greater than K . Oscillator plate cur-
rent is plotted to indicate the over-
all efficiency of the system as the
parameter of coupling is varied.
Examination of Fig. 6 shows that ef-
ficiency increases with increased
coeflicient of coupling, but the maxi-
mum dc output voltage shows little
increase for K greater than 0.17.
From the curves in Fig. 6, we are
able to choose the optimum coup-
ling for a particular value of Lp,
and Lg... Since the maximum out-
pul obtained is approximately equal
for all values of K from 0.08 to 0.22,
we can choose the output charac-
teristic which is the most eflicient
and has the most desirable shape.

The maximum dc voltage output
obtained at a coefficient of coupling
greater than K.=10.03 corresponds
to the lower-frequency resonant
peak of an overcoupled circuit. This
resonant peak occurs at a frequency
below f,, where f, is the resonant
frequency of the secondary circuit
in isolation. Operation at the lower-
frequency resonant peak is more de-
sirable than at the higher-frequency
peak. This has been pointed out by
several others who have investigated
r-f type power supplies. 1.2

OQuipul Characierisiies

The output characteristics in
Figs. 4, 5, and 6 show some marked
discontinuities which should not be
confused with double-resonant phe-
nomena of over-coupled circuits. As
a matter of fact, the sharp dips in the
curves are a function of the resonant
frequency of the primary and har-
monics present in the oscillator. For
example, in Fig. 5, the first dip, at
Cp,; = 900 uud, is due to the presence
of the second harmonic and at
Cypri = 300 puf is due to the presence
of the third harmonic. For these
values of primary capacitance the
primary tank is tuned to a {requency
2 x £, and 3 x f,, respectively, in
the absence of the secondary circuit.
Since the tickler c¢oil is coupled
closely to the secondary the r-f
oscillation frequency is very nearly
f, (the resonant frequency circuit).
However, there is some coupling be-

(Continued on page 118)

for something really new, see these...

¢ high-speed magnetic tape handler

¢ high-speed “teledeltos” digital recorder

e plug-in decades, shift registers, frequency dividers
® four all-new. frequency-time counters

¢ multiple sequence pre-determined counters

® photo-electric detectors

¢ high resolution 8-mc¢ chronograph

let's talk about your application!

Let Potter experts analyze and simplify
your work in any phase of counting,
timing, frequency measurement, data
handling or control. In a very few min-
utes of your time, we can show you how
a standard, low-cost, time-saving Potter
Instrument can be applied in your work
program, Why not consult us?

Write for our catalog covering operating
principles and typical applications.
There is a Potter Instrument ideally
suited to your needs. ADDRESS DEPT. 3.J

POTTER INSTRUMENT COMPANY, INC.

115 CUTTER MILL ROAD GREAT NECK, NEW YORK
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tween the primary tank and the tick-
ler coil. Consequently, when the
value of C,,; is such that Ly, and
Cp,; tune to a frequency 2 x {,, the

‘v-f voltage developed across the pri-

mary is predominantly at this higher
frequency. This is similar to a class-
C amplifier tuned to operate as a
harmonic generator. Since the sec-
ondary tank is tuned to f, and is
very selective, the output from the
secondary is reduced at the points
where the primary tank is resonant
to a harmonic. Therefore, dips in the
de voltage output occur, correspond-
ing to the second and third har-
monics of f,. When the primary is
tuned to 2f,, an oscilloscope con-
nected across the primary tank

shows the magnitude of the second-

harmonic voltage is greater than the
voltage of the fundamental fre-
quency. This is explainable from a

viewpoint of a frequency-selective
load,

Farither Invesitigation

Further investigation of these dips
in de output was made by driving
the r-f circuit of the power supply as
a class-C amplifier from a separate
class-C oscillator. This was done by
disconnecting the tickler coil and
introducing r-i directly to the grids
of the type 815 tube and an adjust-
able bias arranged to similate
normal operation of the oscillator.
Output characteristics then were ob-
tained by tuning C;,, for maximum
output after making small changes
in the driving frequency, The out-
put characteristics of the power
supply were found to be quite simi-
lar, including second and third har-
monic dips, to those obtained with
the r-f circuit connected normally.

An oscillator which obtains feed-
back voltage from the primary tank
instead of the secondary can produce
poor power-supply starting charac-
teristics. This is due to 4 tendency
for oscillations to build up at a fre-
quency determined by the primary
tank constants alone. When this
occurs secondary loading is negli-
gible and so is secondary output. To
avoid this difficulty, the tickler coil
must be coupled much more tightly
to the secondary than to the pri-
mary. The oscillator grid-bias resis-
tor should be kept small so that only
the secondary tank circuit can pro-
vide sufficient feedback voltage to
sustain oscillation.

1. R. S. Mautner and O. H. Schade, “Tele-

vision High Voltage R-F Supplies,” RCA Re-
view, vol. VIII, no. 1, p. 43.

2. G. W. C, Mathers, “Some Additions to
the Theory of Radio-Frequency High Voltage
Supplies,” Proc. IRE, vol, 37, no. 2, p. 199.
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National Laminated Plastics

notionally known—nationally accepted

The Kyle Automatic Oil Cir-
cuit Recloser utilizes stringers
made of Phenolite tubing,anda
postformed Phenolite contact
frame. Kyle selected Phenolite
because il is a superior insulat-
ing material with great me-
chanical strength and is unaf-
fected by oil.

contributes to an improved product—

in the Kyle Avtomatic Oil Circuit Recloser

This practical use of Phenolite by the Kyle Products Plant of the
Line Material Company is typical of its countless applications
in the electrical field. Phenolite, about one-half the weight of alum-
inum, is the perfect insulating material for high and low voltage
applications. It possesses an unusual combination of properties.
Phenolite has great mechanical strength and high resistance to mois-
ture; ready machinability; is unaffected by solvents and oils.

It can be easily punched, sawed and sheared. The toughness and
high impact strength of cloth base Phenolite sheet make it suitable for
gears; it is one of the strongest materials per unit weight known.

Available in various grades and colors; and in sheets, rods, tubes
and special shapes. Write for detailed literature and engineering
information—

NATIONAL VULCANIZED FIBRE CO.
Wilmington /,—\ Delaware

¥

Offices in Principal Cities

. o ince 18
wWww americanradiohistory com Since 1873
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ANALOG CORRELATOR

(Continued from page 72)

turn will trigger stage 2. Resetting
of stage 4 by the fiith pulse will trig-
ger stage 0 and the cycle will be re-
peated.

The output from each stage as it is
reset triggers a blocking oscillator
in each channel which provides the
sampling pulse output for that
channel.

B. Sampling Circuit: The sampling
eircuit® is designed to sample the in-
put signal accurately during a 0.2
usec period and to store the result-
ing value for 5000 psec with less than
1% decay. This has been achieved by
the circuit of Fig. 6.

The grid of the sampling tube
(both sections of a type 5687 in
parallel) is held cut off except dur-
ing the occurrence of the 0.2-usec
sampling pulse, when the grid is
driven positive. During this period
the resistance offered by the tube is
low enough to allow the cathode fol-
lower to charge the sampling capaci-
tor to the voltage of the input signal.
The sampling capacitor is charged
through a 6ALS diode because it has
been found that this arrangement
greatly reduces the leakage of the
sampling capacitor to ground. The

R

’ € . €q ] OUTPUT

[1=)]

Fig. 7: {A) Basic RC integrator circuit and
(B) integrator with amp and summing circuit

major factor responsible for this re-
duction is the larger cathode to
heater resistance of the 6AL5 com-
pared with the 5687.

To preserve the sample voltage it
is necessary to charge a larger stor-
age capacitor by means of a pulse
stretching circuit. Two cathode fol-
lowers in cascade are necessary in
the pulse stretching circuit to pre-
vent grid current flow from dis-
charging the sampling capacitor. The
resulting circuit then meets the re-
quired storage time specifications.

After the sample value has been
used by the multiplying circuits, it is
necessary to discharge the capacitors
to prepare for obtaining the next

120

sample. This is accomplished by con-
necting the ungrounded side of each
capacitor to the plate of one section
of a 12AUT7 triode. The grids of these
discharge tubes are held cut off ex-
cept when it is desired to discharge
the sampler. Then the grids are
driven positive by a pulse for 30 usec
and the capacitors discharge through
the low tube resistance to ground.
The grids of the discharge tubes are
then cut off and the circuit is ready
to obtain the next sample.

C. Multiplier: Multiplication is

Fig. 8: Autocorrelation functions of 6D4 gas
tube noise passed through low-pass RC filter

performed in each B-channel by
modulating the amplitude of a rec-
tangular pulse in proportion to the
value of the A-channel sample, while
the width of the pulse is modulated
in proportion to the B-channel sam-
ple. The area of the pulse is then pro-
portional to the product of the sam-
ple values plus a constant which is
later subtracted. Integration of these
pulses provides an output voltage
proportional to the value of the de-
sired point of the correlation func-
tion.

D. Integrator: A bootstrap type
integrator circuit was developed to
provide the long-time constant, free-
dom from drift and wide bandwidth
necessary for accurate operation of
this correlator. The theory of opera-
tion of this circuit is discussed in
reference 6 where it is shown that if
an amplifier having a gain K of
nearly unity is supplied across the
resistor of an RC integrating circuit,
the resultant time constant is ap-
proximately RC/(1-K).

The operation of this circuit can be
explained briefly as follows: The
simple RC circuit of Fig. 7T(A) would
function as an integrator if its time
constant could be made long enough.
This cannot be done in practice since
for accurate correlation a time con-
stant of at least 200 seconds is re-
quired, whereas the maximum RC
product realizable economically is
about five seconds. The effect of hav-
ing too small a time constant can be
thought of in the following manner:
As positive pulses are integrated, the
voltage across the capacitor increases
and effectively subtracts from the
true voltage of the pulses. In addi-
tion, as the voltage across the capaci-

{&)

By

Fig. 9: Autocorrelations of (A} male and (B)
female speech covering high frequency compo-
nents show same general shape for same voice

tor increases the capacitor tends to
discharge through the resistor R and
the source resistance. These effects
could be removed if the voltage level
of the pulses at the input terminal of
the integrator could be raised by the
same amount as the output voltage
across the capacitor. Then the effec-
tive voltage across resistor R would
be the voltage of the input pulses,
as it should be. This can be done with
a unity gain amplifier and a sum-
ming circuit as indicated in Fig.
7(B). Since pulses are heing inte-
grated this summing can be effec-
tively accomplished by using a diode
clamping circuit. The RC time con-
stant is entirely adequate to inte-
grate accurately one individual pulse
which averages only 200 microsec-
onds in length. When the pulse ends,
the clamping circuit makes E, equal
to E,. This raises the input voltage
level by the required amount.

Unity Gain Amplifier

The unity gain amplifier is realized
by comparing E, and E, and using
the difference as the input to a high
gain, direct-coupled amplifier. The
output of the amplifier is connected
with the proper polarity to reduce
this difference. This arrangement is
equivalent to a high gain amplifier
with unity-negative feedback. The
resultant circuit has a gain of nearly
unity when K is large. In this cor-
relator an RC product of approxi-
mately 1 megohm times 1 uf is em-
ployed together with an amplifier
gain of about 0.995 providing an
overall time constant of 200 seconds.

It should be noted that this circuit
is much less subject to drift than the
conventional means of multiplying
RC products with a Miller integra-
tor. The reason is that the Miller
circuit requires a high gain direct-
coupled amplifier which does not
have direct-coupled negative feed-

(Continued on page 123)
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back. The high-gain amplifier asso-
ciated with this bootstrap circuit
does have direct-coupled negative
feedback which reduces its gain to J

i Ry
%§@%§%ﬁ N FE ¥

iR 's@%dwu?sm'é’ws SR

approximately unity. The resulting
circuit is much less subject to drift

at its output than the high-gain am- )
plifier associated with the Miller E s T H E CR ET
integrator. '

E. Display Circuit: During the dis-
play period the output voltage of
each integrator appears in the form
of a vertical spot displacemant above
a haseline on the face of a cathode-
ray tube$. These displays are photo-
graphed with a Polaroid Land cam-
era if a permanent record is desived.

To obtain this display, a conven-
tional, continuous sawtooth sweep is
applied to the horizontal plates of the
CRT. At each of five points along the
sweep the output voltage of cne of
the B-channel integrators appears as
a vertical spot displacement. This re-
quires a switching circuit to connect
the output of each integrator in turn
to the vertical deflecticn system of
the CRT at the time when the CRT
beam is in the position corresponding

... of a NEW
wire-mesh isolator
that won’t change
2 on the job!

Fig. 10: Autocorrelation functions of music
{Mozart E Flat Piano Concerio, end 3rd move.|

to that integrator. A mechanical

switching circuit was tried, but an The new Type 7630 and Type 7640 ALL-METL Barrymounts
electronic system was found to be have been specifically designed to eliminate loss of efficiency due to
more reliable, damper packing. Previous wire-mesh unit vibration isolators ex-
This switching circuit contains a hibited a definite loss of damping efficiency after a period in actual
five-stage, ring-chain counter, each service, because the wire-mesh damper tended to pack. These new
cycle of which is started in synchro- unit Barrymounts have eliminated this difficulty, because the load-
nism with the horizontal sweep. bearing spring returns the damper to its normal position on
Each of the five output pulses cpens every cycle,
briefly, in turn, one of five gate cir- ® Very light weight — helps you reduce the weight of

cuits. The input of each gate is con-
nected to a B-channel integrator;
the outputs are tied to a common
wire. The waveform upon this com-
mon wire appears as a group of five
rectangular  pulses of varying

mounted equipment.

® Hex top — simplifies your installation problems.

® Hich isolation efficiency — meets latest government
specifications (JAN-C-172A, etc.) — gives your equip-
ment maximum protection.

heights. An ac amplifier with suit- ® Ruggedized — to meet the shock-test requirements of
able clamping circuits applies this military specifications.

waveform to the vertical deflection ® Operates over a wide range of temperatures — ideal for
plates of the cathode-ray tube. guided-missile or jet installations.

A multichannel correlator such as

. ' re th unit isolators with any others — by makin
this is especially valuable for investi- Compare these unit i ¥ y g

: - . . tests, or on the basis of full details contained in Barry
ating nonstationar t : your 0‘7"“ N . :
%hati those time s;ﬂesux?zio;:zlf;_’ Product Bulletin 531. Your free copy will be mailed on request.

tistical characteristics change with See these new isolators in action, and discuss their applications
time. With a single channel correla- with us, at the New York LR.E. Show.

tor, which computes only one point
on the curve at a time, each point is
obtained under different conditions.
The five-channel correlator obtains
an entire group of five points at one
time. By obtaining successive corre- !

i

'*ﬁﬂ.’ss nimesgﬁ?&ﬁ'gs N
Cleveland

lation functions of a nonstationary Dallas Dayton Dsfw*‘i J-M%W*'i’z"“‘“@ "";l .
time series, the manner in which the ”I.nu%é %ﬁi"" .
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e
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PRINTED CIRCUITRY
Formica copper-clad lami-
nates make intricate elec-
trical assemblies smaller,
lighter, more reliable.

FF-33 fibreglass fabric
grade impregnated
with arc-resistant resin
for excellent low loss
electrical properties,
dimensional stability
and long, dependable
service at high tem-
peratures.

MF-4) fibreglass mat
grade impregnated
with melamine resin
for electrical applica-
tions requiring high
flame resistance and
relatively high arc
resistance.

FOR FAST FACTS ... CLIP COUPON

The Formica Co.
4644 Spring Grove Ave.
Cincinnati 32, Ohijo

Send us

information immediately on

[ Printed circuits

{0 FF-33

Name

0 MF-41

Address

— AT A NEW LOW PRICE

the ELECTRONIC
ENGINEERING
HANDBOOK

. . . authoritative
. . . standard
. . . complete
. . . clear
. . . concise
. . . practical
456 pages :
—over 260
illustrations

Reissued at Your Request

Yes, because of the demand of engineers everywhere, THE
ELECTRONIC ENGINEERING HANDBOOK—the standard reference in the
field—is once again available . . . and at a truly economical price!

THE ELECTRONIC ENGINEERING HANDBOOK is regarded by many
engineers as the most complete, wuthoritative, and useful book
on electronic tubes and their applications ever published. It
contains 560 charts, diagrams, and tables . . . more than 260
illustrations . . . and 456 pages jom-packed with facts-
and-figures for ddy-in and day-out use.

What's more, THE ELECTRONIC ENGINEERING HANDBOOK is practical
.. . placing special emphasis on industrial applications. The text
is clear, concise . . . written in a language anyone can understand—
and there’s no reliance on involved mathematics. This handhook

is a must for engineers, plant managers, production heads,
executives—for everyone in the field from the electronic specialist
to the student.

Read This List of Contents!

Electronic Circuit Fundamentals
Principles of Rectification
Principles of Amplification
Low Frequency Amplifiers

Vatuum Tube Fundamentals
Electronic Principles
Frinclples of Diodes
Principles of Multi-Element

Tubes High Frequency Amplifiers
Principles of Photo-electric Principles of Oscillators
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Special Purpose Tubes

Materials in Tube Construction

Vacuum Tubes as Circuit
Elements
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Relaxation Oscillators

Photo-electric Circuits
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Electronic Applications Vacuum Tube Data

High Frequency Heating Electronic Tube Deta and
Industrial Sound Systems Tables
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For the CALDWELL-CLEMENTS, INC.
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Send me The Electronic Engineering Handbook at the |
You Want— new low prico of $3.00. If not safisfied | will retorn |
When the book within ten days, otherwise | will remit the |
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correlation function is changing is
indicated.

Figs. 8-10 show how the correla-
tion functions of certain time series
do vary. Each figure shows several
correlation functions obtained from
the same time series at different
times. The first group of five points
along the curve is shown in each in-
stance. The data was obtained for
the following conditions:

Value of 7 increases from left
to right

At=400 psec

Number of sample pairs—=4,000

Time interval covered by each
curve equals 8 seconds

Time between successive curves
equals about 20 seconds

In each case the input was passed
through a clipper to make certain
that large peaks did not cause large
errors by overloading the multipliers.
The clipping was slight, and it was
verified by listening to the output of
the clipper through headphones that
the actual sound was not more than
slightly affected.

The curves obtained for gas tube
noise (Fig. 8) show very little dif-
ference among themselves. This is
to be expected since there is no ap-
parent reason for the output of the
noise generator to be nonstationary
over the short interval of time dur-
ing which the curves were obtained.
The slight fluctuations that do occur
are probably random fluctuations
(sampling noise) caused by the lim-
ited number of sample pairs taken.

Since these curves have a maxi-
mum 7 value of only 1.6 milliseconds,
the curves obtained for speech (Fig.
9) cover only the high frequency
components. Successive curves differ
noticeably, yet all have the same
general shape for the same voice.

Fig. 10 shows curves that have
been obtained for music. Here the
rapidly varying character of the time
series is clearly evident.

Appreciation is expressed to Professor
Y. W. Lee for suggesting the construction of
the Ave-channel correlator and to H. Levick,
F. L. Petree and D. E, Ullery for their con-
tributions to this work.

This work has been supported in part by
the Signal Corps, the Air Materiel Command,
and the Office of Naval Research.
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New RCA-G181 power tetrode
used in RCA 1-Kw UHTF television
transmitter type TTU-1B.

T

‘New UHF Stations

M)

‘with the RCA-618)

UHTF rteievision is now a reality!
And the RCA-6181 power tetrodeis
playing a vital role in new :station
operations.

Many features have been incor-
porated in this new tube which pro-
vide importantoperating advantages.
Theuse of forced-air cooling permits
substantial operatingeconomaies:
ceramic bushings are used between

terminals to reduce power loss. The

-coaxial-electrode structure of the’

6181 is designed especially for use
with high-power circuits of the
coaxial-cylinder cavity type; its in-
directly heated, low-temperature,
coated cathode assures long service-
ability.

Specify RCA when you need tubes
for replacement.

RADIO CORPORATION of AMERICA

%3;’*:‘_1:—“# ELECTRON TUBES
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FREQUENCY FEEDBACK

(Continued from page 93)

Because the biasing permeativity
(u,e)g corresponds to the center
points of the various chords, the re-
lationship between (u,2)p and the
amplitudes of the polarizing field be-
comes evident as a result of flux
rectification.

Although this philosophy may not
be fully conclusive, the illustrated
phenomena reveal the relationship
between dynamic permeativity on
one hand and bias as well as super-
imposéd ac polarization on the other
hand. At any rate, the dynamic per-
meativity manifests itself in equiva-
lent changes of the dynamic induct-
ance ol an iron-cored coil and the
dynamic capacitance of a ferroelec-
tric condenser, respectively. In fact,
variations as large as 10:1 have
been measured for inductors with
Ferramic cores and as large as 4:1
for barium strontium titanate ca-
pacitors, whereby the lower ratio of
the capacitor must be attributed to
breakdown voltage, dielectric losses,
and temperature effects.

If we now turn back to frequency
feedback, we may easily see that the
relationship between dynamic re-
actance and r-f amplitude takes the
place of the feedback line in Fig. 2.
Hence, the resonance curves of a
nonharmonic resonant system are
unsymmetrically deformed in the
same manner as when caused by an
external feedback channel. This has
been corroborated by numerous ex-
periments which evidenced the non-
harmonic resonance curves depicted
in Fig. 7 and produced by a non-
linear coil (a) as well as a barium
strontium titanate capacitor (b), ex-
cept that the limited dielectric

strength of the latter prevents the
instability.

Instead of oscillographing the non-
harmonic resonance characteristics
with the aid of a sweep generator, it
is also possible to sweep the test cir-
cuit by means of its nonlinear react-
ance. As shown in the diagram of
Fig. 8 a sweep voltage is impressed
upon the ferroelectric capacitor and,
at the same time, provides the X-de-
flection of the oscilloscope. The two
oscillograms shown in Fig. 9 illus-
trate the resonance shifting with in-
creasing r-f excitation from oscillo-
gram (a) to oscillogram (b), in
other words: The tank circuit is re-
tuned by a higher biasing voltage.

Nonharmonic Resonance

A resonant system also becomes
nonharmonic if it contains a non-
linear resistor such as a crystal
diode, a Thyrite, or a Polaristor,*
provided it operates in combination
with a fixed reactance. For this pur-
pose) the nonlinear resistor forms
part of a network, the simplest cir-
cuit containing both in series. The
resulting RX-modulators have been
utilized for FM? but, at the same
time, make a resonant system non-
harmonic.

Fig. 10(a) shows the nonlinear re-
sistor Ry in series with the constant
reactance X, paralleling the shaded
tank circuit. If we convert the series
network into the equivalent parallel
network shown in Fig. 10(b) where-
in the equivalent reactance X, and
the equivalent damping resistor R,
shunt the tank circuit, the nonlinear-
ity of Rg is transformed into X, so

Fig. 7: Nonharmonic¢ resonance due to saturable reactor (a) and nonlinear ¢apacitor {b}
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Fig. 6: Various hysteresis loops caused by
using different ac and bios polarizations

that the RX-modulator is equivalent
to a nonlinear reactance.

Whereas FM is produced by con-
trolling the series resistor by means
of an external modulating voltage,
nonharmonic resonance occurs un-
der the influence of r-f in that the
dynamic resistance is altered. Let
the nonlinear resistor be character-
ized by the symmetrical I-V charac-
teristic I .= =KV ? depicted in Fig.
11(a). If we recall the dynamic per-
meativity, the dynamic resistance
may be set equal to the inverse slope
of the dashed chord

Ry = 1/KV, (5)

where V, denotes the peak value of
the r-f voltage across Rg. By means
of this analogy, it can easily be seen
that the dynamic resistance de-
creases with increasing r-f ampli-
tudes as iliustrated in Fig. 11(b).

RX-Modulator

The frequency feedback caused by
an RX-modulator may be explained
by a first order analysis. Let the
series reactance X, be a capacitance
1/wC,. The voltage drop V, then fol-
lows from the r-f voltage V~ in-
duced in the tank circuit as

V., = Vo /A/1+PV,2 (6a)
where P — (K/wC,?). The equation
has the solution

V.2 = (\/1+4PV2e —1)/2P (6b)

Ndw, the series combination must
Le converted into the equivalent
(Continued on page 128)
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FREQUENCY FEEDBACK

parallel network. Setting both ad-
mittances egqual

1 [

———— = — tjuly ()
Rd +1/; w Cs 1{p
giveg '
C,
Cp = {7a)
I +(«CRyg)?
and

1
R, = Ry [1 — ———] (7b)
<WCst)2

If we introduce Egs. (5) and (6b),
both formulas assume the forms

V144PVeie —1
C,=C,———— (8a)
A 144PVae 1

V4PV 1
Ry=———————_ (8b)

V26Co V/A/T 4PV 1

Fig. 8: Schematic of an arrangement for moking
oscillograph curves of nonharmonic resonance

Fig. 9: Curves made by circuit shown in Fig. 8

- @ o |
200 300 400voits
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(Continued from page 126)

Finally, we evaluate the detuning
of the nonharmonic tank circuit by
meaans of

C |

€
E

- — )
Co V1 +C,/C
-C. /1 42PVie —/144PVee
- C. .
(1+6)+\/1+4PV2~

g4l

Wo w

142PVee

The accuracy of Eq. (9) has been
checked by the investigation of a
test circuit shunted by an RX-modu-
lator with C, = 2,400 uuf; C, = 1,000
ppf; w, = 1.27+ 10° whereas two ger-
manium diodes in back-to-back con-
nection are characterized by K=
10-2. The solid characteristic in Fig.
12 shows the measured detuning
versus increasing r-f excitation. The
dashed curve is evaluated and agrees
with the experiment as well as can
be expected. The sensitive diodes
produce a strong frequency feed-
back: An induced voltage as low as
0.4 volts approaches the short-circuit
detuning x, = —0.35 for R;— 0.

Eq. (8b) shows that the equiva-
lent parallel resistor R, becomes in-
finitely high for R;,=0 as well as
eo because both extremes cause no
additional damping. Between these
extremes, R, passes a minimum. This
is corroborated by the dotted char-
acteristic in Fig. 12 disclosing the

quality factor /Q. At low r-f excita-
tion, @ decreases rapidly from its
initial value @, = 86 and, after pass-
ing a minimum of only 35, increases
again and asymptotically approaches
Q,. Such a heavy damping can be
avoided by smaller capacitors C, or
less sensitive resistors at the ex-
pense of detuning sensitivity.

¥mpedance of Nonharmonic
Sysiems

Up to now, the result of frequency
feedback has been discussed at
varying frequencies with the driving
power as parameter. The philosophy
of frequency feedback, however, is
not complete as long as we do not
change the parameters, in other
words: The nonharmonic system is
excited at a constant generator fre-
quency and fed by the r-f current I~
with the constant frequency wgep.
A preresistor r in Fig. 13(a) stabil-
izes the feeding current and may
represent the internal impedance of
the generator.

Let the dynamic capacity be re-
lated with the induced voltage V~
by the formula

C.l:Ch(l — A V"‘) (10)

Fig. 10: RX-modulator [a) and equivalent (b}

|
T
@/

Rd

1-V characteristic of nonlinear re-
resistance characteristic (b}

Fig. 11:
sistor (a) and

where C, is the bias capacity and A
the dynamic sensitivity taking care
of the change in incremental per-
mittivity as well as of the ferroelec-
tric rectification at given conditions
of operation. The admittance of the

tank circuit then beccmes (11a)
|
G = | wgen Cp, (1 =AVL) — —— |
wgen L
After introducing the resonant

frequency wy = 1/+/IC, and after
several rearrangements it assumes

the form (11h)
C'b Wgen wp

G = — (1-AV~) — —1.
L Wi Wgen

The formula reveals as a function of
the induced r-f voltage at constant
frequencies, Consequently, the driv-
ing current I~ and the induced volt-

age V~ are related by (12)
I~ =V~ G
Ch Wgen Wh
=Va\/ — (1—AV~) ~ —
L | ws Ween

with the frequency ratio as param-
eter.

The simplest condition of opera- -

(Continued on page 132)
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ZIMAC '

4-125A

The radial-beam power
tetrode that made trans-
mitcing screen-grid
tubes popular, This
tube will take a plate
input of 500 wartes for

CW or 380 watts for -

fone, Driving power is
less than rwo watts. A
pair of these tetrodes
make an ideal high
power fone or CW fi-
nal for the amateur.

4507

Ofren referred to asthe
workhorse of modern
communication Sys-
tems, this dependable
triode has a plare dis-
sipation rating of 430
watts. It is widely used
as an amplifier, oscil-
lator or modulator,

VVv(60-20

‘This is but one type in
the Eimac line of vari-
able and fixed vacuum
capaciters for plate
rank circuits. It is vari-
able over a range of 10
mmifd to 60 mmfd.
Maximum cf voltage 1s
20 kv. at 40 amperes.

www americanradiohistorv com

4X150A

This small external
anode radial-beam
power tetrode operates
efficiently ag all fre-
quencies into the UHF
range with a driving
power of only a few
watts. Its small size and
ruggedness make it
ideal for <compact
equipment such as mao-
bile.

3K20000L
(A-F-K)

These Klystrons, the
fatest development in
UHF television trans-
mitting, have a power
output of 5000 warts.
‘The three versions of
the Klystron will cover
the entire UHF range
—470-890 mc. These
water and air cooled
Klystrons have a power
gain of 20 db.

20394

This small, rugged tri-
ode is designed for use
as a power amplifier,
oscillator or frequency
multiplier to frequen-
cres above 2500 mc. It
is particularly suirable
for compact fixed or
mobile equipment.

® Complete technical data
available on request.
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onsistently

There’s a C-D for every known interference probklem! Did you
know that C-D makes and sells more interference filters than any one else?
Chances are the solution to your filter problem is already waiting for you
in our files. If we don't have the answer, we'll find it for you, Write for cata-
log to: Dept. I-33. Cornell-Dubilier Electric Corporation, General Offices,
South Plainfield, New Jersey.

CORNELL-DUBILIER

world’s largest manvfacturers of filters

= ‘ -

CONVERTERS

ANTENNAS ROTATORS CAPACITORS YIBRATORS

SOUTH PLAINFIELD, NEW JERSEY « NEW BEDFORD, WORCESTER AND CAMBRIDGE, MASSACHUSETTS »« PROVIDENCE, RHODE ISLAND
INDIANAPOLIS, INDIANA « FUQUAY SPRINGS, NORTH CAROLINA < SUBSIDIARY, THE RADIART CORFORATION, CLEVELAND, OHIO

tion is characterized by wg, = w,
which means the tank circuit, at
low r-f excitation, is in resonance
with the generator frequency. The
driving current then increases pro-
portionally to the second power of
V~. For ©,, > o, however, the
VYV~ characteristic shown in
Fig. 13 (b) is obtained. The negative
slope shows a negative impedance
resulting from the fact that the fre-
quency feedback causes the tank
circuit to run into resonance. At
resonance, the current passes a
minimum at a critical excitation

1 wp \2
Veie =— | 1 — (—— . (13)
A m!en

When this critical value is exceeded,
the tank ecircuit runs out of reso-
nance and the I~ — V~ curve ap-
proaches a parabola.

o —

Negative Impedance

The negative impedance is not te
be confused with a negative re-
sistance because it is confined to
rms values of currents and voltages
but the sign does not denote an in-
ductive or capacitive component.
Another implication is the im-
portant fact that a negative im-
pedance cannot convert dc energy
into ac energy as does a negative
resistance. On the other hand, a
negative impedance, in combination
with a fixed preresistor, becomes
bistable as illustrated in Fig. 13 (b).

X YQ
-4 ' 10
IS A S N N B
-3 AfiErs _—-x—:’ == —$.5
' - -
\‘ /)/”X
: cale
ﬁa l\ / — 5
| //
W/ Q== -
. // e e 2.5
Vo
// X mif )
Vv
0 2 4 € .8 i res
volts

Fig. 12: Detuning and quality factors of a
nonharmonic circuit vs. resonant voltage

Only in this respect, a negative im-
pedance cannot convert dec energy
alent to a negative resistance, The
nonlinear I~ — V~ characteristic is
intersected by the dashed loadline
having the slope 1/r and originating
at the generator voltage V.. Only
the two points O’ and O” of inter-
section are stable so that the driv-
ing current, under the influence of
fluctuating generator voltages, jumps
between the values I' and I”. The
similarity between a negative im-
pedance and a negative resistance,
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both in series with a constant re-
sistor, is obvious. Hence we may
say that the concept of a negative
resistance is transferred from the
field of dc into the ac field.

Practical Applicaiions

Although the purpose of this
paper is the explanation of the basic
problem of frequency feedback
rather than the description of prac-

N
wgen Veen c V L
V ~y
B,
®
1
"]
I
== Vo
Vgen

Fig. 13: Excited nonharmonic tank cirewit {a)
aand the asseciated I—-V~— characteristic (b)

tical applications, some examples
may be given.

The simplest application is the
conversion of AM into FM. For this
purpose, the tank circuit of an oscil-
lator is made nonharmonic by pro-
viding it with an iron=-cored coil. 2
ferroelectric capacitor, or an RX-
modulator. As soon as the amplitude
of such an nonharmonic oscillator is
modulated in any conventional way,
the AM is accompanied by FM.
This phenomenon may be utilized
for neutralizing the parasitic FM of
signal generators. Experiments have
shown that a one per cent AM of
10 mMc carrier frequency produces a
frequency swing of 2 K¢ without un-
reasonable damping.

Freqgquency Shift Reception

Another examnple makes use of the
opposite effect for the conversion of
FM into AM for frequency-shift
reception. Frequency-shift keyed
transmission alternates between two
discrete frequencies termed mark
and space, respectively. The re-
ceiver is tuned to the transmitter’s
center frequency, often termed the
phantom carrier. The discriminator

(Continued on page 134)
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For the most effective solution

MOST ECONOMICAL

THERMOSTATIC

DELAY

¢ Actuated by o heater, they operate on
Pulsating Current.

or other climate changes.

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

Amperite Thermostatic Delay Relays
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
compact, rugged, explosion-proof,
Jong-lived, and—very inexpensive!

TYPES: Standard Radio Qctal, and 9-Pin

STANDARD

. l SIMPLEST, MOST COMPACT

o I‘V}[mt is your Delay or Regulating Problem?

use the

| HERMETICALLY SEALED

. Provide delays ranging from 2 to 120 seconds.

A.C., D.C., or

@ Hermetically sealed. Not affected by altitude, moisture,

MINIATURE

Miniature.

PROBLEM? Send for Bulletin No. TR-81

most inexpensive.

BALLAST-REGULATORS

o Amperite Reqgulators 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 5 amps. Operates
on A.C., D.C., or Pulsating Current.

o Hermetically sealed, light, compact, and

[5] ¥
0130 %
= ﬂ MAX
2
Q120
S e Phgystiiy
o "
@40 + 15300
= VOLTAGE OF 24V ' WITH AMPERITE Max
: BATTERY & CHARGER: VOLTAGE VARIES —L

VARIES APPROX | ONLY ” 5

0% : 2
1
7° ' 70 TEEL 5
19 BULE _ Maximum Wattage Dissipation: T6%2L—5W. T9—I10W.

Write for 4-page Technical Bulletin

_ Amsmrs CO., Inc. 561 Broadway, New York
L Canada: Atlas Radio Corp., Ltd., 560 King St., W,, Tor
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Amperite Requlators are the simplest, most effective method
for obtaining eutomatic 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.

No. AB-51

12,N.Y.
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HEPPNER
“GUARANTEED COUNT” ELECTRO-DYNAMIC

speakers

With EXCLUSIVE ‘“No-Rub’ Voice Coil
ABSOLUTE UNIFORMITi’ TO YOUR SPECIFICATIONS BECAUSE:

@ EACH FIELD COIL GUARANTEED TO CONTAIN GIVEN NUMBER OF
TURNS within standard tolerance. Quality fully controlled
because all coils are wound by Heppner. No wire-stretching
or other quality-reducing shortcuts. Resistance and wire
size to your exact specifications.

@ THE EXCLUSIVE HEPPNER PERFECTLY ROUND ‘“NO-RUB"’ VOICE
COIL is now available in Electro-Dynamic Speakers. This
coil is installed perfectly round by means of a Heppner
developed process which eliminates all egg-shaped coils
which cause rubs.

Electro-Dynamic Speakers are available with or without
bucking coils, transformers, plugs and/or brackets to your
specifications.
Engineered for efficiency and fine acoustical performance.
Exceptionally thorough final inspection.

Write for
further information today.

Available in 3", 4", 5", 614",
10", 12" sizes.

HEPPNER |.....

James C. Muggleworth

MANUFACTURING COMPANY 506 Richey Ave., W., Collingswood, N. J,
Round Lake, Hlinois (50 Mites Northwest of Chicago) Ralph Haffey
Phone: 6-2161 2417 Kenwoed Ave,, Ft. Wayne 3, Indiana
SPECIALISTS IN ELECTRQO-MAGNETIC DEVICES Irv. M. Cochrane Co,

408 So. Alvarado St., Los Angeles, California

of the frequency-shift receiver then
is driven by the output of the lim-
iter stage and comprises two non-
harmonic tank circuits which per-
form minute tuning loops on both
sides of the phantom carrier. For
this purpose, one of the discrimina-
tor’s tank circuits shown in Fig. 14
(a) contains a ferrcelectric capaci-
tor and the other an iron-cored coil.
Their r-f voltages are rectified by
two detectors which produce the

T LIMITER
IF

AMPLIFIER

1
l
I
|
l
|
'
}
!
e
|

1

1

fa

PHANTOM CARRIER

Fig, T4: Nonharmonic discriminator for fre-
quency-shift reception (a) and tuning loops (b)

output voltage across a common
load resistor. As a result, the output
voltage versus transmitter fre-
quency follows the curve shown in
Fig. 14 (b). Mark and space pro-
duce equal potentials of opposite
polarity.

A third example of application is
a flip-flop gating device adapted to
a parallel-gated binary-computing
system and based on the explained
bistability. Such a trigger device—
which differs from the described
circuitry only by series resonance
circuits instead of parallel circuits—
has been described previously.?

The description of additional ap-
plications is beyond the scope of this
paper. Following the developed
principle, the expert may develop
other applications according to his
own requirements.

REFERENCES

1) H. E. Hollmann, “Polaresistivity and Polaris-
i%rg.,z” Proc. IRE, vol. 40, pp. 538-545; May,

2y H. E. Hollmann, “Nonlinear FElements and
Some Applications in AF and RF Circuits,”
Proc. Nat. E. Conf., wvol. 7, pp. 130-140;
Feb., 1952; Tele-Teck, Apr. ’52.

3) C. Isborn, “Ferroresonant Flip-Flops,” Elec-
tronics, vol. 25, pp. 121-123; Apr. ’52.

4) H.E. Hollmann, “Dielectric & Semiconductive
Suspensions,” Tele-Tech, Sept. ’52.
This paper was first presented at the Natienal

Electronics Conference held in Chicago, Sept. 29-

Oct. 1, 1952

134 TELE-TECH & ELECTRONIC INDUSTRIES * March 1953

www americanradiohistorv com


www.americanradiohistory.com

IRE Program

(Continued from page 77)

INSTRUMENTATION  1(—SYMPOSIUM: TRANSISTOR
MEASUREMENTS

“Transistor Metrology”’—D. A. Alsherg, Bell
Tel. Labs.

“Measurement of Transistor Parameters by
CRO and Other Methods”—W. E. Mor-
row, Jr., MIT.

“Transistor Static Characteristics Obtained
by Pulse Technigues”—D. R. Fewer, Bell

__Tel. Labs.

“Bridges for Measuring Junction Transistor
Admitiance Parameters”—I. J. Giacoletto,
RCA Labs.

“A Transistor Alpha Sweeper’”’—H. G. Fol-
lingstad, Bell Tel. Labs.

“Rapid Tracing of Transistor Clharacteristics
by Oscillographic Methods'—V. Mathis,
General Electric.

SIGNIFICANT TRENDS IN AIRBORNE EQUIPMENT

“Sonie Systems Considerations in Flight
Control Servomechanism Design”—R. J,
Bibbero and R. Grandgent, Republic
Aviation.

“Faired-In ADF Antennas’—I.. E. Raburn,
_Electronics Research,

“Magnetic Amplifiers for Airborne Applica-
tions”—J. K. McKendry, General Pre-
cision Labs.

“Aireraft Electrical Power’—J. C. Dieffen-
derfer and G. W. Sherman, Wright Air
Development Center.

“The Effects of FElecironic Equipment
Standardization on Airecraft Performance’
G. C. Sumner, Consolidated Vultee.

ANTENNAS 111—PROPAGATION

“Notes on Propagation”—IL.. A, Byam, Jr.
Western Union.

“Trepospheric Propagation in Horizontally
Stratified Media over Rough Terrain’—
H. M. Swarm, R. N. Ghose, G. H. Keitel.
U. of Washington.

“Radie Wave Scattering in Tropospheric
Propagation’—J. W, Herbstreit, K. A. Nor-
ton, P. L. Rice and G. E. Schafer, National
Bureau of Standards.

“Extended-Range Radio Transmission by
Oblique Reflection from Meteoric Ioniza-
tion”’—0Q. G. Villard, Jr., A. M. Peterson,
L. A. Manning and Von R. Eshleman,
Stanford U.

“An Interprefation of Vertical Incidence
Equivalent Height versus Time Recordings
on 156 Ke/s”—R. Lindquist, Pennsylvania
State College.

CIRCUITS 1I—TIME DOMAIN NETWORKS—DELAY
LINES

“Continuously Variable Délay Line”’—C.
Berkely, Du Mont Labs.

“General Transmission Theory of Distrib-
uted Helical Delay Lines with Bridging
Capacitance”—NM. J. DiToro., Du Mont

abs.

“Distributed Constant Delay Lines with
Characteristic Impedances Higher Than
300¢ Ohms”—W. S. Carley, U. 8. Naval
Ordnance Lab.

“Helical Winding Exponential-Line Pulse
Transformers for Millimicrosecond Serv-
ice”’—J. Kukel and E. M. Williams, Car-
negie Institute of Technology.

“Time Domain Approximation by Use of
Pac}f Approximants”’—R. D. Teasdale,

“Freqdency Transients in Idealized Lineax
Systems”—B. Gold, Hughes Aircraft.

ELECTRON DEVICES I—TRANSISTORS

“The Negative Resistance Diode”’—I. A. Lesk
and V. P. Mathis, General Electric.

‘“Reliability of Transistors”—W. R. Sittner
and R. M. Ryder, Bell Tel. Labs.

“Characteristics of the M-1768 Transistor”’—
L. B. Valdes, Bell Tel. Labs.

‘“Development High Frequency Alloy Tran-
sistors”—C. W. Mueller and J. I. Pankove,
RCA Labs.

“Behavior of Germanium Junction Tran-
sistors at Elevated Temperatares and
Power Transistors BPesign”—L. D. Arm-
strong, RCA Labs.

INSTRUMENTATION 111—ELECTRONICS

“The Response of a Panoramic Receiver to
CW and Pulse Signals”—H. W. Batten,
R. A. Jorgensen, A. B. Macnee and W. W.
Peterson, U. of Michigan.

“A VHF Impedance Meter”—J1. H. Mennie,
Boonton Radio.

“Simplified Measurement of Tucremental
Pulse Time Jitter’—W. T. Pope, Griffiss
Air Force Base.

(Continuved on page 136)

> PRINTED READOUT

for ELECTRONIC
COUNTERS

3 DIRECT READING 3% RAPID CYCLING # LOW COST

_ PRINTED READOUT for high speed electronic counters is now

available at low cost as a standard BERKELEY product. This Digital
Recorder provides a direct means of permanently recording sequential
count information in arabic numeral form on a standard adding ma-
chine tape. It is designed to operate from electronic counters, Time
Interval Meters, Events-per-Unit-Time Meters, nuclear scalers, and
other electronic totalizing devices. Most standard BERKELEY instru-
ments now in use can be readily adapted for operation with the
BERKELEY Digital Recorder, thus eliminating the need for purchase
of new counting equipment.

__ THE DIGITAL RECORDER . . . | is composed of a Digital Scanner

and a Digital Printer. The first unit consists of a bank of readout decimal
counting units essentially paralleling the totalizing function of the basic
counting instrument from which they operate, and a selecting relay
matrix to channel information from the counting circuit to the Digital
Printer. This second unit presents a sequence of total counts in direct
reading digital form on a standard adding machine tape.

‘ A COMPLETE SYSTEM . . . [Ny PR R g e e Digital

Recorder then consists of three elements; a suitable electronic counting
device, Digital Scanner, and Digital Printer. The latter two elements
comprise the complete Digital Recorder, Modification D, a standard
modification of the system, will permit original count information to be
channeled directly into the Digital Scanner, thus eliminating the need
for a separate electronic counter.

SPECIFICATIONS 200 Minimum counting period determined by the char-

acteristics of the basic counting instrument. Maximum cycling rate: 1 printout every 3%
second. Indicating capacities 3, 4, 5 or 6 columns, Digital Scanner—20%” x 102” x 15"
cabinet, wt. 70 |bs., standard 19" relay rack panel. Digital Printer—712" x 8%" x
14%" cabinet, wt. 20 lbs. Price, Digital Recorder, Model R-3 (3-column), $1050; Model
R-4 (4-column), $1125; Model R-5 (5-column), $1200; Model R-65 {6-column, 100 kc),
$1275; Model R-6 (6-column, 1 mc) $1325. Modification D (not available on 1 me
unit} $145.00. Prices f.o.b. factory.

M5 Please request Bulletin 803

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

’DIRECT READING DIGITAL PRESENTATION OF INFORMATION'’
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smaller than a desk pen...
just as convenient

The NEW Turner €-4 Stand
for Model 80 Microphone

The new C-4 stand gives complete maneuvers
ability and convenience with the Model 80. It
pivots the microphone in a 135° arc for any opera-
tional angle — swings parallel to base needing
little more space than two packs of cigarettes.
The microphone is held firmly by the unique,
positive-action hinge, yet moves smoothly and
easily to any desired position without adjustment.
Microphone quickly and easily removed,.

This new, matching stand is solidly built of die-
cast zinc overlaid with beautiful satin chrome
plate. It is heavy enough to prevent tipping —
it will not slide with the weight of the cord. The
C-4 stand complements the graceful shape of the
Model 80; the combined unit is an attractive but
Inconspicuous addition to a speakers’ table, Ideal
for use with wire recorders, public address sys-
tems, pulpits, office and factory call systems,
amateur operators and other similar uses.

Model C-4 matching stand, 54”"—27 thread.
List Price _ _________ o $.5.75

Model 80 Microphone. List Price__________ $15.95

THE TURNER COMPANY

923 17th St., N. E. Cedar Rapids, lowa
In Canada: Conadian Marconi Company, Toronto, Ont., and Bronches
Export: Ad Auriema, Inc.,, 89 Broad Street, New York 4, N. Y.

“Wide-Band Wave Analyzer”—0. Kummer,
Bell Tel. Labs.

‘“Ultra~-Low Frequency, Three-Phase Oscilla-
tor”—(G. Smiley, General Radio.

SYMPOSIUM: TRENDS IN MOBILE
COMMUNICATIONS

‘“The Effects of Selectivity, Sensitivity and
Linearity in Radio Cireuiis on Communi-
cations Reliability and Coverage’—J. G.
Schermerhorn, Rome Air Development
Center.

“Singie Sideband for Mobile Communica-
tions”—A. Brown and R. H. Levine, Coles
Signal Lab.

“Major Factors in Mobile Equipment De-
sign with Emphasis on 460 MC Mobhile
Equipment Characteristics”—John Byrne
and A. A. Macdonald, Motoroia.

“Field Experience with 450 MC Mobile Sys-
tems”’—P. H. Bellingham and J. Q. Mon-
trese, Bell-Mont Communications Service.

Wednesday, March 25
ELECTRON DEVICES [11—ELECTRON TUBES

“Gas Pressure Effects on Ionization Phen-
omena in High-Speed Hydrogen Thyra-
trons”—W. C. Dean, Odessa, Texas and
G. W. Penney and J. B. Woodford, Jr.,
Carnegie Institute of Technology.

“Low Noise, Hot Cathode, Gas Tubes”—
E. O. Johnson, W. M. Webster and J. B.
Zirker, RCA Labs.

“New Dispenser Type Thermionic Cathode’
—R. Levi.

‘“Mualti Outpnt Beam Switching Tubes for
Computers and General Purpose Use”—S.
Kuchinsky, Burroughs Adding Machine.

“An Equivalence Principie in High Fre-
quency Tubes”—Robert Adler, Zenith.

CIRCUITS TV—ACTIVE NETWORKS—TRANSISTORS

“Transient Analysis of Junction Transistor
Amplifiers’—J. J. Suran and W. F. Chow,
General Electric.

“The Grounded-Collector Transistor Ampli-
fier at Carrier Frequencies”—F, R, Stan-
sel, Bell Tel. Labs.

“Symmetrical Properties of Transistors and
Ehgi_r Application”—G. C, Sziklai, RCA

abs.

“A Study of Transistor Circuits for Tele-
vision”—G. C. $ziklai, R. D. Lohman and
G. B. Herzog, RCA Labs.

“Conductance Curve Design of Relaxation
Circuits”—K. A. Pullen, Aberdeen Prov-
ing Ground.

‘“Transistor Relaxation Oscillators”—S, 1.
Kramer, Fairchild Guided Missiles.

NOISE AND MODULATION

‘“Noise Problems of Theoretical and Prac-
tical Interest”—B. Gold, Hughes Aireraft.

“A Note on Receivers for {Jse in Studies of
Signal Statisties”” —R. Deutsch and H. V.
Hance, Hughes Aicraft.

“Amplitude Modulation by Plate Modula-
tion of CW Magnetrons”’—J. S. Donal, Jr.,
and K. K. N. Chang, RCA Labs.

“Comparison of Moduiation Methods”’—
R. M. Page, Naval Research Lab.

“A Technique of Intermodulation Inter-
ference Determination”—A. J. Beauchamp,
Rome Air Development Cenfer.

SYMPOSIUM: TELEVISION BROADCASTING

‘“The Design of Speech Input Consoles for
Television”—R. H. Tanner, Northern
Electric.

“Building TV Broadcast Facilities for
Growth, Flexibility and Economy”—A. R.
Kramer and E. R. Kramer, Kramer, Win-
ner and Kramer.

“Fashions in TV Transmiiting Antennas”—
F. G. Kear, Kear and Kennedy, and J. G.
Preston, American Broadcasting Co.

‘“High Gain Amplifiers for High Power
Television Transmitters’’—J. Ruston, Du-
Mont Labs.

“Optimum Utilization of the Radio Fre-
quency Channel for Color TV'—R. D.
Kell and A. C. Schroeder, RCA Labs.

QUALITY CONTROL METHODS APPLIED 70
ELECTRON TUBE AND ELECTRONIC
EQUIPMENT DESIGN

“Use of Statistical Tolerances to Obtain
Wider Limifs on Tube Component Dimen-
sions”—E., V. Space, RCA. .

“Tolerance Considerations in Electronie
Product Design”—R. C. Miles, Airborne
Instruments Lab. .

“Distribution Patterns for the Affribufes of
Electronic Cireuitry’”’—R. F. Rolllman and
E. D. Karmiol, DuMont Labs.

“The Application of Statistics to Field Sur-
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Frofessional Groups

A worm reception hos besn accorded Autosyn*

to the Professional Groups operating
within the fromework of the IRE. Group
membership, and the number of Groups,
has grown significonily since the plan's
fnception in 1948, The foermation of three

additienal Groups since last year brings Precision_suilt by

the tetel up to 192, In line with the trend

toward scientific specialization, nine Pro- ‘ . ‘ V| _
fessionsl Greups are planning 11 special E LIPSE.PINEER
symposia on suhjecis of timely interest in .

their respective fields,

veillance of Product Performance”—R.
Herd, Aeronautical Radio.

“Reliability of E.ectron Tubes in Military
Appiications”—E. F. Jahr, Aeronautical
Radio.

“Dynamic Environment Testing’-—-D. T.
Geiser, Boeing Airplane.

SEMINAR: ACCOUSTICS FOR THE RADIO

ENGIMEER—I
Fundamental! Theory”—L. L. Beranek, MIT.
“Microphones”—H. F. Clson, RCA.

“Loudspeakers”—I. S. Knowles, Industrial
Research Products.

ELECTRON DEVICES 111—MICROWAVE TUBES
“High Power Traveling Wave Tube Ampli-

fiers”——M. Ettenberg, Sperry Gyroscope. For more than 18 years, Eclipse-Pioneer has been a leader in the devel-
“Operation of the Traveiing-Wave Tube in . . .. . .
the Dispersive Region”—L. A. Roberts and opment and production of high precision synchros for use in automatic con-
S, F. Kaisel, Stanford 1. N . . . e . .
“A° Traveimg-Wave Eleciron Buncher’— trol circuits of agircraft, marine and other indusirial applications. Today,
“Gome Prapertiontord B Hodically Loaded thanks to this long experience and specialization, Eclipse-Pioneer has
Structures Suitable for Pulsed Traveling H H A H L4
Wave Tube Operation”—-M. Chodorow and gvculoble a csmple;e1i;1;8$fl st)a;.\dord (1‘431h dlCI.fX ].631h Lg.) and
. J. Nalos, Stanford U. 3 ig. X 1. . n r unm e reci-
~Experiments on Miliimeter Wave and Light ygmy (0.937" dia g.] Autosyn synciros o nate prec
Generation”—H. Motz, W. Thon and R. N. sion. Furthermore, current production guantities and techniques have re-
Whitehurst, Stanford U. . . . .
duced cost to a new low. For either present or future requirements, it will
INFORMATION THEORY |—RECENT ADVANCES pay you to investigate Eclipse-Pioneer high precision at the new low cost.

. N . *REG. TRADE MARK BENDIX AVIAT!ON CORPORATION
“Recent Advances in Information Theory”’—

ié.b DeKosa, Federal Telecommunication AVERAGE ELECTRICAL CHARACTERISTICS— AY-200 SERIES**
s.
“Radar Problems and Information Theory”— Rotor Stator
o . Davis, Alrmateriel Command, Input Veltzge Input input laput | Stater Gutput | Resistarncs | Resistance | Maximum
‘Analysis of Multiplexing and Signal De- Type Neminal Current Power | Impadance Yoltages (DC) De) Ervor Spread
tection by Function Theory”—N. Mar- Number Excitation  |Milllampsres | Woits Ohms Line to Line Ohme hmse Minutes
chand, Marchand Electronie Labs.
“()ptixm.mgl1 Nonlinear Filters for” the EA{tracv T it AY201-1| 28V, 4C0~, 1 ph, 225 1.25 | 25+j115 11.8 9.5 3.5 15
i D tion of Signals”—L. A. Za- ransmitters
élgfxl, %]gimn%ti%ctlj. ft Sig b ML . ,a AY201-4| 76V, 400~, 1 ph. 100 045 | 45+i225 118 i6.0 6.7 20
“Detection of Information by oments’’— N - ) - -
J. J. Slade, Jr., S. Fich, 1. A. Molony, Receivers AY201-2 | 26V, 400~ 1 0k, 100 0.45 454-j225 11.8 16.0 6.7 45
Rutgers U. Contro AY201-3 F"‘Arﬂtgs';gs' Dependent Upon Circuit Design 420 16.8 13
QNLro A
COMMUNICATIONS  SYSTEMS Iur?r::}s AY201-5 | From Trans. Dependent Upon Circuit Design 2500 63.0 15
“Automatic-Tuning Communications Trans- Autosyn
mltter”t-_—M- f-bDettm&n. Federal Telecom- fesol AY221-3 | 26V, 400, 1 ph. 60 035 | 108--ja25 11.8 53.0 125 20
munication Labps. ssolvers
i‘]LD)SOubll)ing of ChanneiCCapacity oéﬂiSingl% AY241-5 | 1Y, 3G~,1ph. 37 — | 240+j130 0.34 2349.0 120.0 40
ideband Systems”—C. D, May, o
Chief gignab{ ogcer_ D. May ce Differentials | AY231-3 | From Trans. Dependent Upon Gircuit Design 14.0 10.8 20
“Performance of Space and Frequency Di- Autosyn P e
gﬁ?lﬁ Egﬁggl%%ﬂtsbﬁgirﬁoﬁlﬂl aEd %aiy *Alsg includes High Frequency Resolvers designed for use up 1o 100KC (AY251-24)
Glaser, Bell Tel. Labs.
“Effect of Hits in Telephotography”—P.
Mertbz agld Kf vlgl ‘Pﬂeger,mBeltl Tel. ngbs. AY-500 (PYGMY) SERIES
“Reliabili 0 ilitar ectronic uip-
ment ansc_ri Onur Abilit);r to Maintain 1qt fl())r Transmitters AY503-ﬂ 26V, 400~, 1 ph. 235 22 454-j100 11.8 25.0 10.5 24
53 o
}Ivlg{it;‘;“ §. Brown, Stanford Research Receivers | AYS503-2 | 26V, 400~, L ph. 235 22 | #5+i100 11.8 23.0 10.5 30
AY503-3 |  From Trans. I ; 170.0 45,0 24
D d U t D
SYMPOSIUM: TELEVISION BROADCASTING Control Autosyn ependent Upon Circuit Design
Trans-
. ANG uHF formers AY503-5 Frgrlrjx‘;rya:s. Dependent Upon Circuit Design 350.0 188.0 30
“A Flexible TV Studio Intercommunication -
%ysﬁzm:{%%: E Chiplf and R. F. Bigwood, Resolvers AY523-3 | 26V, 400~, 1 ph, 45 0.5 |2904-j4%0 11.8 210.0 42,0 30
uMont etwork. . . ~, 1ph 1| 900+ 1L 560.0 165.0 30
“CBS ‘l‘eleiéision’%1 I][;ltoliywood T\i CII«Ey: AY543-5 | 26V, 400~ T ph. s 0.1 |S00+i2200 ¢ b
Video, Audio an ercommunication Fa- Differentials |AY533-3 | From Trans. - 45.0 93.0 30
ciliies”—R. O'Brien, R. Monroe and Autosyn Dependent Upon Circuit Design
P. Fish, Columbia Broadcasting System.
N4 3 » N . "
An Experimental Study of Wave Propaga- For detailed information, write to Dept. B.

tion at 850-MC”"-—-J. Epstein and D. W.
Peterson, RCA Labs.
“A Typical UHF Installation”—W. H. Sayer,

" - Labs. ) |
«Hhigh Power UNF Kiystron Application”— ECLIPSE-PIONEER DIVISION of —?jﬂ 7

. E. Rankin, ral Electric.
:‘H‘D;ghE Pof,;,rél.murﬁz?n%ﬁ;sﬁo;c anpliﬁer De- TETERBORO, NEW JERSEY AVIATION CORPORATION

sign”—WN. P, Hiestand, Varian Associates.

(Continued on page 138)

Export Sales: Bendix International Division, 72 Fifth Avenue, New York 1T, N, Y.
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BT Transformers

' Have Many Applications

Kenyon oil-filled hermetically sealed transformers have particular applica-
tion to pulse and high voltage plate transformers and to charging reactors.

They are specially valuable for reactors and plate transformers operating
on 400 cycle or higher frequency primary supply voltage.

Because of their internal characteristics oil-filled transformers present dif-
ferent problems from conventional types. Cases must be correctly design_ed,
terminals properly constructed and sealing methods highly efficient to elim-
inate oil leakage. Kenyon has successfully solved these problems. _

The result is a unit with high quality insulation, small in size yet possessing
excellent life and exceptional dependability.

Because of substantial savings in size and simplicity of insulation, use of

Kenyon OQil-Filled Transformers frequently results in lower final cost.
Booth No. 1-615 LR.E. Show

‘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 €O., Inc.
| 840 Barry Street, Ngw York 59, N. Y. - "

“Highh Power UHF Television Broadcasting
Systems”—H. M. Crosby, General Electric.

MICROWAVES |—SYMPOSIUM: MANUFACTURE
OF MICROWAVE EQUIPMENT

“How to Design Microwave Components for

]I:\:ﬁ;se of Assembly”—F. Neukirch, N.R.K.
g.

“The Design of Microwave Components for
Production”—H. J. Riblet, Microwave De-
velopment Labs.

“Fabrication of Microwave Components Em-
pioying the Dip Brazing Process’—J. Ru-
dolph, Glenn L. Martin.

“Electroforming with Copper, Nickel and
Other Metals”—C. L. Duncan.

“Manufacturing ‘Microstrip’ Printed Circuit
Components”—H. F. Engelman (probable

speaker), Federal Telecommunication
Labs.
SEMINAR: ACOUSTICS FOR THE RADIO
ENGINEER—II

“Phonographi  Reproducers”—B. B. Bauer,
Shure Brothers.

“Tape Recording”—M. Camras, Armour
Research.

“Studio Acoustics”—H. J. Sabine, Celotex.

Thursday, March 26
INFORMATION THEORY II—THEORETICAL

“Error Probabilities of Binary Data Trans-
mission Systems in the Presence of Ran-
dom Noise”’—S. H. Reiger, Air Force
Cambridge Research Center.

“Statistical Properties of the Output of Cer-
tain Frequency Sensitive Devices”"—G. R.
Arthur, Sperry Gyroscope.

“Cross-Correlation Applied to Automatic
Frequency Control”—M. J. Stateman, Syl-
vania.

“Approximate Probability Density Fuanction
of First Level Crossing for Linearly In-
creasing Signal Plus Noise”—G. Preston
and R. Gardner, Philce.

“A Design Criteria for the Opfimum De-
modulation of Generalized Modulated Sig-
nals”—F. W. Lehan, Calif. Institute of
Technology.

BROADCAST AND TELEVISION RECEIVERS—I

“Gain Stable Mixers and Amplifiers witl
Current Feedback’—G. E. Boggs, National
Bureau of Standards.

“Video Amplifiers with Instantaneous Auto-
matie Gain Control”—W. E. Ayer, Stan-
ford U.

“An Automatic Level-Setting Syne and ACC
System”—E. O. Keizer, RCA Labs., and
M. G, Kroger, Motorola. ’

“Packaged Adjacent Channel Attenuation
for Television Receivers’—J. P. Van
Duyne, DuMont Labs. .

“Methods of Matrixing in an N'TSC Color
Television Receiver”—W. M. Quinn, Gen-
eral Electric

MICROWAVES I1—DISTINCONTINUITIES AND
TRANSITIONS

“R-F Measurements on Metallic Delay Me-
dia”—S. B. Cohn, Sperry Gyroscope.

“Impedance Measurement in a Circular
Waveguide with TE. . Excitation”—L. S.
Sheingold, Sylvania. )

“Experimental Determination of the Prop-
erties of Microstrip Components”’—M. Ar-
diti Federal Telecommunication Labs.

“A Wideband Transition Between Wave-
guide and Coaxial Line”—N., A. Spencer
and H. A. Wheeler, Wheeler Labs.

“A Contribution to the Ridge Guide Prob-
lem”—B. A. Lengyel, Hughes Aircraft.

RADIO TELEMETRY

“Telemetering Requirements for Upper Air
Rocket Research Experiments”—M. O'Day.
Air Force Cambridge Research Center.

“Telemetering—Broad Band on Short Or-
der”—T. F. Jones, Jr., General Electronic
Labs.

“Flutter Compensation for FM/FM Tele-
metering Recorder”—J. T. Mullin, Bing
Crosby Enterprises.

““A. Magnetic Tape Recording System for
Precision Data”—L. L. Fisher, Ampex
Electrie.

“An  Improved FM/FM Decommutator
Ground Station”—F. N. Reynolds, Ralph
M. Parsons Co.

“Some Industrial Applications of Telemetry”
—F. N. Stephens, Midwest Research Insti-
tute, and L. Bergren, Great Lakes Pipe
Line Co.

AUDIO

“Sound Reinforcement System, General As-
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sembly, United Nations”—L. 1. Beranek.
MIT, and C. W. Goyder, United Nations.
“A Variable Time Delay”’—K. Goff, MIT.
“A Flux Sensitive Head for Magnetic Re-
cording Play Back”—D. E. Wiegand,
Armour Research.
“Uniaxial Microphone”—H. ¥F. Olson, J.
Preston and J. C. Bleazey, RCA Labs.
“Sound Pressure Measurement Between 50
and 220 BDB”—J. K. Hilliard, Altec
Lansing.

ENGINEERING MANAGEMENT

“Report of Year’s Activities by the Chair-
man_of the Professional Group on Engi-
neering Management”’—R, I. Cole, Rome
Air Development Center.

“(zeneral Problems of Engineering Manage-
ment Facing the Electronics Industry”—
H. Pratt, Telecommunications Advisor to
the President.

“Research and Development Problems of
Engineering Management in the Electronics
Industry”’-——M. J. Kelly, Bell Tel. Labs.

“Production  Aspects of Engineering Man-
agement in {the Electronics Industyry’—
W. A. McDonald, Hazeltine.

“What the Military Services Expect from
Engineering Management of the Elec-
tronies Industry”—D. L. Putt, Air Re-
search and Development Command.

INFORMATION THEORY 11l—CODING

“A Necessary and Sufficient Condition for
Unigque Decomposition of Coded Mes-
sages’—A. A. Sardinas and G. W. Patter-
son, Burroughs Adding Machine.

“A Systematic Survey of Coders and Decod-
ers”—B. Lippel, Fort Monmouth.

“Method tor Time or Frequency Compres-
sion-Expansion of Speech”—G. Fairbanks,
W. L. Everitt and R. P. Jaeger, U. of
Illinois.

“A New Coding System for FPulse Code
Modulation”—A. G. Fitzpatrick, Burroughs
Adding Machine.

“Coincidence Detectors for Binary Pulses’—
C. Gates, Calif. Institute of Technology.

BROADCAST AMD TELEVISION RECEIVERS—II

“Factors Affecting the Design of VHF-UHF
Tuners”—E. H. Boden, Sylvania.

“Theory of A. F. C. Synchronization”—W. J.
Gruen, General Electric.

“Standardization of Printed Circuif Mate-
rials for Mechanized Radio Assembly”’-—
W. Hannahs, J. Caffiaux and N. Stein,
Sylvania.

“A Colox TV Receiver for the NTSC Sys-
tem”—K, E, Farr, Westinghouse.

“A Simple Pickup Camera Attachment for
Television Receivers”—V. K. Zworykin,
L. E. Flory and W. S. Pike, RCA Labs.

MiCROWAVES 111—FERRITES AND DETECTORS

“Space Charge Detector for Microwaves’'—
A. B. Bronwell, J. May, C. Nitz, T. C.
Wang, and H. Wachowski, American So-
ciety for Engineering Education.

“Low Level Synchronous Mixing”—M. E.
Brodwin, C. M. Johnson, Johns Hopkins
U., and W. M. Waters, Bendix Radio.

“Gunided Wave Propagation Through Fer-
rites and Electron Gases in Magnetic
Fields”—L. Goldstein, M. Gilden, and J.
Etter, U. of Illinois.

“Cavities with Complex Media”—A. D. Berk
and B. Lax, MIT.

“Resonance in Cavities with Complex Me-
dia”—B. Lax and A. D. Berk, MIT.

REMOTE CONTROL SYSTEMS

“The Organization of a Digital Real Time
Simulator”—H. J. Gray, Jr, U. of Penn-
sylvania.

“Control System Engineering Applied to
Suspension Systems”’-—C. J. Martin, R.
Jeska and E. B. Therkelsen, U, of Michi-

gan.

“Experimental Evaluation of Control Sys-
tems by Random-Signal Measurements —
W. W. Seifert, MIT.

‘“Extension of Conventional Technigites to
the Design of Sampled-Data Systems’—
W. K. Linvill and R. W. Sittler, MIT.

“Generalized Servomechanism Evaiuation”—
W. P. Caywood and W. Kaufman, Car-
negie Institute of Technology.

they
can't

shake

loose . ...

it the clamp is made \by

There is a Birtcher Clamp...or one can be designed
...for every tube you use or intend to use.

Regardless of the type tube or plug-in component your

operation requires . ..and regardless of the vibration

and impact to which it will be subjected...a

Birtcher Tube Clamp will hold it securely and
rigidly in place,

Catalog and samples sent by return mail.

The BIRTCHER CORPORATION

4371 Valley Blvd. Los Angeles 32, Calif.

Please send catalog and samples by refurn mail,
Company

Attention of:

“Method for Reducing the Forced Dynamie Address
Error of Closed-Loop Systems”—L. H. City State
King, MIT.
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All the qualities needed for clear,
positive indication are available
in all Johnson Pilot Lights. Furnished
from stock with full or controlled
brilliance; faceted or smooth
jewels, plain or frosted. Colors are
clear, red, green, amber, blue
or opal.

WIDE ANGLE

147-1220 UL Approved. For economical,
continuous operation with neon or low
powered incandescent bulbs. Double
contact bayonet base contains series
current-limiting resistor. Red, amber or
clear Lucite cap transmits light with good
efficiency.

VARIABLE
LIGHT INTENSITY

147-1519 Camera type shutter. Rota-
tion of jewel head varies light from full
brilliance to off. Uses G6 double contact
bayonet based bulb, Other types avail-
able with polarized discs for light vari-
ation,

TRUE COLOR
INDICATION

147-1034 UL Approved. Internally
frosted jewel with plastic backing color
disc eliminates false indication from ex-
ternal light. Color does not appear until
lighted. Disc may be specially imprinted
and arranged for continuous visibility or
only when lamp is lighted.

ECONOMY '
DETACHABLE SOCKET

147-800 Chrome plated friction jewel
holder. Lamp replaceable from front
or rear of panel, Socket detachable from
panel bushing. Insulated solder terminals.
For miniature screw, candelabra screw
or bayonet based bulbs.

Send for Catalog 973

Select Pilot Lights exactly suited to your
needs from the complete Johnson line.
Write us your requirements and we will
be glad to suggest suitable selections.

CAPACITORS, INDUCTORS, SOCKETS, INSULATORS, PLUGS, JACKS, DIALS, AND PILOT LIGHTS -

208 SECOND AVENUE SOUTHWEST

® WASECA, MINNESOTA
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Filter Design Data
for Communication Engineers
By J. H, Mole. Published 1952 by John Wilos

& Sons, Inc., 440 Fourth Ave., New York 16,
N.Y. 252 pages. Price $7.50.

It would be surprising if this hand-
book on filter design did not receive a
warm reception from engineers engaged
in circuit design. This is a practical
book, no effort being made to explain
theoretical principles. As such, it should
relieve the practical engineer of much
of the labor that is often spent on
routine calculations. The volume con-
tains 127 drawings and charts, and 56
tables, many giving specific design ex-
amples. Chapters 1 through 7 cover the
familiar symmetrical and dissymmetri-
cal filters, impedance transformation,
losses and terminal sections. Chapter 8,
on Tchebycheff behavior of stop-band
attenuvation, is of notable interest.
Chapters 9 through 12 include the ef-
fects of dissipation, tolerances, tables of
useful functions, and simpler filters. AJF

Dictionary of Conformail
Representations
By H. Kober. Published 1952 by Dover Publi.

cations, Inc., 1780 Broadway, New York 19,
N.Y. 224 pages. Price $3.95.

The use of conformal transformations
Is a significant aid in simplifying the
analysis of two-dimensional electric and
magnetic fields. Difficult problems be-
come more amenable to solution because
the actual coordinates are represented
by an equivalent system which per-
mits the field’s characteristics to be com-
pared with familiar geometries.

This handy reference should be of
inestimable aid, not only to the electri-
cal engineer, but to the aerodynamicist
and physicist as well. Incorporating 447
diagrams, the book contains a large
number of transformations which are
classified according to their analytic
funections. These time-saving setups
should eliminate much of the laborious
work involved in deriving a particular
configuration. Of notable value are the
linear, bilinear and Schwartz-Christo-
phel  transformations. This unique
volume, originally prepared for the
British Admiralty, effectively fills the
need for an aid in solving Laplace’s
equation in two dimensions, and is
highly recommended. AJF

Advanced Antenna Theory

By Sergel A. Schelkunoff. Published 1952 by
John Wiley & Sons, Inc., 440 Fourth Are,,
New York 16, N.Y. 216 pages. Price $6.50,

The engineer and mathematician en-
gaged in antenna work should find this
authoritative work a valuable addition
to their collections of technical books.
Of necessity, this is a somewhat sophis-
ticated book, the problems of advanced
antenna theory often being of an in-
herently complex nature. The primary
contribution of this work is the concise
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presentation of mathematical methods
for solving antenna problems, includ-
ing material which has not been pub-
lished previously. Where possible, the
author stresses the resemblance and
compatibility with established circuit
theory.

The book is divided into six main
sections. Part 1, discussing spherical
waves, covers Maxwell’'s equations,
transmission lines and other “ground-
work” material. Part 2, covering mode
theory of antennas, is the core of the
work and makes up cne-third of the
volume. Included are the author’s theory
of conical antennas and thin antennas
of arbitrary shape, The remaining sec-
tiens encompass spheroidal antennas,
integral equations, cylindrical antennas,
and natural oscillations. Inserted be-
tween the main text and appendixes
are 44 interesting problems and their
angwers, rounding out a highly instruc-
tive and reasonably comprehensive
volume, AJF

BOOKS RECEIVED

Television Factbook No. 16

Fdited by Martin Codel and staff. Published
1953 by Television Digest, Wyatt Bldg.,
Washington 5, D. C. 268 pages. Price $3.
Compilation contains directory of post-
freeze TV stations and applications, mar-
kets, statistics, manufacturers, personnel,
trade associations, publications, and map
of network interconnections.

Proceedings of the National
Electronics Conference—1952

Vol. 8 National Electronics Conference, 852
F. 83rd Street, Chicago 19, Illinois. 835
pages, Charts, Diagrams, Tables, 914 K
614 inches, case bound, $5.00. This boo
contains all of the 97 technical papers pre-
sented at the 1952 conference covering
electronic research, development, and ap-
plication in antennas, the assembly and
measurement of components, audio, cir-
cuits, coding and recording techniques,
computers, delay lines and HF test equip-
ment, electronic instruments, engineering
management industrial measurements
magnetic amplifiers, memory tubes, radar,
radio navigation, reliability of components
and equipment, semiconductors, servo-
mechanism, television, transistors, and
waveguides. Volumes 2, 4, 5, 6 and 7 for
previous conferences may aIso be obtained
for $5.00 per copy.

Radioactivity Measures
Semiconductor Impurities

The wuse of radioactivity methods
has greatly accelerated research in
semiconductor materials used in tran-
sistors, according to Dr. George H.
Morrison of Sylvania Electric Products
Inc. It is possible to measure impurities
of one part in 100 million by radioc-
activity methods in germanium. Con-
ventional chemical metheds of meas-
urements are ineffective at these ex-
tremely low concentrations.

Containers, called boats or crucibles,
made of the purest available graphite,
are irradiated with neutrons in the
nuclear reactor at the Brookhaven
National Lab. The containers are then
used in the melting of the germanium
metal. The small amounts of radio-
active impurities in the container are
transferred to the germanium during
the melting process. The amounts trans-
ferred may be determined by the
standard methods of measuring the
intensity and rate of decay of the
radioactive emission.

TODAY’S COMMUNICATION TREND

IS TOWARD SINGLE-SIDEBAND

SINGLE-SIDEBAND
RECEIVER
MODEL 47
1
Show—

7 St g

BOOTH
4-808
IR.E. SHOW
GRAND CENTRAL -
PALACE * N.Y.C.
MARCH 23-26.
®

//:RIPLE-DIVERSHY

SINGLE-SIDEBAND
MODEL 155

The Crosby Triple-Diversity Single-5ideband Receiver, Model 155
(left), and Single-Sideband Receiver, Model 47 (right), provides the
vitimate in performance for long-range radio reception. Receives all
forms of double and single-sideband transmission including reduced.
carrier single-sideband transmission and amplitude-modulation or phase-
modulation transmission.

For program, voice, tone-multiplex and twin-channel operation:
optimum performance in rejecting interference; protected against
jamming; precision performance.

/ The equipment is approximately one-third the size, weight and cost
of single-sideband receiving equipment heretofore available, yet pro-
vides a new standard of performance under severe conditions of
interference and fading.

The complete triple-diversity equipment, Model 155, is contained in
one standard-size cabinet rack. The Model 47 single-sideband receiver
requires only 28’ of vertical panel space.

} ¢ Send for our descripﬁve booklets on this
equipment, giving complefe defalls.

chx_svuus, N Y. |
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Insulated

Does your production require cutting and stripping of insulated
electric wire, cord, cable, etc.?

You can produce finished leads much faster...as many as 3000
per hour in 15-in. lengths... on this Artos Automatic Machiae.
Substantial savings are obtained over the best manual or semi-
automatic methods.

Operation is fully automatic—wire is taken from the reel, meas-
ured, cut to length and stripped at one or both ends. Unskilled
help can handle the machine. Set-up is easy for different wire
types, cut lengths and stripped lengths.

Measure, Cut and Strip
Wire

MODEL CS-6E CAPACITY

Finished Pieces Per Hour—Irom 3000
per hour up to 15 in. lengths to 500
per hour in 64-97 in. lengths.

Other Artos Machines

The complete line of Artos auto-
matic wire cutting and stripping
machines will handle cut lengths
from 1 in. to GO ft., stripped lengths
to 6% in. at one end and 8l in. at
the other, wi#re from No. 12 to No.
000 gauge, and up to 3600 pieces
per hour. Ask for recommendations
on your problems.

Maximum Stripping Length—11% in. at
each end (greater stripped lengths are
special),

Maximum Cutting Length—97 in.
Minimum Cutting Length—2 in. (also

as short as 74 in. under certain condi-
tions).

Types of Wire Handled—Practically "&=
all types of solid or stranded single ¢ .
conductor wires, parallel cord, heater
cord, service cord, etc,

Maximum Wire Size—INo. 10 stranded
or No. 12 solid.

WRITE FOR BULLETIN

Get the complete story.
Write for Bulletid 35-C
on Artos Model CS-6
machines.

Avutomatic Wire Cutting and Stripping

CR Tube Presentations
{Continued from page 90)

from 1.4 to 3.0 for various P7 phos-
phor screen compositions and proc-
essing. For RCA screen material
having a ZnS to CdS composition
ratio of 82 to 18, the accelerating
voltage exponent was determined
experimentally as 2.5 for accelerat-
ing potentials in the range 1.5 to 6.0
kv. This figure will be used.

Having calibrated the various
nonlinearities which limit the peak
brightness of the pip it is now pos-
sible to calculate peak brightness.
However, the mere multiplication of
the light per excitation by the num-
ber of excitations per second will
not give the amount of light emitted
per second nor average brightness.
It is necessary to modify an
expression which defines saturation
brightness for conditions of repeti-
tive pulse excitation. The peak
brightness reached during one target
scan can be obtained by multiplying
CRT brightness by the buildup fac-
tor obtained from Fig. 6, but during
the remainder of the frame time no
more pulses will be received to ex-
cite the same spot on the CRT
phosphor and the brightness will de-
cay according to the curve of Fig. 3.
Since the major part of the light
energy is contained under the ex-
ponential curve having an o of —1,
this approximation was used to cal-
culate the curve of Fig. 7 which
shows the relationship between
target scans per second and the total
light output. The total light output
can be obtained by multiplying the
peak brightness by the Scans per
Second Factor, S, derived from Fig.
7. This factor varies from a very low
value at low scan or frame rates to
near unity at ten or more scans per
second.

The total light energy and hence
the wvisual stimulation of a radar
presentation as a function of time
and radar parameters can now be
written. Since this expression is a
measure of the visual stimulation
derived from a radar system CRT
presentation, it can also be con-
sidered as a radar system presenta-
tion quality factor for comparison
with other radar systems.

Effective Pip Brightness—
19.8(10-9) IE:"FBS Foot Lamberts

Effective
where 19.8(10-%) is a constant char-
acteristic of the P7 phosphor

I is effective CRT screen current
density in pa/ecm? derived from Fig.
4

E is CRT final anode accelerat-

ing voltage, volts
I is the Excitation Time Bright-
ness Factor, from Fig. 5

ARLOS,

2753 S. 28th St.

ENGINEERING CO.

Milwaukee 46, Wis,
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B is Brightness Buildup Ratio
from Fig. 6
S is the Scans per Second Fac-
tor from Fig 7
Having arrived at the effective
hrightness of the radar presentation
it is now necessary to consider those
factors which degrade the ability of
the observer to see the pip, namely,
receiver noise, background light and
size of the pip and presentation.
Subjective tests indicate noise
level, from whatever source, ad-
versely affects perception time in
two ways. It increases the average
field brightness - of the CRT, thus
decreasing contrast ratio, and it
clutters up the presentation result-
ing in considerable confusion to the
operator, Under conditions of low
ambient light, noise brightness
about two-thirds pip brightness, and
noise pips the same physical size as
signal pips, perception time with
noise increases by a factor of two
on a 1-in. presentation and by a
factor of more than seven on a 6-in.
presentation, Since the resultant
deterioration of CRT intelligence
perception due to noise is consider-
ably dependent upon a particular
radar system and upon the method
of utilizing the receiver signal for
the CRT display, it is not possible
to take noise into consideration in
a general formula for perception
time. Needless to say, its effects
should be reduced to a minimum
by the best techniques available.
The light reflected from the CRT
phosphor is equal to the brightness
of the ambient light, A, times the
coefficient of reflectivity of the CRT
phosphor. In optics, contrast ratio is
expressed as the difference between
the brightness of the object and the
brightness of the background,
divided by the brightness of the ob-
ject. On the CRT the ‘“object” is a
pip whose intensity is equal to the
phosphor brightness, P. plus the re-
flected ambient light brightness, Ar
where r is the coefficient of reflec-
tivity of the phosphor. When inci-
dent light falls onn the CRT face
plate at an angle, 9, then the effec-
tive incident light is A sin 8, and
the reflected light is Ar sin © and
P
P+ Arsind
Contrast ratio is a major factor in
determining what can be seen and
the time necessary to see it. Al-
though it is recognized that the abil-
ity to see also depends upon the
absolute brightness of the pip and
its background, in radar displays the
range of brightness of the pip en-
countered in normal displays is not
very great and hence as a close ap-
proximation it is possible to use
(Continued on page 144)

Contrast Ratio —
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LEIN

QUALITY PLIERS

e

FOR THE ELECTRONICS INDUSTRY

ready for work. All are hammer
forgedfromhigh-gradetoolsteel,
individually fitted, tempered,
adjusted and tested—made by
plier specialists with a repura-
tion for quality “since 1857.”

Now, Klein quality pliers are
available in new compact pat-
ternsfor precisionwiringandcut-
ting in confined space. Note, too,
the replaceable leaf spring that
keeps the plier in open position,

OBLIQUE CUTTING
PLIER — 210-51L — For
cutting small wires or
trimming plastic. Entire
length of cutting knives
works flush against cut-
ting surface. 5
of 6-inch sizes.

LONG NOSE PLIER
307-5-Y2l —Extremely
slim pattern ideal for
the really tight spots.
Jaws are knurled to in-

sure a positive grip.

LIGHTWEIGHT
OBLIQUE CUTTING
PLIER 209-5~sSmaller
than 210-51 with an ex-
tremely narrow head.
Entire length of cutting

CHAIN NOSE PLIER
317-50—A full inch
smaller than standard
pattern. Has a very fine
knurl that will not dam-
age soft wire. Also
available with-
out knurl.

¢t knives works flush
against cutting surface.

DUCK BILL PLIER
306-5-V5 —
pact plier has jaws of
sufficient width to held
small springs, yet small

TRANSVERSE END
CUTTING PLIER

204-6 —Useful in pre-
cision work where or-
dinary ohlique or end
cutters are too bulky.
Gives a clean, flush cut.

This com-

enough to form wire in
confined places.

ThisKlein Pocket Tool
Guide gives full infor-
mation on all typesand
sizes of Klein Pliers.
A copy will be sent
without obligation.

ASK YOUR SUPPLIER

Foreign Distributor:
International Standard
Electric Corp.,

New York

**Since 1857

Matluas R

3200 BELMONT AVENUE CHICAGO ta,_lLLl_NO
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TRANSMISSION LINES FOR AM-FM-TV-
ANTENNA EQUIPMENT ¢ ANTENNA TUNIE

Andrew’s vast experience
produces the most advanced

Request Andrew Nomographs in
Bulletin 81 for direct graphical
computation of efficiency of 10 to
2000 foot runs of line.

Andrew

CORPORATIEON

363 EAST 75TH STREET, CHICAGO 19
ANTENNA SPECIALISTS

TV Transmission Line

B

. = . .‘:Insyliqi_'ﬁr .
. Size | Impedance Bead"
T , Material
TRANSMISSION LINE FOR VHE-TV
- 7.%’{." ‘: §|_,5 ohms steatite
1% . 51.5 ochms Teflon*
3" 51.5 chms: steatite
. 84 - 51.5 chms Teflon*
1 8% | 51.5 ohms steatite
_ TRANSMISSION LINE FOR UHF-TV _
. 8T 134" 50.0 otims Teflon*
562 315" 50.0 ohims - Teflon*
. es Lk 6" 75.0 ohms - _Teflon*
~ ' WAVEGUIDE FOR UHE-TY | A
; .;:Aluminum ?’}&” x 157 recfnnrg:ul'ar crosse Y

-

i

S

section, RTMA designation WR-1500, 12.

Aluminum waveguide: WR-1150, 11%"
x 53" inside dimensions, 12 foot seciien
T 3 x

. *trgﬁemﬁflf'-for _ﬁfﬁi?qnt tetraflue .efh)‘-'leng'-‘?- :

contrast ratio as a single criterion
and plot a series of empirical curves
as shown in Fig. 8. In this figure,
perception time in seconds is
plotted as a function of contrast
ratio. The figures on the curves 1, 2,
4, etc, indicate the distance in
inches between the spot where the
operator is concentrating his atten-
tion and the spot where the pip ap-
pears. In the extreme case this dis-
tance is the display size. It will be
noted that perception time, at low
contrast ratios, increases very
rapidly as the display size increases.
Since perception time, in itself, is
difficult to measure, the perception
times of Fig. 8 also contain an aver-
age reaction time of 400 milli-
seconds.

The relative ability of the ob-
server to see pips of various sizes
was investigated and it was found
that, at viewing distances of 14 in.
and at constant brightness, pip size
in the range 0.06 to 0.50 in. had no
appreciable effect on seeing time or
the ability to see. This situation
held for viewing distances of 14 in,
or less, whereas at viewing distances
greater than 20 in. the optical “vis~
ual angle” effect became prominent.

Using the method of display eval-
uation described in this study, the
brightness and perception time of
several modern radar equipments
was calculated and then measured.
In all cases, for both search and
track mode, the calculated results
agreed with the measurements
within a maximum error of 25%
provided care was taken to obtain
accurate radar system characteris-
tics. Typical values for pip bright-
ness were: in search mode—1.5FL;
in track mode—9 FL. Since the ra-
dar systems used to check the for-
mula had widely different charac-
teristics, it is assumed that good re-
sults will be obtained on present and
contemplated radar systems in gen-
eral.

The work described in this paper was per-
formed on Air Force Contract AF33 (038)
23309. The author wishes to express his ap-
preciation to his colleague, H. S. Jackson®,
who was responsible for much of the sub-
jective testing.
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Transistor Oscillator
{(Continued from page 93)

Determinations of the frequency
stability with changes in tempera-
ture and supply voltage have indi-
cated that the frequency varies ap-
proximately 1 part in 10% per degree
C, and 1 part in 10% per 0.10 volt. The
transistor oscillator was also com-
pared with the standard oscillators
controlling the transmissions of
WWYV. Short time variations were
about == 3 parts in 10'° and the long
interval drift—in days—indicated
changes of about 3 parts in 10? per 24
hours. These figures are comparable
to those obtained from vacuum tube
standard oscillators, particularly at
the time of their initial installation.
Fortunately, frequency drift in the
quartz-crystal unit of a conventional
type standard oscillator normally de-
creases with age. It should also be
noted that because the transistor
oscillator has just recently been de-
veloped, no data exist in regard to
long~time stability in terms of years.

The compactness of the transistor
oscillator lends itself to more con-
venient and portable temperature
control measures, Heretofore stand-
ard quartz osci'lators or quartz
clocks have required relatively com-
plex temperature control apparatus
{operating at temperatures up to
60°C) and special high-reliability
power sources.

Tests were conducted on the new
transistor oscillator with the com-
plete unit operating at 0°C. Reason-
able temperature stability was
achieved by merely placing the os-
cillator in a Dewar flask containing
erushed c¢lear ice. Among the results
wag an indication that the reduced
temperatures were responsible for
reducing drift and increasing the @
of the quartz crystal unit. Thus, it
now becomes possible to make avail-
able a readily-portable continuously-
oscillating frequency standard.

t High stability quartz crystal unit for frequency
standards, J. P. Griffin, Bell Lab. Record 30,
No. 1t (1952).

New NARTE Scol

BOX 711
L# WASHINGTON 4, D.C.
e

L INFORMATION
EDUCATION

New NARTE Seal of Good Television Praclice
contains oddress of Television Code Boord
fo enable viewers Yo write in commenis on
these programs they consider objectionable,

to

ARMY ORDNANCE

specification

See Cannon Electric Booth
#2-512 Radio Engineer-
ing Show. March 23 1o 26,
Srand Centrol Palace N. Y,

Ao Cannon Type AO Series connectors are man-
ufactured under the latest specification pertaining to
electrical systems for military vehicles and associated

external electrical equipment. “A

O” connectors will

mate with standard "AN" fittings. Are ideal for heavy
duty industrial use.

This new series is designed to withstand extreme
conditions of temperature moisture, dust, vibration
and shock. Shell material is aluminum alloy with nat-
ural iridite finish. Insulators are of a special molded
resilient material having high dielectric strength, me-
dium oll resistance and will not support combustion.
Resilient grommet provides moisture proofing over
solder terminals.

For engineering data, request Bulletin AO-1952.

SGCKET INSERT
ASSEMBLY TYPE AQ-RAQQ
WITH GROMMET
RETAINING NUT

TYPE AQ-PAO6 WITH
GROMMET RETAINING
NUT

bt

SOCKET INSERT
ASSEMBLY TYPE AQ-RBO2

P4N INSERT ASSEMBLY
TYPE AG-RBO2

AQ TRAJILER RECEPTACLE

DUST CAP

AQ SLAVE RECEPTACLE
BOW

WRITE FOR BULLETIN
AD-1952

@m e e e

S

Wil e

B e AR

. CANNON ELE@'E'RIC

Factories in Los Angeles, Toronto, New Haven, Benton
Harbor. Representatives in principal cities.. Address in-

¢ quiries to Cannon Electric Company,Dept. €-201, P. O,
E@ Box 75, Lincoln Heights Station, Los Angeles 31 Calif

SR

SRR 5«%«%&

Since 1915

T e e
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BERKE_L-_E'Y;' announces

another "First". ..
a direct reading digital
0-42 megacycle

frequency meter
MODEL 5570

3 Accuracy: 1 part in 107, =1 count
3 Direct-reading digital indication
3 A complete instrument in one package.

Wide Application...transmitter frequency monitoring,
crystal checking, general laboratory and production
line use wherever rapid, precise frequency determi-
nation is desired.

On Display at the IRE Show, New York
March 23-26 —Booths 302 and 304, Fourth Floor

> division af BECKMAN INSTRUMENTS. INC ‘
2200 WRlGI'IT AVENUE . RICHMOND OALIFORNIA

‘"DIRECT READING DIGITAL PRESENTATION OF INFORMATION'”

» MANUFACTURERS’

&
(G

I. R. Ross, president of Credda, Inc,
national distributors of electronic and
aeronautical equipment, has formed a
new company, Ross Associates, 19 W. 26
Street, New York, N. Y., which is rep-
resenting manufacturers of electronic
equipment nationally.

Staver Co., Inc., Bay Shore, L. 1, N. Y,
manufacturer of tube shields and other
electronic components, has announced
the appointment of The Frank A. Em-
met Co., 2837 W. Pico Boulevard, Los
Angeles, Calif. as the company’s west
coast rep.

Helipot Corp., South Pasadena, Calif,,
has appointed J. S. Root, 290 Lawrence
Ave. West, Toronto 12, Ont., Canada, as
its factory representative for the Do-
minion. Bivens and Caldwell, Security
Bank Building, High Point, N. C, hag
also been appointed Helipot representa-
tive for Tennessee, North and South
Carolina, Kentucky, Georgia and Ala-
bama.

Bittan-Shafer Sales Co., manufac-
turers’ representatives of electronic
parts, television and radio has been
formed by Harry Bittan and Peter Sha~
fer with offices and showroom at 120
Liberty St., New York, N. Y. Sales ac-
tivities will cover the metropolitan New
York and northern New Jersey area.

Dan J. Connor Co. is now occupying
new and larger offices at 1346 Suburban
Station Building, Philadelphia 3, Pa.

Ram Electronics Sales Co., producer
of test-pattern tested flybacks, deflec~
tion yokes, width and linearity colls,
and other components for television,
has announced the appointment of
Stan Cluphf & Assoc., 4265 Santa Fe
Drive, Littleton, Col,, as sales reps for
the territory of Colorado, Utah, Wyom-
ing, Montana, New Mexico.

Pinkney & Hine, 522 Plymouth Build-
ing, Minneapolis, Minn., is the new
selling agency for technical products
of Allen B. DuMont Laboratories, Inc.
in North and South Dakota, Minnesota,
Northern Wisconsin and the Michigan
Peninsula area,

Harold A. Moyer, formerly assistant
sales manager of the Astatic Corp., has
announced his entry into the manufac-
turer’s representative fleld. He will
handle several accounts from the late
Ray Schottenberg and will cover the
middle Atlantic area. Present address
is P. O. Box 14, Haddonfield, N. J.

Samuel C. Hooker, 397 Highland Ave.,
Winchester, Mass., has been appointed
sales representative in the New England
States for the Hammarlund Manufac-
turing Co., Inc., of New York City.

Stanley K. Wallace Sales Agency of
Lutz, Fla., whose activities cover the
states of Alabama, Florida, Georgia,
Mississippi, North & South Carolina,
Tennessee and Virginia, have relin-
quished all automotive lines. Hence-
forth, all sales activities will be con-
centrated on electronic lines.
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Crosstalk

(Continued from page 81)
sible to include some unbalanced

circuits in the system, provided the -

level is not too high, although this
is always a rather dangerous prac-
tice, The main unbalanced circuits
in the C.B.C. installation were firstly
the main switching system itself,
which was equipped with repeating
coils on both inputs and outputs so
that the area of unbalance could be
strictly localized, and secondly, the
cueing system in which the unbal-
anced circuits made the trip "down
to the distribution frame and back
without apparently causing any
trouble, but this must be regarded

Fig. 5: The "Whiffiedink™ is a differential
ohmmeter for detfecling grounded tonductors

more ag good luck than sood man-
agement. In all cases where un-
balanced circuits are used, consider-
able care must be taken in laying
out the common ground in order {o
reduce to a minimum the area of
any loops formed. In general, the
program and ground leads should be
be carried along together wherever
possible,

Of the 180 amplifiers in the Master
Control Equipment, all but five have
bridging inputs, with impedances in
the range between 15000 and 20000
ohms, At first, this was attained by
the use of series resistors in each
leg of the input circuit, feeding a
o000 ohm winding on the input
transformer. As this winding was
neither center tapped nor shielded,
this arrangement caused a great deal
of trouble, which was not cured
until the wiring had been changed
to provide a 20,000 ohm winding,
without any series resistors. Another
possible source of crosstalk in instal-~
lations which include several ampli-
fiers is magnetic pickup from the
output transformer of one amplifier
to the input transformer of another.
This can be avoided either by adas-
quate magnetic shielding, or by the
adoption of humbucking construc-
tion or both.

To conclude this brief survey of
ways of avoiding crosstalk, we may
indicate the results which were

(Continued on page 167)
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e s Wire Lead Micas

with 500 times better

moeisture resistance

than ever before!f

Sangamo HUMIbITITE* Mica Capacitors

When you use Sangamo HUMIDITITE
molded Mica Capacitors, you gain all the %
advantages of an amazing moisture seal \
that offers previously unheard-of moisture
resistance characteristics for compression
molded plastic-encased mica capacitor
componeits.

*what is HUMIDITITE?

Humiditite is a remarkable new plastic molding compound,
developed by Sangamo, that gives Sangamo Mica Capacitors
moisture resistance properties far superior to any others on
the market.

HERE'S THE PROOF . .. The standard mois-
ture resistance test described in
MIL-C-5A (proposed) Specification re-
quires mica capacitors to offer at least
100 megohms of insulation resistance
after ten 24 hour cycles in a humidity

S N ‘ chamber at 909, to 959, relative humid-
\"-\_ QM SN ity. The best competitive micas barely

W meet this requirement . . . but Sangamo
. : HUMIDITITE Micas, under the same
conditions, all tested In excess of 50,000
megohms! Continued tests, over and
above requirements, with the same
HUMIDITITE Micas, proved them
capable of withstanding from 21 to 52
cycles (from the smallest sizes to the
largest) before failure.

Humiditite is just another example of
the advanced engineering that enables
Sangamo to meet the existing and future
needs of the electronic industry. For
additional information about HUMIDI-
TITE, write for Engineering Bulletin
No. TS-111.

ELECTRIC COMPANY
MARION, ILLINOIS scss
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we don’t shrink heads...
but we do shrink

Fandlarmors

If you think Jivaro Indians were experts at

shrinking things . . . (human heads, that is) . ..
look what STANCOR engineers have done with
transistor transformers! Recently they

designed and are now producing the smallest
transformer ever built!

How big is this new transformer? Well, it’s just
147 x 34" x 34" and it weighs only 0.07

ounce, Designed especially for transistor
applications, this unit is no larger than the
transistor it powers.

It is one of a series of transistor transformers,
being built by Stancor, for development and
commercial applications. If you are planning to
use transistors, take advantage of Stancor’s
knowledge of engineering and manufacturing of
ultra-miniature transformers.

STANCOR
TRANSISTOR
TRANSFORMERS

These stock transistor transformers are available
through your Stancor distributor:

TYPE APPLICATION PRL IMP, | SEC. IMP.

|
Um-110 Interstage ‘) 20,000 1,000
UM-111 Qutput or matching ; 1,000 60
UM-112 | High imp. mic. to
emitter 200,000 1,000

QOther transistor transformers, built to your special
requirements, are available for original equipment
production only. Write for Bulletin 462.

STANCOR TINYTRANS
Miniature, cased audio tronsformers

Here are four new cataloged high fidelity transformers
for use where space is at a premium. These units have
a frequency response of +1 db, 30-20,000 cps. They
are impregnated and sealed in a 74" square, drawn
aluminum c¢an, with '¢” terminals mounted on a
phenolic terminal board. Total height is 114",

TYPE APPLICATION | PRI IMP. SEC. IMP,
TT-11 | Mic., pickvp or line | 50, 200/250, | 50,000
o singie grid. 500/400

TT-12 Mic., pickup or line | 50, 200/250, 50,000
ta push-pull grids. | 500/400

TT-13 | Dynemic mic., to 7.5/30 50,000
single grid. .

TT-14 Single plate to 15,000 40,000
single grid.

STANDARD TRANSFORMER CORPORATION

3572 ELSTON AVENUE o CHICAGO 18, ILLINOIS
EXPORT SALES: Roburn Agencies, Inc., 39 Warren Street, New York 7, N. Y.

Leslie Norde has joined the Ham-
marlund Manufacturing Co.,, Inc. of
New York City as chief receiver en-
gineer. He was formerly senior proj-
ect engineer at Northern Radio Corp.

Arthur L. Chapman has assumed the
newly-created post of vice president in
charge of electronics operations of

Arthur L. Chapman

Sylvania Electric Products, Inc. He will
be responsible for the operations of
Sylvania’s radio and television, parts,
electronics, radio tube and television
picture tube divisions.

Terrell W. “Tex” Kirksey has been
named chief engineer of KDUB-TV,
new DuMont equipped station in Lub-
bock, Texas. He was formerly a sales
engineering consultant for Allen B. Du
Mont Laboratories, Inc. in the Seouth-
west.

Henry F. McKenney has been named
chief engineer of the Ford Instrument
Co., division of the Sperry Corp. Form-

Henry F. McKenney

erly he specialized in airborne equip-
ment and holds four patents with eight
more pending on magnetic amplifiers,
servomechanisms and electronic equip-
ment.

John Silver, general manager of
Motorola’s communications and elec-
tronics division, has been named vice-
president in charge of operations, com-
munications and electronics division. He
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came to Motorola in 1944 and was ap-
pointed general manager of communi=
cations and electronics in 1949. Prior
afliliations included 12 years in engin-
eering with Crosley Radio Corp., and
several years as chief production en-
gineer for Collins Radio Co., Cedar
Rapids, Iowa.

Henry Fogel, formerly manager of
commerclal products division for the
Radio Receptor Co., Inc., has been ap-
pointed president of Granco Products,
Inc., 36-17 20th Ave., Long Island City
5, N. Y. The company was recently or-
ganized for the design, manufacture
and distribution of converters for ultra
high frequency television reception and
UHF measuring instruments.

R. W. Clark who has been appointed
director of engineering for KONA-TV
at Honoluluy, has been associated with
NBC radio and television networks for
the past 22 years. In 1945, he was TV
operations supervisor for NBC in New
York. In 1948, he was transferred to
Hollywood to become manager of
NBC’s television technical operations
and to put KNBH television on the air.

Leonard A. Reoney has been ap-
pointed manager of communication
equipment sales of Raytheon Manu-

Leonurd A. Rooney

facturing Co., Waltham, Mass. He will
re responsible for all sales of Raytheon
communication and television micro-
wave link equipment.

Matthew T. Lebenbaum has been ap-
pointed supervisor of the newly formed
applied electronics section in the re-
search and engineering division of Air-
lkorne Instruments Laboratory, Inc.,
Mineola, L. I, N. ¥. Peter D. Strum has
been appointed assistant supervising
engineer of the new section.

L. E. Ashman has been elected presi-
dent and a director of Air Asscciates,
Inc., 25-year old firm manufacturiag
aircraft parts and special purpose elec-
tronic equipment. Previously, he was
executive wvice president of the Rock-
well Mfg. Co.

William A. Damerel has been ap-
pointed vice president of La Pointe
Electronics Inc. Milby M. Hancock,
formerly general manager of the con-
cern, has been elevated to the position
cf assistant to the president.

Roebert J. Rorden has been appointed
chief engineer for Gertsch products,
Inc.,, Los Angeles. Previous affiliations
were with Point Mugu government
projects and Dalme Victor Co., San Car-
los.

’ TUBE “

SOCKET

Among recent additions to the METHODE
line are @ 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

“Fwist-on’’ Tube
Shield Bases

“Twist-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 confaci with printed con-
ductors, eosily supplemented by
solder dip operations. Insula-
tors are heai resistant black
phenolic and hardware is
cadmium plated copper
base alloy. Available
with or without tube
shield terminals,
ground straps, and
jumper bars.

!

I.uminufe-d. -Miniature
Tube Sockets

With softer alloy tube pins resulting from mate-
rial conservation measures, the wiping action of
METHODE laminated miniature socket contacts provides
uniform withdrawal of tubes without breakage, stress
or damaoge to pins ... . .

Industry may look to METHODE for further alectro-mechanical develop-

ments to assist in. meeling the problems of increased complexity of new
radio, television and communications equipment. Consultation is invited on
wiring device applicotions which involve large production requirements or
will meet an industry-wide need.

L]

METHODE Manufacturing Corp.

2021 West Churchill Street * Chicago 47, lllinois

District Sales Offices:

Indiana, Ghio, Michigan Texdas, Oklahoma

V. C. Macnobb  Indianapolis E. F. Aymond Co. Dallas Tulsa
R. L. Colfax Fort Woyne New England
California, Arizona Gearber Sales Co. Boston WMNew Haven

W. 5. Harmon
New York State

M. P. Andrews Fayetteville [Syracusel
Pennsylvania, Souvthern New Jersey

D. 7. Cooper Glenside (Philadelphia)

New York City, Northern New Jersey
G. A. Boeck Mountain Lakes, N. J,

Los Angeles Washington, Maryland, Virginia

J. W. Whitfield Waoshington, D. C.
; Canado
Keily-Heenan Co.
Overseas Export
Sylvan Ginsbury
A West 40th Street, New York, M. Y.

Toronte
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Junction Transistors
(Continued from page 99)

each millampere of emitter current
provides 23 ma/volt of control. It is
apparent that careful stabilization of
the operating point is reguired in
order to utilize the transistor capa-
bilities. For comparison, vacuum
tubes have a theoretical transcon-
ductance-to-cathode current ratio of
11.6 although in practice this ratic
is generally smaller than 1.

The manner in which the trans-
conductance of the transistor varies
with  base-to-emitter voltage is
shown in Fig. 7 which may be com-
pared mentally with vacuum-tube
transconductance curves. It is seen

TEST SIGNAL
o

CIFFERENTIAL NULL INDICATOR

Fig. 9: Output admittance hridge test set

that the transconductance has at-
tractively large values. Returning to
Fig. 6, a few other quantities in con-
nection with this transistor are of
interest. The forward current ampli-
fication factor is —43.6; the forward
voltage amplification factor is —2,520;
and the forward power amplification
factor is 27,600. The reverse current
amplification factor is 0.085. the re-
verse voltage amplification factor is
1.48x102, and the reverse power am-
plification factor is 31.4x10-% As a
matter of interest in so far as the
application of this transistor is con-
cerned, if both input and output are
matched for maximum power ampli-
fication, the input resistance is 438
ohms and the output resistance is
23,300 ohms. The maximum forward
power amplification is 40 db.

8}

i
i
@
¥
i
*

See Us ot the Radio Engineering Show, Booth 4-613 Components Avenue

Medium-Freqguencies

As indicated before, the reactive
effects of a junction transistor be-
come significant at medium frequen-
cies. It is therefore important to
C L o S I ﬁ G D A T E s measure the admittance parameters
as a function of frequency. This can
be done by means of bridge circuits
in which both real and reactive com-
ponents are balanced and measured.

TELE-TECH

25”1 of second month preceding date of issue, for all ads requiring
proois, composition, foundry work, key chonges, etc.

15t of preceding month for complete plotes only—no setting. For laboratory purposes, it has been

convenient to build four separate

20-|-h of preceding month—Publication Date. bridges rather than to build one

' equipment as was the case for the

Cancellations not occepted after 1st of preceding manth. General Radio Co. wvacuum-tube

bridge. The general arrangement for

Caldwell-Clements, Inc., 480 iexincron avenue, New vork 17 the y,,. admittance bridge is shown
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in Fig. 8 It is seen that this is a con-
ventional bridge arrangement with
an unbalanced signal source and a
balanced null indicator. R, and R,
need not be equal, but it is generally
convenient to make them identical
in which case the values of the y,,,
network elements will be the same
as the transistor values. R, can gen-
erally be chosen large enough so that
it has negligible effect on the bridge
measurement. If desired, it too can
be balanced out by connecting an
identical resistor in the y,,, network.
The y .. admittance bridge is similar
to the y,,. admittance bridge and is
shown in Fig. 9. The same comments
made concerning the y,,, admittance
bridge apply for the y,., admittance
bridge.

The y.,, admittance bridge shown
in Fig. 10, since it measures trans-
fer admittance rather than self ad-
mittance, is somewhat different
from the preceding two bridges. In
the v.. admittance bridge, a test
signal is introduced between the base
and emitter of the transistor. This
signal gives rise to a collector cur-
rent which produces a signal across
R,. Since there is a phase reversal
through the transistor, the signal
across R, can be balanced out by
introducing a current directly from
the test signal through a suitably

Ajihb—

Vee

TEST SIGNAL -
- R, NULL
—’j INDICATOR
T !

Fig. 10: Forward transfer admittonce bridge

Vene network. The y,. network is
adjusted until no signal appears
across R, at which time the collector
is short-circuited and y,. is given
by the value of the y, network ele-
ments. The y,. admittance bridge
shown in Fig. 11 is similar to the y .,
admittance bridge. The main dif-
ference is that the short-circuited
base current is in-phase with the
collector-to-emitter voltage so that
an accurately balanced test signal
is required in order to operate the
bridge.

The bridge admittance networks
can consist of a resistive and a reac-
iive element for point-by-point
measurements. It is sometimes pos-
sible to have the admittance network
approximately duplicate the tran-
sistor admittance in which event, the
admittance network is a correct
representation over a large f{fre-
quency range. For this type of meas-

{Continued on page 157)
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meres A iMGIgNEcorder
FOR EVERY &Mwm/cafloxzf
/0/0/7//0/7@

I-, 2-, and now
4-channel Magnecorder

ONE-CHANNEL MAGNECORDER —long accepted
as the standard professional tape.recorder
in the communications and broadcast fields.
Conversion kits quickly adapt your equip-
ment for all special purposes.

e e e — e s o v r—

ONE-CHANNEL PORTABLE— the new VOYAGER, a
one-case truly portable recorder of professional
quality. A standard PT6-AIl Magnecorder is
mounted back-to-back with line level am-
plifier which swings forward for instant use.
Unsurpassed for remotes or field tests, Light-
weight. rugged, reliable.

TWO CHANNELS — The acclaimed new
Binaural Magnecorder provides either
two-channel monitoring or brilliantly real-
istic 3-dimerisional sound on one tape. Two
simultaneous tracks accurately reproduce
separate sounds or can provide stereo depth
and direction, permitting one sound to be
identified among many. The versatile dual
channels can also be used for separate
two channel communications monitoring.

FOUR CHANNEI.S The first automatic continuous recorder that monitors
up to four channels at once on a standard ¥” tape. Originally engineered
and JANized for the CAA, it is adaptable for utilities and carriers, fire
and police calls, airports and civil defense,

;I Visit us af the I, R, E. Show Audio-Theatres, 301-303.

INC.

225 West Ohio Street, Dept, TT3 - Chicage 10, lllinois
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Constantly in Use . . .

the 1953

ELECTRONIC INDUSTRIES

. .. the Directory for the engineers who annually specify

Here's Why the 1953 ELECTRONIC INDUSTRIES
DIRECTORY 1is Constantly in Use—

+ COMPLETE PRODUCT -LISTINGS

More than 1,900 different types of electronic end
allied products are listed . . . so you can find who

makes the product you need—instantly. No other

directory lists so many products. No other directory
lists them in a way you can use so fast,

- EXTENSIVE TRADE NAME LISTINGS

Contains thousands of frade names of electronic
and allied products—the most comprehensive
trade name lists ever compiled in this industry,

Makes it as easy as A-B-C to find the manufac-
turer when you know only the trade name.

+ UP-TO-DATE LIST OF MANUFACTURERS

Lists thousands of manufacturers in the electrenic
and allied industries—about o thousand more
than in the next best directory listing. A great
many manufacturers are listed for the first time in

any directory—thanks to the tireless field investi-
gations and constant scrutiny of new firms by the
editors of TELE-TECH.

+ EXCLUSIVE LIST OF ELECTRON!IC REPRESENTATIVES

This is the only list in any directory devoted ex-
clusively to electronic representatives. Arranged
alphabetically according to states and cities, it
gives the names, addresses, and telephone num-

bers of all independent ‘‘reps” throughout the
country. It is the most complefe and avuthoritative
representatives list ever published.

- GEOGRAPHICAL LIST OF DISTRIBUTORS

This is a complete interfiling of distributors—giving
names of firms and their owners or managers,
addresses, telephone numbers, and ftypes and

products handled. This complete and accurate list
of electronic distributors is arranged alphabetically
under states and cities.

> EXCLUS!VE LIST OF CONSULTING ENGINEERS

The 1953 ELECTRONIC INDUSTRIES DIRECTORY is
the only directory in the field publishing a list ccm-
posed exclusively of consulting engineers spe-
cializing in the many electronic fields. Of the hun-

« EXCLUSIVE LIST OF

This is the first time that the names, addresses
—and the names of the presidents and secretaries

—of all the engineering societies in the electronic

and allied industries, have been gathered in che

dreds of thousands of engineers in America, these
are the men you would call in to help you with
your engineering problems. Names, addresses,
and telephone numbers are given,

ENGINEERING SOCIETIES

place. Now, when you want a technical paper or
information from a society, you don’t have to en-
gage in a long, laborious hunt to find the officers’
names and addresses—it's all at your fingertips.

CALDWELL-CLEMENTS Inc. 480 Lexington Avenue, New York 17, N. Y.
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RECTORY

Because It's Constantly Useful

a section of the regular June, 1953

issue of TELE-TECH

more than $5,000,000,000 worth of electronic equipment

Here's Why the 1953 ELECTRONIC INDUSTRIES
DIRECTORY Is Constantly Selling for

THE MANUFACTURER

Because the 1953 Electronic Industries Direciory
lists more products, more trade names, more manu-
facturers . . . because it’s far and away the most
complete, accurate, and up-to-the-minufe Direc-
tory ever compiled . . . and because it’s so simple
and fasi to use—this Directory is the reference
book of the field.

The 1953 Electronic Indusfries Direcfory is con-
stantly used by the men whose responsibility it is
to specify products like yours, And it is these men

—the 21,000 top electronic engineer in the na-
tion—who receive the Directory issue of TELE-
TECH, just as they receive every issue of TELE-
TECH each month,

So, your advertisement in the Directory issue of
TELE-TECH gets to the right people «t the right
moment—to the men who can buy, just when they
are buying. Reserve your space now for year-
round sales!

THE REPRESENTATIVE

Because no other directory lists manufacturers’
representatives exclusively, this is the Directory
that's a must to the manufacturer seeking rep-
resentation. With competition for the right line
growing increasingly severe, your advertisement

in the 1953 Elecfronic Industries Directory can tip
the balance in your favor. Take advantage of this
vnigque marketplace for your services. Reserve
space today!

THE DISTRIBUTOR

Because this geographical listing of distribuiors
can’t be beat by any other directory, manufactur-
ers and dealers will constantly use these pages
for distributor information. Your adveriisement will
promote your lines . . . bring in new accounts and

customers . . . tell manufacturers about your facili-
ties . . . increase your profits. Be sure that you're
“in”’ the 1953 Electronic Industries Direciory by
geiting your space reservation in now!

THE CONSULTING ENGINEER

There’s just no other source in this field that lists
consuiting elecironic engineers—and consulting
electronic engineers alone. The manufacturer who
needs a consulting engineer uses these pages to

plus

make his selection. You ¢an help him seleci you
with your advertisement that helps introduce your
services to your client . . . build your prestige.
Sending us your reservation for space today!

the shortest distance between the focal representative and
21,000 buyers . . .

the new, exclusive

LOCALIZER INDEX

For the first time in a directory of this kind a manvfacturer can list his local representatives, his branch
and regional offices, and his executive and regional personnel—right under his own alphabefical
listing—right where 21,000 buying-minded engineers want to see if. Minimizes long-distance

telephone and telegraph charges . . .

tuts correspondence . .

. increases inguiries . . . speeds services

. . . gets new orders, more orders. Be sure your representatives are listed in the LOCALIZER INDEX!
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Rough Treatmen! FOR A CRYSTAL...

517}’:!95;.

eQUivalens fo " %€, Stress

56 pujy
That Kind of fesfing is

just one of the reasons why

*TYPE ML-1A
RANGE:
2.0—15.0 mc

Supplied per Mil
type CR-1A when
specified.

*TYPE ML-4
RANGE:
1.0—-10.0 mc

Supplied per Mil
type CR-6; CR-6;
CR-8; CR-10 when
specified.

name

*TYPE ML-6
RANGE:
1.4=75.0 me
Supplied per Mil
type CR-18: CR-19;
CR-23: CR-27; CR-
28; CR-32; CR-33;
CR-35: CR-35 when
specified.

i
i

i

Yes, we get tough with our Midland crystals.
You expect best performance, and we make sure
you get it when you use Midland crystals for all
your frequency control needs. The final test pictured
above is just one of many quality checks we make
at every step of Midland processing.

Midland Quality Control starts with the raw
quartz. Using optical viewing equipment of high
., accuracy, we select only the “cream of the crystal
" crop.” Then, as the crystal proceeds through the
various steps of cutting, slicing, lapping, etching,
plating, and sealing, it is checked repeatedly to turn
up any defect that might develop.

Stability, accuracy, high output, long life —

anything about a crystal that makes it a

better performer for you, and we guarantee you'll
get it in fullest measure with Midland.

WHATEVER YOUR CRYSTAL NEED —
CONVENTIONAL OR SPECIALIZED ...

When It Has To Be EXACTLY RIGHT..

.Contact

Widtind

MANUFACTURING CO.,

3155 Fiberglas Road ¢ Kansas Cliy, Kansas

See Us at the Radio Engineering Show, Booth 4-613 Componenis Avenue

The right part when you need if, for service

This permanent, hard cover Official Buying
Guide of the electronic-TV parts and equip-
ment industry with its comprehensive de-
tailed index, eliminates the need for main-

" taining files of small catalogs and manulac-

turers’ literature. RADIO’S MASTER cat.alogs
90%, of TV and electronic
equipment. Nol merely
part number listings—
comPIcte descriptions,
specifications and illus-
trations written and
compiled by each manu-
facturer. Epables you to
make comparisons or
substitutions right now!

Ho More
Files of
Smatl
Catzlogs ane¢
Locse

: Literatyre

s 1220 pages Publisher’s price
e 80,000 items throu hw ggr—w’"f price (NITED CATALDE PUBLISHERS, INC.
e 8,000illustrations  regular parts $l 95 110 Lafoyette St., New York 13
® 8'x11"— 5 Ibs. déstributor .
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Coming Events

See also  ‘‘Steflar Events’’ on opposite poge

March 10-11—SPI Annual Conference,
Canadian Chapter, General Brock
Hotel, Niagara Falls, Canada.

March 18-20—ASTE 21st Annual Meet-
ing, Statler Hotel, Detroit, Mich.

March 19-20—NCIG Conference on In-
strumentation, Michigan State Col-
lege, E. Lansing, Mich.

March 23-26—IRE National Conven-
tion, Grand Central Palace & Wal-
dorf-Astoria Hotel, New York, N. Y.

April 12-16—Electrochemical Society,
International Meeting, New York,
N. Y.

April 18—Cincinnati  Section, IRE,
Seventh Annual Spring Technical
Conference, Cincinnati, Ohio.

April 20-22—MPA, 9th Annual Meet-
ing, Cleveland, Ohio.

April 23-24—IRE Prof. Group on Cir-
cuit Theory, International Symposium
on Nonlinear Circuit Analysis, En-
gineering Societies Bldg., New York,
N. Y.

April 26-30—SMPTE 73rd Convention,
Hotel Statler, Los Angeles, Calif.
April 28-May 1—7th Annual NARTB
Broadcast Engineering Conference,
Burdette Hall, Philharmonic Audi-

torium, Los Angeles, Calif.

April 29-May 1—Electronic Compo-
nents Symposium, Shakespeare Club,
Pasadena, Calif.

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

May 18-21-—FElectronic Parts Show,
Conrad Hilton Hotel, Chicago, Ill.

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

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

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

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

Sept. 21-25—ISA 8th National Instru-
ment Exhibit, Sherman Hotel, Chi-
cago, I1l.

AES: Audio Engineering Society

AIEE: American Institute of Electrical
Engineers

ASTE: American Society of Tool Engineers

IRE: Institute of Radio Engineers

ISA: Instrument Society of America

MPA: Metal Powder Assoc.

NARTB: National Association Radio and
Television Broadcasters

NCIG: National Collegiate-Industry-Govern-

ment
SMPTE: Soc. of Motion Picture and TV
Engineers

SPI: Society of the Plastic Industry

New Special Effects Firm

A new firm for handling TV special
effects equipment has been formed.
Special Effects & Equipment, Inc., 418
W. 54 St., New York 19, N. Y., will
provide products and services fo sta-
tions, film producers and agencies.
SEE formerly constituted the special
effects division of Audio & Video Prod-
ucts Corp., but is presently not con-
nected with that company.

March 1953
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Stellar Electronic
Evenfs Ahead

The striking graphic display on the
front cover might well be called the
Constellation of the Electronic Indus-
tries, for it represents the numerous or-
ganizations whose efforts chart the
course of the industry and guide its fu-
ture growth. As is explained on page
one, the following list (tracing the stars
on the cover from top to bottom) pre-
sents in detail the names, their con-
tractions, and primary meetings sched-
uled for the stellar groups.

APCO—Associated Police Communication OQOfficers
—Mational Conference, Aug,, 1553

_PMA—Phonograph Manufacturers Assoc., Inc.—
Annual Meeting, July 4, 1953

ABS—Audie  Engineering Society—Sth  Annual
Convention & Audio Fair, DOct. 13-156, 1953,
Hotel New Yorker, New York City

REPS—The Representatives —- National Meeting,
May, 1953, Conrad Hilten Hetel, Chicago

iAS—lInstitute of the Aeronautical Sciences,

Summer Meeting, July 15-16, 1953, Los Angeles

Assoc. — National
1953 Waldorf-Asteria

ASA—American  Standards
Meeting, Oct. 19-21,
Hotel, New York City

ASTM-—~American Secielty for Testing Materials—
Annual Meefing, June 27-July 3, 1953, Chel-
fonte-Hadden Hail, Atlantic City, N. J.

RIAA—Record Industry Assoc. of America-—An-

nual Meeting, Feb., 1954

Conference—9th Na-
28-30, 1953, Hotel

Elecironics
Sepf.

NEC—National
tional Conference,
Sherman, Chicage

RIMA—Radie and Television Manufacturers Assoc,
—Annyal Conventien, June 15-18, 1953, Palmer
House, Chicage

AFCA-—Armed Forces Communications Assoc.—7th
Annuval Convention, May 14-16, 1953, Daylon,
Ohio

IRE—Institute of Radic Engineers—National Con-
vention and Show, March 23-256, 1953, Waldorf-
Astoria Hotel and Grand Central Palace, New
York City

ISA—=fnstrument Society of America—8th National

Conference wond Exhibit, Sept. 21-25, 1953,
Hote! Sherman, Chicage

RCA—Radie Club of America—Annual Banquef,
Dec. 1953

VWCEMA—West Coast Electronic  Manufacturers
Assoc.-—Western Electronic Show and Cenven-

tion, Avg. 19-21,
San Francisco

1953, Municipal Acditorium,

Ass50C.—
1953,

Distributors
Sept. 14-17,

NEDA—Mational Electronic
4th  Annual Convention,
Chase Hotel, §t. Louis, Mo.

NARTB—Nationa! Assoc. of Radio and Televisien
Broadeasters—7th  Annval Broadcasting  Engi-
neering Conference, April 28-May 1, 1933, Phil-
harmonic Auditorium, Los Angeles

AlEE—American Institute of Electrical Engineers—
Surmmer General Meeting, June 15-19, 1953,
Atlantic City, N. J.

SMPTE—Society of Motion Ficture and Television
Engineers—73¢d Convention, April 27-May 1,
1953, Hotel Statler, Los Angeles

Communications

AFCCE—Association of Federai

Consufting Engineers

ACM—Assoe, for Computing Machinery—Compu-
ter Conference, Dec. 1953

NAED—National Assoc. of Electrical Distributors—
45th Annval Convention, May 24-28, 1953, Con-
rad Hilton Hotel, Chicago

NEMA—Wational Electrical Manufacturers Assoc.—
National Convention, Nov. 2-12, 1953, Haddon
Hall Hotel, Atlantic City, N, J.

NSPE—National %ociety of Professional Engineers
—Annuai Meeting, June 18-20, 1953, Shearton-
Plaza Hotel, Daytona Beach, Fla.

ES—Electrechemical Society—Iinternational Meeting,
April 12-16, 1953, Statler Hotel, New York City
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USE MICROWAVES . ..

This self-contained, compact, versatile

WAVEMETER TEST SET

can help you

IF YOU

Now, with one easy-to-carry instrument, you can determine
the frequency of both pulsed and c-w microwave systems . . .
you can make accurate measurements by both transmission and
reaction methods. Because the new Wavemeter Test Set needs
no external power source, it is ideal for field work—equally
good for laboratory work! Its applicable range is from 2400
to 3400 megacycles. A low cost instrument—now in production,
and used by U. S. Signal Corps as #TS-117/GP.

Write us todoy for
Wavemeter Test Sei!

bulletin complete techpical dafa on the

giving

* Licensed under Sperry Patents,

ELECTRONICS DIVISION

AMERICAN ENCAUSTIC TILING COMPANY

909 Kenilworth Ave. Lansdale, Pa.

For broadcast studio master control and monitor switching of

audio and video circoits . . . intercoms telegraph
Q . . . computers . ., . many ofher applications.

Extreme flexibility. Fast and quiet switching
with low crosstalk level. Any group of setups
may be held intact while setting vp others.
Provision for spot or remote control.

ESTABLISHED 31838

crossbar

For details of
this truly

Model 10X10

Connects any of ien cir-

superior SW‘“Ch cuits in horizontal plane
wriie ! to any of ten wvertical,
JAMES CUNNINGHAM, SON & CO., Inc. DEPT. T-1 ROCHESTER 8, NEW YORK

i85
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Con e ”ﬂ Caldwell - Clements, Ine.
MARKETING AND
ENGINEERING SERVICES

to the Radio-Television-Electronic

it has to be!

'Industries

TELE-TECH
Top-ranking technical magazine in the 5-biliion
dollar radio, TV, communications, and elec-
tronic defense industries. Recognized for edi-
torial excellence. Circulation now Increased

to 21,000,
TELEVISION RETAILING

The sales-and-service publication for the radio,
television, appliance, and recording industries.
Two new sections: “Mart" {for prices and speci-
fications); "Technician” {for circuits, schemat-
ics).

ELECTRONIC INDUSTRIES DIRECTORY

Most complete, accurate, up-to-date directory
in the electrenic engineering field. New exclu-
sive Localizer Index lists representatives’
names, addresses, telephone numbers under
manufacturers’ alphabetical listing. Section of
regular issue of Tele-Tech.

DISTRIBUTORS’ DIRECTORY

Only directory of its kind with complete list-
ing of all radie, TV, and appliance distribu-
tors. Annual section of regular January issue
of Television Retailing.

REPRESENTATIVES’ DIRECTORY

Only alphabetical and geographical directory
mhnats . b . of manufacturers’ representatives selling elec-
Oeps through 10ke, tronic components and engineering equip-
el i e ment. Annual section of regular issues of
Television Retailing and Tele-Tech.

"'_-tt;;leui to. £.0015% i :
antund procedurs, S - MANUAL COMPANY

Special service to defense industries. Prepara-
tion of technical manuals, instruction books,
parts lists, drafting, illustrating. Technically
trained staff familiar with  Army-Navy-Air
Force policies and requirements.

DIRECT MAIL

oue part per million : Special mailing service for advertisers desiring
to supplement or intensify their space adver-
tising in Tele-Tech, Up-to-the-minute, per-
sonalized lists available in ten separate groups
of the TV-electronic field.

RIVERBANK LABDRATUR'ES i CALDWELL-CLEMENTS, INC.

DEPARTMENT UF E _ o ol : 5 480 Lexington Avenve, New York 17, N. Y.
GENEVA 1, JLINO) o
Send name and title on company lettérhead for catalog :ﬁow%’gﬂg
full line of forks and engineering data.

These champions -of
accuracy have tem-
perature coefficient

stability as high as

per degree centigrade.

Phone: Plaza 9-7880

156 YELE-TECH & ELECTRONIC INDUSTRIES ° March 1953

www americanradiohistorv com


www.americanradiohistory.com

Junction Transistors
{Continued from page 151}

urement, it is convenient to have a
square-wave or a swept-frequency
test signal so that the correct bal-
ance can be easily ascertained,

It desired, bridges can be de-
signed for the determination of the
current and voltage amplification
factors, but these bridges are not
necessary since these quantities can
be computed from the nodal admit-
tance parameters.

After the four nodal admittances
have been determined the perform-
ance of the transistor can be pre-
dicted at any frequency desired. In
many publications, the frequency
performance of the transistor has
been cited in terms of the frequency
characteristics of the current ampli-
fication factor. This is not a good in-
dex since as mentioned before, the
voltage amplification factor is of
equal importance. As a matter of
fact, the frequency characteristies of
a,, will generally give a pessimistic
aspect to the frequency performance
of the transistor. On the other hand,
the frequency characteristies of o,
will give an overly optimistic aspect
of the frequency performance of the
transistor.

Power Amplification

The only real criterion of the fre-
guency performance of a transistor is
the variation of the power amplifi-
cation. For maximum power ampli-
fication the conjugate admittance
match equations are as shown in
Table IIT. The important thing to
note in these equations is that the

NULL
R IMDICATOR

BALANCED
TEST

SIGNAL
Yece
NETWORK

Fig. 11: Reverse transfer admitionce bridge

forward power amplification is
proportional to the forward power
amplification factor. This factor can
therefore be used to considerable
advantage as a simple single index
of the frequency performance of the
transistor. The forward power
amplification factor im turn is
proportional to the square of the
magnitude of the forward transfer
admittance, V.., so that this nodal
parameter, the complex transcon-
ductance, will play an important
part in establishing the performance
of the transistor. :

Although considerable attention
has been focused upon transit-time
effects in the junction transistor, at
the moment, this is not the limiting
factor in its frequency performance.
It is relatively easy to construct
junction transistors with sufficiently
small base dimensions so that tran-
sit-time effects are not important up
to several megacycles per second.
In contrast, unless special precau-
tions are taken, reactive effects in
the junction transistor may be quite
significant at several kilocycles per
second.

By means of detailed measure-
ments of the admittance parameters
of junction transistors a clear picture

of their operation can be obtained.
In particular, these measurements
point out the construction factors
that now limit frequency perform-
ance. By this approach, junction
transistors have been made at the
RCA Laboratories with improved
frequency performance. These im-
proved junction transistors give sig-
nificant power amplification to over

10 wmc.

This paper presented at the National Electronics
Conference held in Chicago, Sept, 29—CQct, 1, 1952.

1 For additional details see L. J, Giacoletto, “Junc-
tion Transistor Equivalent Circuits and Vacuum
Tube Analogy,” Proceedings of I.R.E., pp. 1490-
1493 November, 1952. N.B. Figs. 1, 2, 3, 4, 6
and 7 are taken from this article.

2R. R. Law, C. W. Mueller, J. I. Pankove, and
L. D. Armstrong, “A Developmental Germanium
P-N-P Junction Transistors,” Proceedings of I.R.E.,
pp. 1352-1357, November, 1952.

A BEACON LAMP
JUST FAILED!

the new H. & P. Automatic Alarm
System for Tower Lighting

AND THE WARNING
GOES STRAIGHT TO
CENTRAL CONTROL

A PACKAGED URIT—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—It 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

nearest distributor.
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FCC REGULATIONS REQUIRE cither a
daily inspection of all tower lights
— or the installation of a dependable
automatic alarm system to signal
light failures. FCC also requires the
immedrate reporting of all lighe
failures. With statons in difficule
terrain, a daily light inspection by
personnel is costly. And full com-
pliance is nearly impossible: 24 hours
could elapse before discovering a
light failure!

HUGHEY & PHILUIPS Automaric Alarm
System pays for itself in a few months
because personnel inspection costs
are virtally eliminated. FCC com-
pliance is assured because all light
failures are immediately recorded ar
the control station.

HUGHEY & PHILLIPS
Tower lighting Division

Encino, Calif.

LEADERSHIP IN THE FIELD OF TOWER LIGHTIMG EQUIPMENT

157


www.americanradiohistory.com
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R.E 5'|@HA£
A . GEN KiT

519“’
gt E!
sc.op: 'Kn'!g

4352,
YOUR OWN : e

Heahkies are completely engineered in-
struments supplicd unassembled. Tvery
it goes wycther smoothly and casily.

Al drilling, punchiing, and painting huas

.l]rcf(-LlI'\' lwix_-L-n Tlunu l:{vr[}.killl, All [\.II[I[S are .BZAEY‘TIERY ! . ]
turnshe: Al oare o nehost gqualioy. = %
‘ At ELIMINATOR | \
Dewailed conscrvcdon muanual shows | KiT
early where cach wire and part goes i o
s24%

and tells exactly how o build the kit
Write for free catalog,

"HEATH COMPANY

BENTON HARBOR 24,
MICHIGAN
EXPORT AGENT

ROCKE INTERMATIONAL CORP.
13 Eosr alth Straet
HEW YORK CITY {14)

asmp mr msfek e
RIT s i - l

MILITARY COMPONENTS TO

NO. 1020 B NO. 1010

SPECIFICATIONS MIL-T-27 & ANE-19 MEGOHMMETER COMPARISON
DIRECT READING BRIDGE

AND COMMERCIAL TYPES

Pulse Transfermers
Filter Reactors
Charging Reacters
Saturable Reactors
Teroid Inductors
Low Pass Filters

Self-contained and A.C.
operated with electron- -
ically regulated sup-
ply. 1 megohm to 2
million megohms.

Self-contained and A.C.
operated. For rapid
and accurate test of
Resistors, Condensers
and Inductors.

OTHER FREED INSTRUMENTS

High Pass Filters NO.1030 Low Frequency Q. Indicator
Band Pass Filters NO. 1110A Incremental Inductance
Discriminators Bridge

Plate Transfermers ; ;

Power Transformers NO. 1150 Universal Bridge

Filament Transformers NO. 1170 D.C. Supply

Vibrater Transformers NO. 1210 Nult Detector and Vacuum
Input Transfermers . Tube Veoltmeter
H‘rtisgsrt@r%gnz;g'r‘:]f:rrsmers | NO.1140 Null Detector Amplifier
Output Transformers NO.1040 A.C.—-V.T. Voltmeter
Modulation Transformers NO.1250 Decade Condenser
Blocking Oscillater 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.

Hearing Aids Swifch
to Transistfors

The hearing aid industry is turning to
transistors to replace vacuum tubes. It
is predicted that the aids will increase
from 1,000,000 units now in use to
several million because of the better
perfermance and economy made pos~
sible with transistors. Most important,
the “B” battery and excessive drain
have been eliminated, bringing annual
battery replacement cost from $40

Photos (not to scale} show Sonotone aid (I},
first to employ one transistor in circvit, E. A,
Myers aid (r) uses three transistors. Parts
are magnetic mike, receiver and their magnets

down to $3. Tiny mercury batteries
with 2000-hour life are selling for $0.65,
or about 30 hours of operation for one
cent. Other features include elimination
of microphonics, increased gain (63 to
70 db at 1000 ces), small volume (3.3
cu. in)), light weight (2.8 to 3.75 oz.),
high saturation output (122 te 138 db),
and low distortion (under 2%). A
representative unit, one made by E.
A. Myers & Sons, sells for $285.

Top view of Maico aid shows partially open bat-
tery drawer. At center is magnetic microphone

Underside of Maico aid shows three Raytheon
CK718 transistors; is 2.66 x 1.88 x 0.67 in.
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are just two of the many plastic
components made by Anchor. Among
others are second anode contact
assemblies, stamped insulating parts,
complete insulating assemblies for
tri-color tubes and extruded channels,
rods and tubes.

ANCHOR INDUSTRIAL

COMPANTY

36-36 36th Street
Long Island City 6, N. Y.

FOR LONG LIFE IN LOW AMPERAGE
/ CIRCUITS THE GRAYHILL SERIES 4000
SINGLE-POLE, SINGLE THROW MOMENTARY
CONTACT, PUSH-BUTTON SWITCH IS IDEAL.
IT'S AVAILABLE EITHER NORMALLY OPEN OR
NORMALLY CLOSED. CONSERVATIVELY RATED
AT Y2 AMP,, 115 V.A.C.,, NON-INDUCTIVE.

GET DETAILS—Write
for the Grayhill
Catalog now.

4542 West Madison 5t., Chicago 24, lllinois
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To meet the strictest requirements of
both Government and Industry, specify

Precision made, easy to handle, easy to assemble — the \| 1IN69
tapered shape shows polarity ot o glance! Moke Radie IN70
Receptor Germanium Diodes your first choice in the large |

variety of electronic circuits where JAN types are a must. 1 IN81)

TYPICAL USES

COMPUTOR CIRCUITS
CLAMPING CIRCUITS
RF DETECTORS
(ONTROL CIRCUITS
DISCRIMINATORS
MODULATORS

NOISE ELIMINATORS
CLIPPERS

LEVEL SETTERS
RESTORER CIRCUITS

fE__

!}ETECERR« {
5 _& 5

= -
x“? m" :
i =

’tv JAN TYPES . ALL VALUES MEASURED AT 25°C.

'»'1: ACODE NO.| Min. Forward Max. Reverse “Average | TMinimum| Mox. Cont.
o Current af Current Rectitied Reverse Reverse
L 1 Yolt (MA} (Micro-Amperes) Current Yolts Operating

; (MA Mox.) Yolts
1 NG9 5.0 50 @~10v 40 75 60
; 850 (@-50v i
Rectification efficiency: 35% minimum in 100 MC fest circuit.
30 25 @-10v 30 125 100
300 @-50v
3.0 10 @-10v 30 50 40

* Average hall wave rectified
turrent at 60 CPS and 25°C.
Consult ws for ratings

at other tonditions.

tFor zero dynamic resistance.

Radio Receptor Herma-
nium Dicdes may hold
the answer to many of
your problems. Qur engi-
neers will be glad to
study your requirements
ond submit their recom-
mendations. Many other
types, both standard and
special, are availgble. ..
Write us!

GERMANIUM DIVISION

RADIO RECEPTOR COMPANY, Inc.

@ Since 1922 in Radio und Electronics @

SALES DEPARTMENT: 251 WEST 19TH STREET « NEW YORK 11, N. Y.
FACTORY: 84 NORTH 9TH STREET . BROOKLYN 11, N. Y,
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gireeers.. Q)ciertists...

Mechanical Engineers — Electrical Engineers

Servo Engineers — Aerodynamicists—Physicists —

Do You Know the MELPAR Story?

For complete information about the opportunities available
for qualified engineers and scieniists write o .

PERSONNEL DIRECTOR
melpar, inc.
The Research Laboratory of Westinghouse

Air Brake Co. and its subsidiaries

452 Swann Avenve, Alexandria, Virginia
or 10 Potter §t., Cambridge, Mass. '

Microwave
Assemblies,

Radar Gomponents,
and Precision
Instruments . . .
manufactured {o
your Blueprints
and Specifications,

See us at

BOOTH 2-212

Radio Engineering Show

MARCH 23-26
Grand Central Palace

New York City

_ N.R.K. MFG. & ENGINEERING €O.
4601 WEST ADDISON STREET * CHICAGO 41, ILLINOIS

CONELRAD

(Continued from page 85)
properly adjusted throughout the
group, and program and sequential
control lines are provided for each
member station. One at a time, in
non-cyclical sequence, each station
goes on the air for a random period
varying from 5 to 40 seconds. Since
one station comes on the air as an-
other goes off, there is no appreci-
able lost-air time or carrier overlap.
Furthermore, because all stations in
the group carry the same program,
there is no appreciable interruption
of program service. The type of
equipment to be used for control-
ling sequential switching and ac-
complishing self-supervision will be
mutually agreed upon by the mem-
ber station and the FCC,

On-Off Mode: The on-off mode
may be applied to individual sta-
tions operated by themselves, or to
groups being operated in the se-
quential mode as is illustrated in
Fig. 2. For individual stations, the
on-air time is about 10 seconds, and
the intervening time is of the order
of 30 minutes. When applied to
groups of stations, this mode will
permit the group on-air and off-air
times to be from 1 to 30 minutes
for each. As in the sequential
mode, power is adjusted by the FCC
to achieve CONELRAD objectives.

Pulsating Mode: With the pulsat-
ing mode, applicable to individual
stations or sequential groups, the
transmitter power of the station on
the air is varied over a 10 db range,
at a non-cyclical rate of about 10 to
45 seconds. In a given area such as a
city, if several stations are being op-
erated individually, all will carry
the same program provided by lines
from a common source.

Synchronous Mode: In the syn-
chronous mode, two or more stations
in a given area are on the air at the
same time, and with the same fre-
quency or frequencies. Power is ad-
justed so that no one station stands
out. If operated with a group of oth-
er stations, they are provided with
the same program source,

During alert periods, stations al-
lowed to operate may broadcast
other programs as they desire, on
their own responsibility, when not:
broadcasting civil defense messages.

Name Changed

The company name of the LaPointe
Plascomold Corp. has now been changed.:
to La Pointe Electronics, Inc, it was
announced by company president, Jer-
ome E. Respess. The name change will’
in no way affect the corporate struc-
ture of the Rockville, Conn, company
and Vee D-X will continue to be the
trademark of all its TV antennas.
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OBBIN

Y 7570 20% STRONGER ___
F GREATER INSULATION |
7 ‘mﬂrtkiﬂﬂﬁﬂf B
" PGETTER HEAT DISSIPATION.

NCREASED .
| MO/STURE RESISTANCE

PRECISION Coil Bobbins are constructed with utmost care and
are finished to your exact specifications. Only the finest mate-
rials are used.

Cores furnished in an infinite variety of sizes and shapes-—
kraft, fish paper, acetate, or combinations. Flanges cut to spe-
cification—plain or fitted with leads, slots or holes; emibossed or
recessed.

Send in speciﬁ_caﬁons for sample and request new Arbor List
of gver 1500 sizes.

2057 W. Charleston 54, Chicage 47, ill.

Plant Ne. 2, 79 Chopel 5t., Harifo:d, Conn.
Alsc Bffrs. of Precision Paper Tubes

. SOCKETS <
500 SERIES 4
" - Proven Quality! "y

Fr 5,00 V@ls, 5 pere

per Contact Alterable by cir-
cuit Characteristics.

5-506-DB
Socket with deep Bracke?

Socket contacts of phosphor bronze, knife-switch type, cadmium
plated. Plug contacis hard brass, cadnium plated. Made in 2,
4,6, 8, 10, and 12 contacts, Plugs and sockets polarized. Long
feakage path from ferminai, and terminal to ground. Caps and
brackets, steel parkerized {rust-proofed). Plug and socket blocks
interchangeable in eaps and brackets, Terminal connections most
accessible, Cap insulated with canvas bakelite.

Write for Jones BULLETIN 500 for full deiails on line.

~HowarDp B. JONES DIvisIoN

CINCH MANUFACTURING CORPORATION

CHICAGO 24, ILLINOIS
SUBSIDIARY OF UNITED-CARL FASTENER CORP,
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vou tell us

We design and manufacture the

world’s largest variety of indus-

trial slides, used mainly today in
electronic equipment. Pictured
is a typical example,
in which the slides

provide easy access
for servicing any component.
1. The component
can slide out fully,

200 pounds per pair. 2. The com-
ponent can be tilted
and locked at any

of several angles,
up to plus 90° or minus 90~
3. If desired, can

he entirely removed

and returned.

Does this suggest any new appli-
cations in your field? Tell us.

Grant Industrial Slides

a product of the engineering department
of Grant Pulley and Hardware Co.
31.75 Whitestone Purkway, Flushing, N. Y.

easily. Sustains up to
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A comprehensive, 48-page, key booklet is No. 4854, Chart of The Atqus, 19853 Edition.
. . . .y With fonmed-metal chart molding ai top and Bonth2137
furnished with each chart, It canl‘.orn.s a brief plom with eyelets for hanging, non-glare pro-
discourse on the atom and the periodic Tow, @ tective coating andf l_clgey bogklet. Each $7.50 Cnnventlﬂn
S . - No. 4854A. Chart of The Atoms, 1953 Edition. Grand Cent.
bibliography, a detailed explanation of the chart Mounted on a spring roller within a metal case, Pal~ce
data, numerous tables and graphs, and a large suitable for permanent wall mounting, nen-glare N.Y.C.
black and white reproduction of the charf. proteclive coated. and with key baoklet. Mar. 23-26
Each $15.00

W. M. WELCH SCIENTIFIC COMPANY

DIVISION OF W M WELCH MANUFACIURING C(OM
ESTABLISHED 1880
DEPT Y CHICACO 10.

1515 SEDGWICK STREET.

PANY

ILLINOIS. USA

TAKE NO CHANCES WITH
VITAL EQUIPMENT... Sgecy

SERIES 6918 or 6924

RACKS

by PAR-METAL

18%" or 24" DEEP, for 19" WIDE PANELS

70", or 77" high.

* Finished in Prime Coat, Black Wrinkle, Grey
Lacquer, Grey Wrinkle.

+ Series 6918 or 6924 Racks may be used in

* Panel Spaces: 61%",

“rows” or “gangs,” as corner trims are re-
movable from front of cabinet.

Standard shelves and reller trucks are manu-
factured by us for use with these Racks.
THESE RACKS ARE MODERATELY PRICED
and AVAILABLE FOR SHIPMENT FROM STCCK
Planning an electronic product? Consult Par-Metal for

RACKS « CABINETS
CHASSIS » PANELS

Remember, Par-Metal equipment is made by
electronic specialists, not just a sheet metal shop.

Qur P-6924 Rack as used by
(Gai-Tronics, Wnc., Reading, Pa.

3262 — 48th ST., LONG
Tel.: AStaria
Export Dept.:

WRITE FOR CATALOG !
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Rocke International Corp.
13 East 40 Street, New York 16, N, Y.

ISLAND CITY 3, N. Y.
8-8905

Air Coaxial
(Continued from page 84)
I K,

o= (7)
Ve 14 logry (ZaVef138)]

For undercut coaxial transmission
line the outer conductor remains
fixed and the inner conductor di-
ameter is reduced, with the result-
ant cutoff {requency given by the
following relationship, in terms of
the inside diameter of the outer con-
ductor of the air line:

Ti4 K,
p— — )
Ve DI A logy (=Za/d/138))

In terms of the outside diameter of
the inner conductor of the air line,
the cutoff frequency is given by:

734K,

- — - - - )

Ved [ logi i< T logi! 133 (1—\/"-’\]

For transmission lines of 50 ohms
iterative or characteristic impedance
the cutoff frequencies are given
below:

For the uniform air dielectric
line:

fo = 5350/D (10)
For the overcut coaxial line in the
region of the supporting structure:

17,2960 K,
ocfc =

(11)
VEDI1 +log;; (0.3624/¢)

For the undercut coaxial line in
the region of the supporting struc-
ture: (12)

7514 K,
\Jf_‘f'C =

Ve ' D (1 —+ log;, ( 036"\/e

For the specific cases of Teflon and
Polystyrene with relative dielectric
constants of 2.1 and 2544 respec-
tively, the following relationships
are used to compute the cutoff fre-
quency:

Overcut line containing Teflon:

ocfc - 282 X 103/D (13)

Overcut line containing Polystyrene:
sefe = 2.33 x 103/D (14)
Undercut line containing Teflon:
wefe = 4.10 X 103/D (15)
Undercut line containing Polysty-
rene:

wofe = 3.83 % 103/D (16)

Values of cutoff frequency calcu-
lated from Eq. 10, 13 through 16, for
the proposed standard sizes of co-
axial transmission line are given in
Table IL.

As the frequency of operation of
a coaxial, metallic conductor, trans-
mission line is reduced below sev-
eral megacycles, the magnetic field
energy stored in the metal walls of
the transmission line reflects itself
in an increase in the series induect-
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ance per unit length with a conse-
quent increase in the characteristic
impedance and a reduction of the
velocity of propagation. In practice,
the metal walls are sufficiently thick
so that propagation and reflection
effects exterior to the outer conduec-
tor do not influence the fields which
are excited within the coaxial trans-
mission line, The “depth of penetra-
tion” for non-ferromagnetic ma-
terials is given by the relationship:

(17)

For copper, 3, “the depth of pene-
tration,” has a value of 0.021 cm. at
a frequency as low at 0.1 mc. Thus,
any solid dielectric coaxial conduc-
tor having a thickness sufficient for
reasonable structural strength and
rigidity will have walls thicker than
three or four times the “depth of
penetration.” For the relatively low
frequencies being considered the
distributed parameter transmission
line solution is an excellent ap-
proximation for the transverse mag-
netic wave transmitted in such lines,
since the amount of displacement
current and the electric field energy
associated with the longitudinal
electric field at the wall and in the
space between conductors ig in-
significant.

The rate of change of transmission
line voltage, V, in the propagation
direction, s, is given by:

5 = 5.033v/p/f

dV/ds = 71 (18)

The series impedance, Z, is the
quantity which is affected by energy
storage in the walls at low frequency
operation. This, in turn, affects the
propagation constant:

v =VZY (19)

and the characteristic or iterative
impedance:

Z, =ZJY (20)

In the length, ds, the voltage drop,
—dV, may be considered to be made
up of two parts:

1. The normal TEM transmission
line voltage drop per unit length,

joLoI, from the magnetic field
between the conductors.
2. The voltage drop per wunit

length along the magnetic surfaces,
(ry+julLyI), where both conductors
are considered. For a coaxial trans-
mission line having a dielectrie with
a permeability equal to that of free
space, 4mX10-7 h/m, the inductance
per unit length, L, is given by: (21)

Lo =Z,/C = 10.3336 % 10-1 Z,) h/cm

The voltage drop at the metal sur-
face is analyzed in terms of mag-
(Continued on page 164)
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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
I. F. TRANSFORMERS . . . R. F. COILS . . . DISCRIMINATORS
SPEAKERS . .. TV TUNERS ... ION TRAPS . . . TRANSFORMERS

- DX RADIO PRODUCTS (0.

GENERAL OFFICES: 2300 W. ARMITAGE AVE., CHICAGO 47, ILL,

2. INDICATE LIVE CIRCUITS

1. FLASH WARNING SIGNALS
General Electric filament and neon glow lamps
on control panels quickly indicate “troublespots™
in circuit operations.

With a little G-E indicator lamp, operators can
tell at a glance whether electronic equipment is
operaling correctly.

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-3, Cleveland 12, Ohio.

GENERAL @D ELECTRIC
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VISIT OUR BOOTH
No. 3-513
AT THE I.R.E. SHOW

FUNGUS-PROOF

LACING CORD and
FLAT BRAIDED TAPE

Meets Army, Navy and Civilian “specs”

This sensational new development has

proved to be a boon to electronic

equipment. The special synthetic resin
coating on Heminway & Bartlett’s
Nylon Lacing Cord and Flat Braided

Tape resists the growth of mold and

micro-organisms — factors most often
responsible for the deterioration of
linen and cotton lacing cords and tapes.

They have high abrasion resistance
and low moisture absorption. The

finish has the desirable malleability of

wax and is non-toxic to humans.

We'll be glad to send you full
information and samples. Why not
write us today,

The Heminway & Bartlett Mfg. Co., 500 Fifth Avenue,

New York 36, Sales Offices: Chicago, Boston, St. Louis,
Philadelphia, Cincinnati, San Francisco, Charlotte, N, C,,

Gloversville, N, Y.

NOW! CUT COSTS! INCREASE PROFITS!
Save on POTS - TUBES - RESISTORS

1822 ... 2.00 | 100TH ... 7.95] Type EB— Y2 WATT
1824 ,... 9.50 | 304TH ... 6.75
2C39A .. 27.00 | 394A . ... 3.75 Type GB—1 WATT
240 ... 12.50 | 801A ... .35 Type HB—2 WATTS
2C43 ... 17,95 954 ... ., .25
2C51 . ... 5.75 955 ...... .35 Insulated
2D21 .... 1.35 956 ...... .35 RCo:rbon
esistors.
3Q4 ... ... .75 | 5654 .. 1.98 Standard
384 ..., 751 5670 . ... 5.50 R.M.A. Values,
5FP7 .... 3.49 | 5687 . 5.25 2%0 ohmsh to
megohms.
qubon Pofenﬁome— 6Al5 ... 1.35| 5702 ... 4.00 Money Back
6AKS ... .. 65| 5704 .... 2.50 Guarantee!
ters TYPE JU —[Jsaksw . 1.79| 5705 .... 1.50 Immediate
RATED AT 2 WATTS|eaks .... .99|5726 .... 2.10 enveny:
Shafts up to 2" long|éals ... 160 | 5744 ... 3.98
6AQ5 ... .50 5763 ... 1.500 yo0 watt  Toler- 100 to 500 to 1000
6AR6 .... 2,75 | 5787 .... 4.50 ance 499 999 & over
29 . ... .25
Tte3....1.10 2?:;/6 - ;1:05 3213 ;50 EB % 5% .08 .075 07T
cee 3 R 10% .04 .037 .035
6 'l'O ]1 LI 1:05 65G7W .. 3.75 8020 .... 1.25 . 4 03
121024 ... 1.00) 6507 ... .. 75 18025 ... 450§ 68 1 5% .14 12 11
6V6GT . ... .75 | 9004 . ... .35 10% .07 .06 .055
25 ) 717A ... 1.75 [ 9006 ..., BV wg 2 50 .18 16 16
725A . 5.95 ELC&) ... 7.50 10% 09 08 08
and | 07 ... 35 | ELC6C ... 13.95 cT '
over| e 246 ... 1.25
" TREMENDOUS STOCK
LOWEST PRICES
esisco Corporation | 'MMEDIATE 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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netic and electric fields tangential to
the surface of the metal conductor.
Within the metal conductor of the
transmission line, the magnetic field,
angularly directed as in the space
between the conductors, is given by:

Ho = H, [e=(5+i3) 7= 0

— E+(%+j;§) 17-%[]

The field in the metal decays very
rapidly from the place of initiation
inside the transmission line, allow-
ing for normal practical diameters,
the linear propagation formulas
given. Since for any nominal wall
thickness as has been previously
shown, the attenuation is sufficient
to hide any impedance effects, the
reflected wave can be set equal to
zero, Accordingly, at the internal
metal surfaces the intrinsic wave
impedance of the conducter is seen.
The longitudinal electric field at the
metal surface is given by:

Ez = fm Ho (23)

Where the intrinsic impedance, 0,
of the metal is given by:

1 1
T =R= +sz =_+J'—= (24}
do da

R, = 0.1987/p f (25)

The values of R,, the “skin effect
resistance,” and the values of &, the
“depth of penetration” for various
metals are plotted in Figs. 3 and 4.

For a length, ds, of transmission
line, the voltage drop at the inner
surface of conductors caused by the
intrinsic impedance is then given by:

(dV) = (ﬂm dS) Ho (26)
For outer conductor H,
(dV) = (9w ds) Ho (27)

For inner conductor H,
Where the angular magnetic fields
in these surfaces are given by:

H,=1/aD (28)
For ocuter conductor
H, =1/rd (29)

For inner conductor
The series impedances per unit
length introduced by the conduc-
tors is then:

Z=R/=sD+jR/=D (30)
For outer conductor
Z=R.,/rd+jR./xd (30

For inner conductor
The total series impedances intro-
duced by the intrinsic impedances
of both conductors and the magnetic
field in the gas filled space between
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them is given by the following re-
lationship:

Rs(l 1)

Z=—1—1+-

» D d (32)
R /1 1

BT
wr ND d

11 =
7 =00249/pf| —+ -)
Ve (D & 6|

+ [2_096 X 104 {7, i

1 1 {
+£0.0249 \/;Tf<— + ~>] ;
D d

For frequencies below several |
megacycles the primary effect of the ’
real part of the series impedance per E
unit length is to introduce attenua- [
tion. It can be seen from the ex- [E
planation given that the wall in- I

Complete, Competent

AND ANTENNA
ERECTION SERVICE

HERE'S WHY YOU SHOULD CALL| E. T.S.

Y EXPERIENCE—ETS has years of experience in the tower
erection field. Their recerd includes the erection and
installation of all type AM, FM, TV, micro-wave,
and communicafion towers of all kinds . . . through
the United Siates . . . large jobs and small jobs
. . . all handied with skill and satisfaction.

Y EQUIPMENT——ETS has o complete line of equipment
to handle your job, manned by skilled workmen
with proper engineer supervision. This assures you
satisfaction, speed, and highest guality workman-
ship.

Y DEPENDABILITY—ETS has an enviable record of de-
pendability. The ability to handle every detail of «
job from planning to final completion including an-
tenna mounting and coaxial cable instailation is
extremely desirable frem your standpoint.

For your lower erection needs call on ETS. Phone
us direct or have your contractor or supply house

ductance decreases inversely as the
size of the transmission line, as-
suming a constant diameter ratio,
that is, a constant inductance asso-
ciated with the space between the
conductors, '

For the frequency range under
consideration, the real part of the
series impedance is very small by
comparison to the imaginary por=-
tion. From a combination of Egs.
(20) and (33) the low frequency
characteristic impedance is ob-
tained:

S
Zs V Zo 4 TI8H2 z\/lﬁ(l_') +%) (34)

0.0249 \/7(% +ii)

|1 —=
2 Za + 11852 Z, ‘_e_(‘_ g
Yrio+ d)

00249 v pT (l " _l)
1 o

228+ sz z, \/{_T(L‘_) *Tﬂ
Thus, for all practical impedances,
in the frequency range under con-
sideration, the low frequency char-
acteristic impedance is given by:

. N8R 71T N
Zo=Z V| — \/"
° I — = {36)

Z, T o
The relative velocity of propaga-
tion, v'/C, is obtained from the rela-
tionghip:

f
<0001 — (35
z, J

Z,

, 1
RNy G

For 50 ohm transmission line, sub-
stituting Eqg. (5) into Eq. (36) and
(37), the following relationships are
obtained:

1 ETTR.
Zy =50y 1+ — pr (38)
D ¥

(Continued on page 166)

{37

contact us.

l Free brochure sent on request.

Tower installation illusirated here is station WSAU, Wausau, Wiscensin

ELECTRICAL TOWER SERVICE, INC. |

P. 0. BOX 1205 — PEORIA, ILL. —

—anywhere.

PHONE: PEORIA 3-9846

Installation and erection of all type towers—No finer service availabie

High permeadbility—low losses—
high operating induction—control-
lable air gap—Ilow assembly cost.
Permoflux CEE-CORs, made to exacting
electrical and mechanical tolerances from
orain-oriented silicon steel, are cores of high-
est permeability and lowest losses for trans-
formers and reactors requiring higher operat-
ing flux densities. Ideal for pulse, audio,
power and saturable core applications.
They are fabricated, under closely con-
trolled conditions, of l-mil, 2-mil, 4-mil or
12-mil silicon strip in a variety of core areas
and window sizes, After winding they are
heat treated and bonded, cut in halves, and
gap surfaces subjected to a special mono-
molecular rust inhibiting process. Following
precise mechanical and electrical tests under
actual operating conditions, the finished
cores in matched pairs are sealed in a plastic
for protection in shipment and long storage.
We invite your inquiries. Ask for electrical
and dimensional data sheets.,

TRADE maon

permorLux PERM@FLUX “corporation

“$OUND IN DESIGN"
4900 WEST GRAND AVENUE, CHICAGO 39, ILLINOIS

236 5. VERDUGO ROAD ® GLENDALE 5,
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1

Yo T84 o (39)
r vou neeop RESISTORS The hct\/i+ imEediges and

relative velocities computed from

Where unit measurement is € Egs. (38) and (39) are given in
Table II for the proposed standard

fhen ... LEGRI S COMPANY coaxial line sizes at frequencies of

0.1 and 1.0 mc.

since 1945 Resistors is our business Appendix A. The 75 Ohm Coaxial Line,

The following covers the essential rela-
tionships and tabulated data (see Table Ia)
and curves for 75 ohm coaxial, gas filled

ANY RES'STORS: transmission lines now in the process of
. . %taurldarchzia;tlolr::i ”{he followm(gi ftorra;llas have
- een numbered to correspond to the appro-
Fixed or varlf:ble {Allen-Bradley too) brfate” 30 Shim selshiondhip to the appro-
original text:
CCﬂ'bOI‘I or WII’eWOUHd For the cutoff frequency for TE:x mode in
1/8 watt or 300 watt the uniform airf dielsec;cgi/%line (75 oh(mg,)):
c = 9‘ i 10a
insula’red or not For overcut coaxial line (75 ohms) in the
region of the supporting struecture:
precision of V4 % or up to 20 % tolerance = 26,224 K (11a)
any make-—any type—any value VED (1 +log=} (0543 V)
one or one million [ For the undercut coaxial line (75 ohms})
in the region of the supporting structure:
; 7514 Ky (122)
ucle = — —_ a
CONTROLS — POTENTIOMETERS — RHEOSTATS VED L+ loxt (~0543 Ve
Allen Bradley or any other make Overeut line co o (& =
Attenuator any fype Overcut fine containing Polystyrene
(g'=2.544):
ocfe = 1.986 X 103/D (14a)
Undercut line containing Teflon:

wofe = 4.526 X 103/D (15a)

Undercut line containing Teflon:
sofe = 4.179 X 103/D _(16a)
For 75 ohm transmission line, substituting
Eq. (5) into Eq. (36} and (37}, the following

158 West 99 Sf., New York 25, N.Y. ‘ relationships are oblained:

. . Low frequency characteristic impedance:
Phone: University 5-4110 rs
1= 754/1 +—= 38a)
24 \/ Ve

The low frequency relative velocity of
propagation:
A% 1
= (39a)

C T )
4 D \/f
The characteristic impedances and rela-
tive velocities together with the TEix mode
cutoff frequencies are given in Table Ila
for the proposed standard 75 ohm coaxial
line sizes.
Curves of Ko and Diameter Ratios versus
Dielectric Constant are given in Figs. 1a and
2a, respectively.

WRITE FOR CATALOG

“'SPOT WELDED
SLER

LT T e

WITH

WHUM-TV ON AIR

(Improved Models)

xar

Sy Ve
< - KAY-LAB lagatens are non-linear
{v  oftenualing networks whose output is

the logarithm of the input voitoge.
New models afford larger dynamic
range, higher accuracy, and greater
stability. These units are suitable for
dynamic campression plotting loga-
MACHINES FOR rithmic decay curves and many other

applications. High accuracy units are
DESIGNER AND BUILDER OF alsa aveoilable for incarparaticon in

TRANSFORMERS — WEI_DERS logarithmic camputer systems,
GLASS WORKING EQUIPMENT Visit KAY LAB's
Cathode Ray; Radio Tubes (Standard, booth at the

Minlature, Sub Miniature}; Fluorescent I R. B Show
PRECISION

Lamps; Glass Ampoules; Vials; » ’

Incandescent Lamps /\(ay-/_[ab ELECTRONIC 5
. INSTRUMENTS Looking up antenna tower and waveguide
KALBFELL I.ABORATOR'ES,IHC. fransmission line of Reading, Pa.s UHF

GLASS WORKING =

ELECTRONICS

EISLER ENGINEERING CO.,

Inc. .

770 So  13th St. Newark 3' N.'J; 1090 MORENA BLVYD. P.0. BOX 1578 WHUM-TV {channel 61). Tower is 1000 ft. high.
50 - SAN DIEGO 10, CALIFORNIA Station went on air Feb. 10 at 12:12 AM
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Crosstalk
(Continued from page 147T)

achieved in the equipment in Mon-
treal. In order to measure the cross-
talk, the set up shown in Fig. 4 was
used. Tone from an oscillator was
fed into five input networks and
thence through the system to a total
of ten different outputs. In all some
105 amplifiers and their accompany-
ing circuits were energized. When
the correct levels, as shown in Fig. 4
had been achieved, the input to one
network was removed and measure-
ments were made of the noise level
at the corresponding output as
the frequency of interfering tone
was varied. The results are shown
in Fig. 6 (bottom section) from

o
Y — [ I
i o A B | R A
, [ [ Tjmi] (BRI N nw =
o CISTORT B AT RELOTDING i
oY=} FUS1T O AT -3 03N
— i I
.S LA 1 [
FRE Y BES 5E AT
RECURDING F TiQr \
o i#-L]
Df l
AELOW } ‘
#1d 0BM | ! @]
e e |=
_RIM & LT H i N S
- : — 3
* il ai T i '%.
= ——i — 5
70— - ! [ % : oL
| e
o CROSS Tavh  CM |VARIGUS RGOUTES [
[ | | il
1

BN [[vx) 1oad .
FREUUINCY  [CPZ)

Fig. &: Measured crosstalk characferistics

which it will be seen that the cross-
talk is below the noise level in all
cases until the frequency rises above
4000 c/s and that except in the case
of one route it remains below the
R.T.M.A. signal/noise limit of 65 db
up to 15000 c¢/s. The exception cros-
ses the 85 db line at about 12,000
c¢/s. Doubtless, if it had been thought
necessary, this route could have
been brought into line with the
others, but we think it will be agreed

that the performance as demon- |

strated by these curves is, to say
the least, entirely adequate.

Joint U.5.-British
TV Camera Research

General Precision Lab., Inc, and
Pye Ltd, Cambridge, England, have
signed an agreement providing for an
expanded program of joint research
and development in the field of indus-
trial and broadecast TV cameras and
studio equipment. The two companies
have been associated for three years
under an agreement which provided for
the development of studic equipment
currently marketed by GPL. General
Precision will manufacture camersas
and associated studio items in America,
and Pye in England, for independent
sale through their respective marketing
organizations, but with the combined
engineering knowledge of the two
firms.

for lacings that stay put!

(GJUDELACE

BRAIDED NYLON LACING TAPE

Style 18 |Medium),
500 yd. spools,
black or notural

Write for FREE
samples and prices. GUDEBROD BROS. SILK CO., INC,

Electronics Division Dept. B.
Main Office: 12 South 12th Street, Philadelphia 7, P&

*Patent Pending.

225 West 34th Sireet, New York 1, N.Y.

. KINETIX Means

ADVANCED ENGINEERING
~ HIGHEST PRECISION
CONTROLLED QUALITY
in the manufacture of
'SYNCHROS
~. SERVO MOTORS
INDUCTION MOTORS =
SWITCHBOARD INDICATOR LAMPS
OVERLOAD TRANSFORMERS -
HI-ACCURACY TRANSFORMERS

The. rapid growth of Kinetix Instrument Company has
been the reward of exceptional engineering and superior
facilities, plus strict adherence to the highest kriown stand-
ards of quality control in the electronic and electrical fields.
We pledge ourselves to maintain the integrity of any pro-
duct bearing the name KINETIX. R

KINETIX INSTRUMENT CO., INC. 902 BROADWAY, NEW YORK 10, N. Y. '
- West Coast Representative: - - T
Joe Davidson & Associates - _ P. 0. Box 108, South Gate, Calif..
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PRECISION

IS THE WATCHWORD

' TODAY IN ELECTRONICS
...as technological
advancements call for

circuits of increasing accuracy

and dependablllty'

C1 — 683 mmf. =
300YDCW

char. “F”
Elmenco

The key to
high precision and stability
lies in proper selection of mica capa-
citors, made possible through our
ability to provide ANY CAPACITY
at ANY TOLERANCE with the highest
characteristics within the ranges speci-
fied for molded mica capacitors.

DUAL UP TO
30000 MMF

SINGLE UP TO
15000 MMF

TRIPLE UP TO 45000 MMF

Any Capacity
Any Tolerance {(to = 0.5%)
JAN Characteristic 'F'' or Better
for Most Capacity VYalues.

- for their li‘lmbﬂlt}* ’under au_wf:-:

: '_J.::lﬂperaung condltmns ELME.NCO‘ .

CAPACITORS are chosen by
- manufacturers requiring the
._5'-}¥1ghe$t, quality cmnponents fm".

: -""’_ﬁtmr prﬂductg

Write fcur ow fme cfescnpfwe cata!og

_Ial pmducr re{fmfremems

ARCO

- ELECTRTGN]CS INC
mws L,grA}’EJ‘?*E ST.,N Y Jé’,ﬁ? Y
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nd for information regording  your 7

Casting Resins
(Continued from page 81)

by a factor of 3. However, the
unitized assemblies are then plugged
into a chassis which may be made of
metal and thus add significantly to
weight. On the basis of the completed
equipment the weight contribution
due to embedment has run as low as
30%.

Many of the casting resins which
are commercially available are not
suitable for direct use on a specific
application. This is particularly true
if they are to be used in connection
with components.

Needless to say, the properties
of the cured resin are the primary
consideration. However, it will be
worthwhile to point out a few of the
possibilities in formulation of the un-
polymerized material.

Some of the changes which are:
often made consist of the addition to

the base resin of fillers, diluents,
plasticizers and other resins.

For example, if a polyester resin
is to be used as an impregnant for
paper capacitors, the viscosity must
be adjusted so that complete pene-
tration into the capacitor winding is
assured, and at the same time the
resin must not flow out of the wind-
ing during cure. The addition of
monomeric styrene is one method of
lowering wviscosity. I[ in addition
good low temperature characteristics
of the capacitor are required, a plas-
ticizer may be called for.

In the formulation of a dip com-
pound for application of coatings to
electrical components, a viscous ma-
terial is required so that the build-

Fig. 5: Amplifier prior to embedment, Glass
enclosed HV rectifiers must not be damaged by
shrinkage of the resin at —65°C temperature

up is sufficient to assure the desired
degree of hermetic sealing. Inorganic
fillers are often used. These include
finely divided mica and talc. Here
again, a plasticizer may be needed to
improve impact resistance of the
coating. Pigments may be incorpo-
rated for coloring.

production speeds
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Conductive plastic materials have
been formulated by adding carbon
black and/or finely divided metal
powders to casting resins,

Another interesting modification
of casting resins is the addition of a
flocculent material such as chopped
glass monofilaments. A relatively
small percentage weight addition re-
sults in an almost dry molding com-

S T

Fig. 6: lrregular shape of embedded amplifier
in Fig. 5 is utilized to solve space problems

position. This may be used in a man-
ner similar to that used in phenolic
meolding. Molding pressures, how-
ever, are much lower, Pressures as
low as 23 psi have been used suc-
cesslully.

There is a technique for encapsu-
lation of electronic circuits which
overcomes some of the disadvantages
inherent in potting and casting. The
method consists of the application of
a dipped coating to the assembled
unit.

A dipping formulation is prepared,
and the unit is dipped into it and
subsequently placed in an oven to
render the coat non-flowing. Other
coatings follow wuntil the plastic
build-up is sufficient for the degree
of sealing required. When properly
applied, the coating iz completely
uniform and is as effective in herme-
tic sealing as the casting process.

A few of the advantages are elimi-
nation of molds, decrease in weight
and improved heat dissipation. The
final assembly can be made just as
rugged as the same circuit embedded.

Casting Resins as Applied to Com-
ponents:

It will be of value to consider in-
dividual electrical components in
which casting resins or formulations
based on casting resins have been
used.

Paper Capacitors: One of the most
interesting uses of casting resins is as
an impregnant for paper capacitors.
The construction of a paper capacitor
consists of winding two lengths of
metal foil between which are one or

{Continued om page 170)
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Now you can readily design your Electronic Equipment
for unutzed PLUG-IN UNIT CONSTRUCTI!)N

New free Alden Handbook simplifies plug-in
unit design. Presents complete line of basic
components of tremendous flexibility for
adapting your equipmear to plug-in construc-
tion.

] Un{tize geur circuitry in compact vertical

“PAN-I-LITE' —

PAT. PEND. W

planes using Alden Terminal Card Momuing

"' AR

M'PER STRIP YQUR
hmummﬂ witing +(‘_ARD -MTG. _COMPLFI'ED
for common drcuin SOCKETS ™ CIRCUITS
You can use Alden Terminal Mounting Card with Alden Miniarure Ter-
minals, Jumper Strip and Sockets staked to accommodate any circuitry —
making complete units ready for housing. Components seap into umique
Aldea Terminals, are held ready for soldering.

2 Make your circuits neat accessible plug-in

Bulb oand Lens are 1
p<. instantly replace-
able with unbreakable
spores.

PRE.PUNCHED
TERM.
MTG. CARD ¥ TERMINALS *

M IN'IA'I'URE

units by mounting in Alden “20°’ Package or
Basie Chassis.

Alden components provide standard plug in or slide-in housings — with
spares, your circuits become units replaceable in 30 seconds.
Monitor your plug-in units with ALDEN SENS-
ING ELEMENTS that spot trouble instantly.

b &i MINIATURE
MINIATURE INDICATING @ INDICATING
TEST JACK FUSE HOLDER 2, LIGHT

4 Get fool-preof unit interconnections and acces-

equipment. lnstantly replaceable.
a red hot poker, yet never with glare that gives
Tiny Pan-i-Lites punch into a
348" dnill hole, take about ¥2” behind panel,

sible check points with Alden Unit Cable and
Back Tonnectors,

false signal.

mount en centcrs 44"
Lites per sq. ft. of panel.

BACK CONNECTORS & UNIT CABLE
Alden Back Conncctors give accemible color coded
check point for all incoming znd outgoing chaswis
Icads. Can be builr iato Unir Cables that inter-
connect beeween cbassis and are instantly replace-
ahle with spares.

REQUEST FREE
"ALDEN
HANDBOOK"

Here’s the story on
ideal monitor
to indicate circuit condition
o Quickly replace

bulk from front
of panal.

()

f

348

1
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]
l The panel lights you've used — were bulbs
easy to rteplace? Were spares durable and
I always on hand? Did the user have to call a
i service man to replace a light? Was it hard to
find panel room to build in the lights you
1 wanted? Did your equipment look like a
l Christmas tree, with a confusing glare of lights?
At last — here's a Pan-i-Lite so well thought
' out you need never use any other. You know
l a dead light means danger. Pan-i-Lite's |-piece
bulb-and-lens is so easily replaceahle, it's never
I neglected. Spares are unbreakable, easily kept
[ in kit, vest pocket, or taped right in a recess of
|
i
|
!
]
|
|
i
i

Glow like

apart, allowing 900

Now you can use indicator lights wherever
needed. Avoid hazard of dead light, hecause
bulb replacement instant, easy, by anyone.
For ALL indicator needs, standardize on Pan-
i-Lite, the light that really makes sense!

Send for Samples of 3 Pan-i-Lites with 4
brilliant calor replacement bulbs.
Laborotory Work Kit 433, price $6.00,

| OR SEND $1.00 FOR DEMONSTRATOR

If you have a labeling
problem ordinary
labels can't solve...use

...the tough ones are our specialty

..where other types of labels are found
“wanting”...or when you need to
substitute an attractive pressure-sensitive
label for a costly nameplate. ..

~Avery Kum-Kleen labels |
are the best solution ‘
to your problem!

...and so are the gther kind,.

...where you want faster labeling ...
improved appearance...labels that won't
pop, curl or peel. .., or those the housewife can
remove without soaking or scraping. .. there’s
no substitute for an Avery Kum-Kleen label !

faster » easier « more econmmcai

Patented Avery dispensers...manual or electric...
feed die-cut pressure-sensitive labels off roller tape,
ready to be LAID ON any clean, smooth surface.
No moistening...no sticky fingers.

Where can YOU use these labels in YOUR business?
Write today for free samples, case histories and prices.

AVERY ADHESIVE LABEL CORP., DIV, 111

117 Liberty Street, New York 6 o 608 South Dearborn Strect, Chicago 5
1616 So. California Ave., Monrovia, Cal. ¢ Offices in Other Principal Cities
Originators of Pressure-Sensitive Labels

1953

www americanradiohistorv com

169


www.americanradiohistory.com

Plug-in Broadcast

PRE-AMPLIFIER

® PLUG-IN DESIGN—simplifies maintenance.
@® TWO STAGE—Ideal for microphone or transcrip-

tion pre-amplifier.

@® EXCELLENT FREQUENCY RESPONSE — Features low

distortion and noise level.

® COMPACT...YET HIGHLY ACCESSIBLE.
The G-E Plug-in Broadcast Audio line includes:

BA-1-F
PRE-AMP

BA-12-C
PGM/MON AMP POWER SUPPLY

BP-10-B

For information write: General Electric Co.,
Section 4833, Electronics Park, Syracuse, N.Y,

GENERAL @B ELECTRIC

Use Wood?

For many elecironic manufaciuring
applications, wood can frequently
replace or supplement expensive or
scarce metals and plastics.

Radie and Television Parts © Spools ® Reels ® Han-
dles ¢ Wedges ® Wheels e Dowels ¢ Knobs » Rollers

Plugs » Blocks ¢ Moulding ¢ Shaping e Displays
Available in Plain, Dip, Sproy and Tumble Finishes

Send for Free Chari on Uses and

Properties of Domestic Woods

AMERICAN

W00D WORKING COMPANY

1688 N. Lowell Ave, ® Chicago 39, Il

} Precision Wood Workers lo the Electronie
i Industries Since 1893

170

NO SHORT
CIRCUITS

when you
use-,

*TRADE MARK PAT. PEND.

ALL SIZES
8 dia. to 1% dia,

Made of
TOUGH, DURABLE
ETHYL CELLULOSE PLASTIC

—FLEXIBLE, EASY TO INSTALL

Write for Sample and Full
Information, including Strength
Tests and Prices

5259 N. Avondala Ave. [

Chicago 30, Il.

more layers of very fine Kraft paper.
To produce the finished capacitors,
the winding is carefully dried and
impregnated. Common impregnants
are oil and wax, which may leak and
dry up at high temperatures. Impreg-
nation with a resin which is later
polymerized in place has been found
to be successful in producing good
high temperature paper capacitors.
The elimination of the paper and its
substitution by plastic dielectric films
appears to be logical step.

To illustrate the results which
may be achieved, the data on plastic
impregnated paper capacitors is pre-
sented. Tl ese are for 1 u f units rated
at 400 v. dc. The capacitors are in
metal cans, the terminals project
through silicone rubber bushings.
The capacitors are manufactured by
Tobe Deutschmann Corp. of Nor-
wood, Mass.

Variation of capacitance with tem-
perature:

Under 15% 20° C to 150° C.
Variation of power factor with tem-
perature:

20° C — 0.35%
85° C — 0.329
125° C — 0.65%
150° C—2.5 %

Insulation Resistance:
20° C— 30K meg.
85° C — 370 meg.
125° C — 30 meg.
150°C — 6 meg.
Life Test:
125° C — 660 v. dc stopped at 2000 hrs
150° C — 400 v. dc 300 to 400 hrs

Tow valued paper capacitors are
phenolic molded following plastic
impregnation and cure. These units
have characteristics comparable to
those of the canned units. The solid
structure of the capacitor permits
phenolic molding with less difficulty
than is experienced when oil or wax
is the impregnant.

Cast housings for capacitors have
been used. The mold is machined
from metal and the capacitor posi-
tioned in it. The casting compound
is poured in and cured. Pouring is
accomplished at atmospheric pres-
sure or under vacuum. It is appli-
cable to expensive capacitors and
those which cannot tolerate pressure
molding. At present the casting proc-
ess cannot compete economically
with compression molding of hous-
ings around capacitors.

Transformers: There are several
processes for the application of poly-
merizable plastic materials to trans-
formers. The oldest and most widely
used is a potting process wherein the
impregnated transformer is placed in
a mold and the casting resin formu-
lation poured in and subsequently
cured. The mold may be a metal can
which remains as a part of the com-
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pleted transformer, The resin merely
takes the place of the hot melts and
waxes which the transformer indus-
try has used for years.

The use of 1009 polymerizable
impregnants for transformers has
been an improvement over the use of
solvent type varnishes. The com-
pletely solid structure of the trans-
former has decreased the possibility
of corona, improved moisture seal-
ing, heat dissipation and insulation
resistance.

The heat dissipation of the solid
transformer structures permits dis-
sipation of up to 309 more heat than
a varnish impregnated unit for the
same temperature rise. Application
of heavy plastic dip coats as a mois-
ture seal is also being used for pro-
tection of transformers, as shown in
Fig, 1.

Preciston Resistors: An investiga-
tion has been made by the Rubicon
Co. of Phila., Pa. as to the feasibility
of embedment of precision resistors
in casting resins for hermetic sealing
purposes. The investigation is not
yet complete.

The resistors used are of 10,000
ohms nominal value, wound on cer-
amic spools. The resistive element is
cloth-covered manganin wire. The
resin used was of the unfilled non-
rigid polyester type and covered the
resistive elements by approximately
12 in. The lead in wires were sep-
arated by approximately 34 in.

Embedments were made in a ma-
chined Teflon mold. The embedment
compound was in direct contact with
the resistive element.

The insulation resistance of the
spool with lead in wires attached but
with the resistive element removed
was 280 K megohms. This blank
after embedment measured 110 K
megohms. Following subjection to
100% relative humidity for 300 hours,
the insulation resistance dropped to
40 K megohms, but recovered to the
original value after standing under
room conditions for several days.

The change in resistance due to
embedment of the 10 K resistors was
-+ 0.069; %= 0019% or 6 ohmg = 1
ohm. After aging for 1300 hours at
room temperature, the resistance
change decreased to 2.8 ohms == 1
ohm. The decrease continued and at-
tempts are being made to accelerate
the aging of the units. Present indi-
cations are that the resistors will re-
cover to within 1 ohm or 0.019% of
their original value.

The temperature coefficient of the
embedded resistors is almost exactly
that of the manganin wire from
which they were wound. Tempera-
ture cyeling from 100° C to —55° C

(Continued on page 173)

NOW!
- TEST, SERVICE

L‘l

12, AUTO RADIOS

. ce Ripple Only 3% at Full Load
New Electro ) Completely variable output makes it possible
DC Power Supply

i Model C-12

to test equipment under any voltage input
filtered adjustable DC

voltage for testing and servicing 12 volt and

condition. Provides

6 voll auto radios from AC lines. Operates

electronic equipment used on trucks, tanks

and other mobile units and low voltage de-

0-16 Volts for 0-8
Amperes Contin-
vous Output. Up

to 12 Amperes
Intermittently.

vices. Utilizes Superior Powerstai Voltage
Control (Model 10) for extremely fine voltage

adjustments.
Another Better-Than-Rated EPL Product!

Write for Complete Information

ELECTRO PRODUCTS LABORATORIES

4501-Tc North Ravenswood Ave., Chicage 40, Ill.
CANADA: ATLAS RADIO CORP., LTD., Torento, Onf.

Made to JAN specs for DC, or AC circuits up to 1600

cycles. Available with screw terminals and with soldering.

lugs. Switching characteristics provide for changes in

electric circuits by use of SPST, SPDT, DPST and

DPDT. Has bakelite housing and only one mounting hole.
IV

t
Barrier type: made ©

ite in vars
lded bakelite 10
ri:Z styles 80 siZes :ilpft::'
26 terminals. Sen

catalogue.

naRIN | R

SEE OUR EXHIBIT IRE SHOW BOOTH 2-139
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otfo ag

Registered Trademark
of Keystone Producls Co.

Keystone is one of the nation’s foremost suppliers of
magnetic amplifiers. Effective immediately we have avail-
able for prompt delivery the first of five ‘‘stock’” mag-
netic amplifiers. Engineers may now design units around
these ‘‘pre-designed’” magnetic amplifiers. Inquiries are
invited on the Moto Mag.

M In place of the conventional output transformer
j and power amplifier tubes, the KP10-400 utilizes a
phase sensitive vocuum tube demodulator and
magnetic amplifier output stage which eliminates
the need of rectifiers, thus assuring greoter re-
liability. Each unit built in accordance with MIL
specificatians. KP10-400 operates from an input
voltage of 115 wvolts, 400 cycles single phase.
Qutput is 10 watts, reversible phose. KP10-400
operates from o minus 55° to plus 70° C with
minimum variation. An input signal of 2 volts
AC or DC working into a high impedance is re-

‘DIAMOND H’
RELAYS

pack more
performance
into less space . ..

Rating for rating, “Diamond H” Series R hermetically
sealed, miniature aircraft type 4PDT relavs are smallest
(1.6 cubic inches), lightest (3.76 ounces), have widest
temperature range (—65° to +200°C.), greatest oper-
ating shock resistance (to 30 “G” and higher) and excel
all others in their field in ability to break high currents
and high voltages.

Ideul for high frequency switching, their inter-clectrode
capacitance is less than 5 micro-microfarads contacts to
case, less than 2% mmf between contacts, even with
plqu in type relay and socket. Vibration range is from
0 to 500 cveles per second and upward at 15 “G” with-
out chatter. Coil resistances up to 50,000 olms are avail-
able, with contact loading through 10 A. resistive for

100,000 cycles (30 A. resistive tor 100 cycles) at 30 V.,
cycles. The unit is 4 inches high, 3'; inches wide D.C., or 115 V., A.C. Sensitivity approaches 100 milli-
and 2% inches deep. Weight—only 1 Ib., 13 watts at 30 “G” operational shock resistance. Thev meet
sunces. all requircments of USAF Spee, MIL-R-5757 . . . and
far surpass many. Various standard mounting arrange-
ments available. Write for Bulletin R-150 or ask for
“Diamond H” technical assistance.

THE HART MANUFACTURING COMPANY

218 Bartholomew Avenue, Hartford, Connecticut

quired for a maximum of 110 volts, 10 watts, 400

Your inquiry will have our prompt attention.

KEYSTONE PRODUCTS CO.

904-6 TWENTY-THIRD ST., UNION CITY 6, N. J.
UNion 6-5400

NEW 1953

ENGINEERING MANUAL

Choose the
COMBINATION

of properties
you need

Send now for your copy
of this new 3é-page
manual. It covers our

Light weight, strength, chemi-
cal and moisture reswtance,

complete line of
Standardized Elec-

Synthane laminated plastics fronic Hardware.

combine them all in one easy-
to-machine material. If your
> product—or a component—re-
{4 quires a specific combination of
/g properties, 1t will pay you to
"/ Investigate Synthane. The cou-
pon below brings you full
details.

It gives detailed prinls and specifications covering types, sizes,
materials, finishes and complete engineering dota on eur

terminal lugs, terminal boards, insulated lugs, chassis bushings,

stand-offs, spacers and other electronic iftems in both standard
. and miniature sizes. Contains everything required for the design

engineer. Especially heipful te the new user,

i iy e — — — — — — — — v — ——

USECO hardware has been tried and proved in the fleld, and,

through mass production, has been made availghle at competi-

SYNTHANE CORPORATION

11 River Road, Oaks, Pa.

Gentlemen:

Manufacturers of

R . tive prices. Prompt deliveries. Today's mail answered foday!
laminated plastics

Please send me the new Synthane Catalog Terminal boards fabricated to manufacturer’s specifications,

without eharge or obligalion on my part. For your copy of New Engineering Manual, write

RODS - TUBES

i
|
|
SHEETS :
|
|
|
|
1

Name . —
MOLDED-LAMINATED U. S. ENGINEERING CO.
MOLDED-MACERATED | A0 520 Commercial St., Glendale 3, Calif.
FABRICATED PARTS City Zone State
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NEW!

3 Super Standard
Output
Transformers

+1 dh 20—30,000 cycles
High Efficiency
Small Size

S.510-F, 10 watts
Pri: 10,000CT-8,000CT
Sec: 16-80

S-526-F, 20 watts
Pri: 6,600CT-5,000CT
Sec: 16-8-40

e e

Pri; 5,0002CT-4,0000CT
Sec: 16-8-4¢

. l 'Dil-rﬁén_sinr:s Wt
i Inches b5,
. BEIDE iy o D
st oy aley
SEZE O3 B
Wriit_e
today
for the
new
1953
‘Peerless:
Catalog

Now In Stock

Electrical Products

A DIVISION OF |

‘3356 Santa:Monica Blvd., Beverly-Hills, Calif.
161 Sixth Avenue, New York 13, Hew Yark

PEERLESS

has no detectable effect on the plastic

coating.

Note the bleeder embedments in
Fig. 2.

Other embedment methods in

which the plastic material does not
contact the resistive element are
planned for future investigation.

High Frequency Inductors: The
techniques outlined previously with
respect to capacitors may be applied
to high frequency inductors. The
wound coil is dried and impregnated
with a resin of good electrical prop-
erties. Cure of the resin produces a
unit of solid structure which then
may be enclosed in a housing which
is cast, compression molded or dip
coated. A polystyrene resin as the
impregnant has been used on coils
with excellent results.

Electric Motors: Casting resins are
used to impregnate the armatures
and fields of electric motors. They
are generally superior to the var-
nishes previously used. Void free
insulation, avoidance of solvent
evaporation and better mechanical
anchorage of the windings are given
as the advantages.

On small motors and generators
for servo applications both rotors
and stators have been molded in
resin for protection of the very fine
wire used. The mold used is ma-
chined from Teflon. Teflon is used to
eliminate the need for mold release
which would upset the close toler-
ances to which the moldings must be
made. The Teflon is carefully treated
so that it will remain dimensionally
stable. The windings are positioned
in the mold and the formulated cast-
ing resin run in under vacuum. Cur-
ing and removal from the mold fol-
low. The windings have thus applied
1o them a coating of 0.007 in. uni-
formly over the surface except at the
air gap surface, at which peint the
coating is 0.005 in. The production
rate is one rotor or stator (as the
case may be) per mold each 45 min-~
utes,

Teflon is an almost ideal mold ma-
terial in that casting resins do not
adhere to its surface, thus eliminat-
ing the need for mold release. Mold
release is expensive to apply in a
production casting process, and ad-
versely affects the surface finish,
Teflon coated metal molds have also
proved to be practical for production
casting of electrical equipment.

Antennas: Polyethylene has been
used to cast around electronic com-
ponents by a low pressure process.
One of the most interesting applica-
tions is the embedment of helical
antennas, See Fig. 3. It is reported
that a one-third size reduction can
be made in the size of the antenna

(Continued on page 175)
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> PRYSICISTS
AND |
ENGINEERS

CONVENTION
NEW YORK CITY
MARCH 23-206...

o Inquiries are
invited regarding
openings
01 OUY Stajj“

» RADAR LABORATORIES

> GUIDED MISSILE LABORATORIES

» ADVANCED ELECTRONIC LABORATORIES
» ELECTRON TUBE LABORATORIES

> FIELD ENGINEERING DEPARTMENT

) » For the convenience of

“ those attending the I. R E.
meetings and Radio Engineering
Show, wmembers of the
Laboratory Staff will be available
Sor intervietrs af the
Convention hotel. For appointinent
telephone Hughes New York
office, LAckavanna 4-9350.

HUGHES

RESEARCH AND
DEVELOPMENT LABORATORIES
Sesentific and

Engineering Staff

CULVER CITY, LOS ANGELES
COUNTY, CALIFORNIA

Assurance ts rzquired that relocation
of the applicant will not cause disruption
of an urgent military project.
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. MARKA-SWEEP REP
T Tunor Allgnment -

. RADAPUISER _t
RaéwiFTm;E-m
Tasting

= =

. -

& £
CONSULT !mf:f:z“"“
.| THIS LATEST i *"*
64-PAGE
' CATALOG = «’f
. W*’““-‘“‘é‘&mﬁm . FREE -

“ k Write

_PINE ﬁ’npoi N

[KAY ELECTRIC €O

L 14 MA?’{E ST =

-

the switch is ON to

GUARDIAN

HERMETICALLY

e “CONTROLS...

RELAYS

HERMETICALLY SEALED

SOLENOID

CONTACTORS
For the first time Series
sealed solenoid con- 595 D.C.
tactors may be com- Relay

pletely assembled,
tested, adjusted and
inspected before seal-
ing. They meet or ex-
ceed all MIL-R, AN,
JAN and will pass propesed MIL-R
tests. Can be constructed to operate
in ambient temperature up to 120° C
and withstand 50 G shock. Wired from
top for accessibility. New Bulletin

Guardian is equipped to
hermetically seal a vast
variety of relays to meet
the mosf exacting mili-
tary and industrial ap-
plications, If your appli-
cation calls for expert
hermelic sealing, we in-

(200 Ampere)

describes interchangeability, special vite 'you to consult
insulation features. Write. Guardian.
1607-C w. WALNUT STREET CHICAGO 12, ILLINQIS

& COMPRETE LIWE OF RELAYS SERYING AMIRICAN IROUSTRY
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WIRE
WOUND

PRECISION v RESISTORS

We offer a complete Engineering and Monufacfuring Service
with emphasis on Special Applications. Small pilot runs,
or full scale production executed economically and on

schedule. Consult us for these products:— %g

COILS:

High Freq. Air Core
Multi-Layer Solenoids
Peaking

Synchro Windings
Television RF, IF, etc.

TRANSFORMERS:

Audio * Power

Elevator

High Voltage

Pulse Applications

Synchros, etc.

Experimental Samples promptly submitted,

usually without charge, Write to:
COMPONENTS MFG. DIV, Dept. T3

TRANSVISION, INC.

NEW ROCHELLE, N. Y. NE 6-6000

R

i e £t

i

TV LENSES

WORLD'S LARGEST STOCK

Coated Hi-resolution Lenses for every TY need —
wide angle, normal, tetephoto — 1% to 20' . . . .
Cooke, Zeiss, Ektra, Carl Meyer, B & L, Wollensak,
Ross, Astro, etc. Al accessories, baffle rings,
counter-balances, fittings. Foc. mounts fit RCA,
Du Mont, GE Imoage Orth. Speciai mounts for GPIl
and others. Expert fitting service, LOWEST PRICES.
15 day FREE TRIAL. Unconditional Guarantee,

SERVING TV SINCE 1936 . . .

- Ty :
FREEQ LENSE BULLETIN
, ® and PRICE LIST

BURKE & JAMES, Inc b
321 So. Wabash Avenue (T) Chicage 4 3

CARL MEYER
8" F29 -

Amnouncing .

TYPE 103 MAGNETIC TRANSIENT RECORDER
Frequency Response — DC to 30 K¢

DEMONSTRATION at HOTEL BELMONT PLAZA
Lexington Avenue and 49 Streef, New York
During the IRE CONVENTION, March 23-26.

Development of the

ASK room clerk for Room Number,

MAGNE-PULSE GORPORATION

140 Nassau Street New Yoric 38, New Yerk
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system. Because of the excellent
electrical characteristics of polyethy-

?? ?NEED TUBES FOR lene there is no impairment in op-
" eration.

SPECIAL APPLICATIONS? , Polystyrene may also be used but
Victoreen is prepared to assist you by its poor low temperature Charactel’_
engineering and manufacturing tubes for : istics have limited its use. Polysty-
0 ticul ication, ) : : : .
your particular application. rene casting resin, however, is being
Expanded production facilities plis a con- ¢ . d
petent tube engineering staff permit us to used succeSSquy in embedment of
accept orders for new tube types now ‘ the connection between the coaxial

o — cable and antenna elements of the
LA AL weather-proof antennas made by the
Oidest Manufacturer of

radiation measuring instrumeénts. i WOl‘kShOp Associates of Needham,
Over ten years experience in ] MaSS
development and engineering of !

electronic tubes, specializing A method which may be used to
n-subminialure fypes. make polystyrene castings of ex-
tremely large size is to first fill the
mold with polystyrene molding
granules and under vacuum flow in a
SEND SPECIFICATIONS TODAY properly catalyzed polystyrene cast-
ing resin. Upon curing, a perfect
bond is formed between the casting
resin and the granules. The casting
engineers in studying your application. is almost completely strain-free.
Radomes are produced by using
casting resin formulations in con-
APPLICATION: MECHANICAL junction with web fillers, such as
Amplifier................ | REQUIREMENTS: cloth and glass mat. The cloth or mat
COMIO o [ SNOCK is saturated with the catalyzed liquid

Use this check list (¥) as a guide in submit-

ting your inquiry, This will assist our tube

Counter ... Vibration.... resin and then introduced between

Doubler....... AMBIENT the  platens of a press which are

Electrometer. ... TEMPERATURE: shaped to the desired contour of the

ModUIEtOr oo | e radome. Low pressures, below 50

Dscil'létor .................... CONDITIONS OF psi, and low temperatures 200 to

Rectifier ... | USAGE: 250° F are used to cure the lami-

Current Regulator......... Filament Voltage......... nate.

Voltage Regulator. .| Filament Current......... Mechanical Applications: Casting
Itage R N . . .

;0 tage Reference ... | Grid Voltage........... resins have found innumerable uses
(LT Grid Current. oo in electrical equipment wherein the

CLASSIFICATION: Screen Current........ function of the plastic material is

Diode.... e | Suppressor Voltage..... primarily mechanical.

Triode .o, Suppressor Current..... A few of these are:

Tetrode .. Maximum Freguency... Experimental castings of items

Pentode Plate Voltage.................

which will be injection or compres-
Special Purpose. .......... Plate Current.............

sion molded when the final design is
Other ... Scree.nA VO!lage.___......__... frozen.
ENVELOPE: Amplification Factor..... Production of large plastic pieces

Plate Dissipation. ...

Glass......... which would be impractical to mold.
CeramiCmromne | OHET OURUL One method which has been used is
Metal. .o | SPECIFIGATIONS: to injection mold a shell for the cast-
T3 COMMENCial.... ... ing which serves as the mold. A cast-
T-5%. Mil (JAN) ... ing resin which will bond to the shell
O oo | AMMY oo is poured in and cured.

ALTITUDE L T — Casting resin formulations are
REQUIREMENTS: Air FOTCe .ocve used as cements and sealants. For

example, a pair of thermistors are
sealed into an aluminum housing for
measurement of underwater tem-
peratures. The seal is of unique de-
sign and has been tested against 300
psi water pressure. See Fig. 4.

QUANTITIES REQUIRED:
Initially Annually Monthly
ANY OTHER REQUIREMENTS:

Electronic Assemblies: Two ap-
proaches have been made to the
embedment of electronic assemblies
and eqguipment. One has been to
BETTER COMPONENTS MAKE BETTER INSTRUMENTS | embed in one large casting the com-

Visit our Booths 4-103 and plete system. This has proved to be
4-104 at IRE show NYC successful in only a few instances.
The basic difficulty is with compo-

V Instrument nent reliability. Until electronic

3800 PERKINS AVE. CLEVELAND 14, OHIO (Continued on page 176)
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24 HOUR
DELIVERY
FROM STOCK!

RELAYS

QOur stock of more than a
million relays — in over a
thousand different types
—is the world’s largest.
Don’t delay your produc-
tion for want of large or
small quantities of relays
of any type.

Telephone, wire or write
for quotations.

NEW AND MORE
COMPREHENSIVE

1953

RELAY SALES
CATALOG

NOW READY

Be sure to send
for your copy

Telephone

SEeley 8-4146

833 W. CHICAGO AVE.

DEPT. &, CHICAGO 22, ILL,
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components can be counted on for
long trouble-free life, embedment of
large complex assemblies will be
impractical for the majority of elec-
tronic eguipment. With respect to
expendable military  equipment,
complete embedment is practical
and should improve overall reliabil-
ity. Expendable applications include
guided missiles, sonobuoys, prox-
imity fuses and controlled torpedoes.
Photos of an amplifier assembly be-
fore and after embedment are shown
in Figs. 5 and 6.

Unitized construction is the other
approach. No more than approxi-
mately 30 components are contained
in a single casting, it is practical for
most equipment for the armed serv-
ices and for many commercial appli-
cations.

Polymerizable materials are al-
ready seeing large scale use in the
electronic industry as impregnants,
coatings and potting compounds. At
present these uses are mainly with
respect to components. Commercial
casting of electronic assemblies is
limited by lack of knowledge re-
garding component reliability.

Strain-Gage
(Continued from page 75)

provides a power output of 2.0
watts minimum and is tunable over
the frequency range 215 to 230 wmc.
It employs four subminiature triodes
and is readily removable as a unit
from the main chassis. |

The AN/AKT-8 equipment re- |
quires 6.3 v. at approximately 5.5 |
amps and 135 v. at approximately
150 ma.

The six subcarrier oscillators, the
voltage regulator unit and the r-f
transmitter are contained in a water-
tight jacket with AN connectors
provided on the front panel for strain
gage, antenna, and power connec-

Fig. 9: Complete AN/AKT-3 telemetering unit

tions. If desired, all units may be
mounted separately and are capable
of operation without shock mounts.
The complete AN/AKT-8, with its
waterproof jacket, however, is pro-
vided with vibration isolation
mounts. The assembled AN/AKT-8

THIS IS IT « = « Medasures or

Generates ANY Frequency
From 20—640 M.C.*
Within 10 Parts Per Million

N

Direct Reading VHF Frequency
Meter Model FM-3

*Under certain conditions ¢can be used
below 20 mc and above 640 mc.

Accuracy: .. ... =+ 0.001 %
Stability: . ..... =+ 0.001 %
Resetability: ... =+ 0.0005%

—GERTSCH PRODUCTS—

11846 Mississippi Avenue
P.O. Box 13856
Los Angeles 25, California
In Canada, Atlas Radio Corp., Ltd., Toronto

WORLD'S FINEST IN-STOCK

INDUSTRIAL ELECTRONICS
PARTS CATALOG

NEW 200-PAGE
1953 EDITION
JUST PUBLISHED!

SENT FREE

Write on your com-
pany letterhead. Ra-
dio Shack’s catalog
is COMPLETE from
AMPEX to ZEPH-
YR. Over 15,000 list-
ings of components
and equipment, plus
details, pictures,
lowest mnet prices.

Separate indexing of
products and manu-
facturers. Full JAN
data! The preferred
buying and reference
guide for P.A.'s, en-
gineers, designers,
schools, civil de-
fense, government,
service agencies. Fer
your FREE copy,
write TODAY to
Department §

RADIO SHACK

CORPORATION

is shown in Fig. 9.

167 Washington St., Boston 8, Mass.
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TELE-TECH

Advertisers — March, 1953

AEROVOX CORP., .. ... ... . .. . .. . .v. 45
Agency—Austin C. Lescorboura & Stoft

AIRCRAFT TRANSFORMER CORP. .......... 35
Agency—Picard Advertising Co,

ALDEN PRODUCTS CO. .................. 169
Agency—Richard Thorndike Agency

ALTEC LANSING CORP. .......iciivvnna cae 173
Agency—Abbott Kimboll Co. of Caiif.

AMERICAN ELECTRICAL HEATER CO. .. .... é
Agency—Allman Company Inc.

AMERICAN ENCAUSTIC TILING TO. ........ 155
Agency—IJohn Falkner Arndt & Co., inec.

AMERICAN MICROPHONE CO. ............ 49
Agency—Clifford Woolsay

AMERICAN PHENOLIC CORP. 28, 29
Agency—Burton Browne Advertising

AMERICAN WOOD WORKING CO. ... ... 170

AMPERITE CO., INC. .......... ... ... ... 133
Agency—H. J. Gold Co.

ANCHOR INDUSTRIAL CO. ............. ... 159
Agency—Conti Advertising Agency Inc.

ANDREW CORP., ... ... ... 144
Agency—Burton Browne Advertising

ANTARA CHEMICALS DIVISION OF GENERAL

DYESTUFF CORP, ... ................. ,

Agency—R. T. Q'Connell Co.

ARCO ELECTRONICS INC. ............. .... 168
Agency—-Sternfield-Gaodley, inc.

ARNOLD ENGINEERING €O. .............. 44
Agency—Walker & Downing, Generat Agency

ARTOS ENGINEERING CO. ... 42
Agency—Cromer-Krasselt Cao,

ASTRON CORP. ................ .. ........ 19
Agency—Salow & Associoles, Advertising

AUDIO DEVICES, INC. . ... ................ 111
Agency—Rickard & Co., Inc,

AVERY ADHESIVE LABEL CORP. ..... ..... 169
Agency-—Mortin R, Klitten Co., !nc.

BARRY CORPORATION .................... 123
Agency—Engineered Adverhsmg

BELL TELEPHONE LABS. P 12
Agency—N. W. Ayer & Son ‘Ine.

BEND1X AVIATION CORP., ECLIPSE DIV. .... 137
Agency—McManus, John & Adoms, Inc.

BERKELEY SCIENTIFIC .. .._.,........ .. 135, 146
Agency—CGeorge C. McNuit, Advernsmq

BIRTCHER CORP. ......................... 139
Agency—Crossley & lefferies, finc.

B'I.AW KNOX CG. ... .. ...... ... .......... 127
Agency—Al Paul Lefton Co., Inc.

BLONDER-TONGUE LABS, INC. 178
Agency—>Snappe-Wilkes inc.

BURKE & JAMES, INC. . ... ... ... ........ 174
Agency-——Julian Frank & Assoc.

BURNELL & COMPANY ................ ... 2
Agency—Miichell Advertising Agency

BUSSMANN MANUFACTURING CO. ... . .... 15

CALDWELL-CLEMENTS, TNC.

.............. 122, 124, 150, 152, 153, 156

CTANNON ELECTRIC CO. .......... . ... .... 145
Agency—Hixson & Jorgensen, Ine.

CENTRALAB DIV, GLOBE-UNION INC. . .. .. 113
Agency—Kiou-Von Pietersom-Dunlap, Inc.

CENTURY LIGHTING, INC. .... R 150
Agency—William H Weintroub Co.

CINCH MANUFACTURING CC. ... ......... .. 107
Agency—D. T. Compbell Inc.

CINEMA ENGINEERING CO. 14
Agency—R. L. Power

CLEVELAND CONTAINER CO. .. ..... . ...... 21
Agency—Nesbitt Service Co.

TONTINENTAL-DIAMOND FIBRE CO. ...... 13
Agency—Geare-Morston

CORNELL-DUBILIER ELECTRIC CORP. ... ..... 132
Agency—Friend, Reiss, McGlone

LROSBY LABORATORIES, iNC., . ........... 141
Agency—Som Nisensen

CUNNINGHAM, SON & TO., INC., JAMES .. 155

DAVEN COMPANY ... ... .. ... ........ Caver 3
Agency—Ari-Copy Advertising Agency

DIALIGHT CORP. ... ....... ... ... vy 62
Agency—H. 1. Gold Co.

DUMONT LABS,, INC., ALLEN B. o 7,26
Agency—Ausiln C. [escarbouro & StaFF

DX RADIO PRODUCTS CO. ................ 163
Agency—Turner Advertising Agency

EISLER ENGINEERING CO., INC. 166
Agency—Wolter J. Zimmerman Assoc.

EITEL-McCULLOUGH, INC. ... .. 131
Agency—Conner, Jocksan, Walker, McCIu:e

ELECTRICAL TOWER SERV!CE INC. ... . 165
Agency—IJackson, Haerr, Peterson & Hcll Jnc.

ELECTRO MOTIVE MFG, CO., INC. ... .... 55
Agency—Cory Snow, lnc.

ELECTRO PRODUCTS LABS. ........ ... ..... 171
Agency—Robertson, Buckley & Gotsch, Inc.

FORD INSTRUMENT CO., DIV, $SPERRY CORP. 17

Agency—G. M. Bosford Co.

FORMICA CO. ... ... ...... ... ... ........ 124
Agency—Perry-Brown, Inc,

FREED TRANSFORMER CO., INC. ..., ....., 158
Agency—Franklin Advertising Agency

GATES RADIO CO. ... ... ivi e 34
Agency—Bortz Advertising Agency

GENERAL ELECTRIC CO. ,.... 36, 37, 54, 63, 170
Agency—taxon Ine.

GENERAL ELECTRIC CO., LAMP DIV, ...... 163
Agency—Botten, Borton, Durstine & Osborn Inc.

GENERAL PRECISION LAB., INC. ....... .. . 51
Agency-—Burke Dowling Adams, Inc.

GENERAL RADIO CO. .......... ... 121
Agency—K. E. Morong Co.

GERTSCH PRODUCTS INC. ........... ..... 176
Agency—R. L. Power

GRANT PULLEY & HARDWARE CO. ........ 161
Agency—Millon Herder, Advertising

GRAY RESEARCH & DEV, CO., INC. .. ... .. 48
Agency-—French & Preston, Inc.

GRAYHILL ... . i e, 159
Agency—Merchandising Advertisers, Inc.

GUARDIAN ELECTRIC MFG. CO. ....... .... 174
Agency—Kennedy & Co.

GUDEBROD BROS. SILK CO., INC, .......... 167
Agency—Lee Ramsdell & Co., lnc.

HAMMARLUND MFG. CO., INC. .......... 58
Agency—Roeding & Arnold, Inc.

HART MANUFACTURING CO. ... ........... 172
Agency—Wilson, Haight & Welch, Inc.

HEATH CO. ... ... . i 158
Agency—Advance Advertising Service

HEMINWAY & BARTLETT MFG. CO. ........ 164
Agency—R. T. O'Connell Co.

HEPPNER MANUFACTURING CO. ...... .... 134
Agency—-Burfon Browne Advertising

HERMETIC SEAL PRODUCTS CO. .......... 11
Agency—Art-Copy Advertising Agency

HI-Q DIV., AEROVOX CORP. .............. 114
Agency—Austin C. Lescarbouro & Staff

HOUSTON-FEARLESS CTORP., ............... 27

Agency—Taggart & Young Advertising

HUGHES RESEARCH & DEVELOPMENT LABS, 173,178
Agency—Faote, Cone & Belding

HUGHEY & PHILLIPS . ... .. ... .. ...... ... 157
Agency—Welsh-Hollander Advertising

HYTRON RADIO & ELECTRONICS CO. ...... 61
Agency-—Bennetl, Walther & Menadier, Inc.

INTERNATIONAL RECTIFIER CORP. ........ a7
Agency—=Roy F. lrvin

INTERNATIONAL RESiSTANCE CO. ....... 22, 23
Agency—IJohn Falkner Arndi & Co., Inc.

JENNINGS RADIO MFG, CO. .............. 20
Agency—L. H. Waldron Advertising

JOHNSON CO., E.F. ... ... ... e, 140

Agency—Mitchell & Mitchell, Inc.
JONES DIV., HOWARD B., CINCH MFG. CORP. 161
Agency—Symonds, MacKenzie & Co., Inc.

KAHLE ENGINEERING CO. . ............. . 168
Agency—Conti Advertising Agency

KALBEELL LABORATORIES, INC. _..... ... 166
Agency—Tolle Co.

KAY ELECTRIC CO. ... ... ... ... ... ...... 174
Agency—Felt Advertising, Inc.

KENYON TRANSFORMER CO., INC. .. ... ... 138
Agency-—Pickord Advertising Co.

KESTER SOLDER CO. . ... ........ . ........ 53
Agency—Foul J. Steften Co.

KETAY MANUFACTURING CORP. . ......... 10
Agency—Hicks & Greist, Inc.

KEYSTONE PRODUCTS CO. ................ 172
Agency—W. H. Watt Advertising Agency

KINETIX INSTRUMENT CO., INC. .. ........ 167

KLEIN & SONS, MATHIAS ...... ... ........ 143
Agency-——Buchen Co.

KNIGHTS CO., JAMES ... ... ... ....... 50
Agency—¥Kenneth B. Butler & Assoc.

KULKA ELECTRIC MFG. CO. .. ............. 171
Agency—Leon Blehari Co.

LEGRI S CO. ... .. .. 166

LITTELFUSE, INC. ... ... . .o 175
Agency—Burion Brawne Advertising

MACHLETT LABS, INC. ........... ........ 116
Agency—E. Scott Brown Advertising

MAGNECORD, INC. . ......... ... ........ 151
Agency—Arthur Towell Inc.

MAGNE-PULSE CORP. ... ........ ... ...... 174

MALLORY & CO., INC., P. R. ... ......... 42
Agency—Aitkin-Kynett Co.

MELPAR, INC. ... .. ... 160
Agency—Equily Adverhsmg Agency

METHODE MANUFACTURING CORP. . ....... 149

Agency—Sander Rodkin Advertising Agency
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MIDLAND MFG, €O., INC. ... ........... 154
Agency—R, J. Potts—Calkins & Holden, Inc.

N. R. K, MFG. & ENGINEERING CG, ...... 160
Agency—Kreicker & Meloan, Inc.

NATIONAL VULCANIZED FIBRE CO. ....... 119
Agency—John Gilbert Croig Advertising, Inc.

PAR-METAL PRODUCTS CORP. ............ 162
Agency—H, J. Gold Co.

PERMOFLUX CORP. ....covvriicunnrioins 165
Agency—Bayord H. Clark Co.

POLARAD ELECTRONICS CORP. .......... 24, 25
Agency—Powerad Co.

POTTER INSTRUMENY CO., INC. .......... 117
Agency—J. B. Roberts, fnc.

PRECISION PAPER TUBE CO. .............. 161
Agency—Symonds, MocKenzie & Co ., Inc.

PYRAMID ELECTRIC CO. .......... eelieese 39

Agency—Sylvon A, Wolin & Assoc.

RADIO CORP. OF AMERICA
Cover 4, 30, 31, 43, 125
Agency—I1. Wolter Thompson Co.
RADIO CORFE. OF AMERICA, SPECIALIZED

EMPLOYMENT DIV, ......covhvervan

Agency—Al Paul tefton Co., Inc.

RADIC MATERIALS CORP. .............. Cover 2
Agency—Turner Advertising Agency

RADIQ RECEPTOR CO., INC. ............ .. 159
Agency—Walter J. Zimmerman Associales

RADIO SHACK CORP. ........ .00 i inns 176
Agency—Engineered Advertising

RAYPAR INC. ... .. ... i it 118
Agency—-Buti-Roberis & Assoc.

RAYTHEON MFG. €O, .....oovivireinnan 39
Agency—Walter B, Snow & Stoft, Inc.

RELAY SALES ... ......... ... ... ........ 176
Agency—A. F, Marthens & Assoc. Inc.

RESISCO CORP. ........... ..., 164
Agency—I. Gerald Brown Advertising

RESISTANCE PRODUCTS CO. .. ............ 56
Agency—Qlian-Sidman Advertising Agency, Inc.

RIVERBANK LABORATORIES .............. 156
Agency—Robert E. Clork Advertising Agency

SANGAMO ELECTRIC CO. ... ... s 147
Agency—Arthur R. Mogge, Inc.

SHALLCROSS MFG. CO. ... ... o vivinn s 16
Agency—Horry P. Bridge Co.

SHURE BROTHERS, INC. .................. 60

Agency—Henry M. Hempsteod & Co.
SPEER RESISTOR DIV., SPEER CARBON CO. 32
Agency—Hozord Advertising Co.

SPRAGUE ELECTRIC CO. ... ...... ... .. v 64
Agency—Horry P. Bridge Co.

STANDARD TRANSFORMER CORP, .......... 148
Agency—Burnet-Kuhn Advertising Co.

STUPAKOQOFF CERAMIC & MFG. CO. . ....... 57
Agency—Walker & Downing Adverhsmg

SYLVANIA ELECTRIC PRODS. INC. ........ 33, 46
Agency—Cecil & Presbrey, Ine.

SYNTHANE CORP. .. insee i iiienance 172
Agency—John Falkner Arndt & Co., Inc.

TRANSVISION INC. .............. ... ..., 174
Agency—H. I. Gold Co.

TRU-OHM PRODUCTS DIV., MODEL ENGRG.
& MFG. CO. ... ... ... . . e 109
Agency—Sander Rodkin Advestising Agency

TUNG-SOL ELECTRIC INC. ................. 41

Agency—E. M, Fraystadt Assoc., Inc.
TURNER COMPANY ... ........ . ..cocv.n. 136
Agency—W. D. Lyon Co., inc.

UNITED CATALOG PUBLISHERS, INC.
Agency—DBurton Browne Advertising
U, 5. ENGINEERING CO. ................ .. 172

Agency—CO. K. Fagan Advertising Agency

VICTOREEN INSTRUMENT CO. . ... ... ....... 1758
Agency—Carpenter Adverfising Co.

WATERMAN PRODUCTS CO., INC. .. ....... 4, &
Agency—Abner J. Gelula & Assoc.

WECKESSER CO. ... ... iienrnnnonnn 170

WELCH MFG. CO., W. M. ... .......... ... 162
Agency-—H. A. Hooker Advertising Agency, Inc.

WESTERN ELECTRIC CO. . ..., ... ... ... 12
Agency—N. W. Ayer & Son, Inc.

WESTINGHOUSE ELECTRIC CORP. ........ 40, 52
Agency—Fuller & Smith & Ress, Inc,

WHEELER INSULATED WIRE CO., INC. 1106
Agency—Edword W. Robotham & Co.

WILKOR DIV., AEROVOX CORP. .......... 115
Agency—Austin C. lescarboura & Staff

WOLLENSAK QPTICAL CO. ........ovo v 38

Agency—Ed Wolff & Assac.

While every precaulicn is taken to insure accuracy,
we cannot guarontee ogainst the possibility of an
occasional change or omission in the preparotion of
this index.
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WANTED

SALES
MANAGER

Leading manutacturer of ceram-
ic capacitors needs an aggres-
sive top-flight sales manager.
Our product is used by all of
the larger electronic equipment
manufacturers and is well estab-
lished. This man must have ex-
cellent contacts in this field and
must be able to obtain full co-
operation from our sales repre-
sentatives. This position will
pay upwards of $25,000 per
year, but the man we want will
be accustomed to a high income.
If you think you can meet our
requirements we would like to
hear from you giving full de-
tails. Your reply will be confi-
dential. Box A3-53, Tele-Tech.

ELECTRON
TUBE
TECHNICIANS

We now
have
several openings

Jor

To qualify for one
of these openings
you should be
experienced In

1
[
|
|
|
[
' .
technicians | experimental work
0 work in the I fc'lor r;asearch apd
S eve
Jfabrication | opment 1n
and | vacuum tubes,

. I which includes the
processing Of{ fields of mechanics,
advanced type | electronics,
GZECTI‘OTZ Zube | Chemistry and

research | high-vacuum
models. | techniques.
|
|

ADDRESS RESUME OF TRAINING
AND EXPERIENCE TO

HUGHES

RESEARCH AND
DEVELOPMENT LABORATORIES

Technical | cuLver cITy,
Departmenf | CALIFORNIA

|
|
Personnel | LOS ANGELES COUNTY,
|
|
1
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ETINS

Analog Computer

FElectronic Associates, Inc.,, Long Branch &
Naberal Avenues, Long Branch, N. J., will
forward a copy of their new 17-page bulletin
entitled “A Precision Analog Computer’”™ ito
interested engineers upon written request.
Discussions of computer components, ele-
ments, and input-output system are included.

Speaker Enclosure

The paper on the R-J speaker enclosure,
presented before the Radio Club of America,
is now available in printed form and may
be purchased by directing inquires to 11
West 42nd St.,, New York, N. Y. Cost is
fifty cents a copy.

TV Transmitfers

Specifications and installation information
for the series 8000 (low band) and series
12,000 (high band) television transmitiers are
described in separate hulletins published by
Allen B. DuMont Laboratories, Inc., 1500
Main Ave., Clifton, N. J.

Communication Tape Monitor

A fully illustrated eight-page brochure
describing an automatic tape monitor system
for recording radio and phone communica-
tions is available from Magnecord, Inc., 225
W. Ohio St., Chicago 10, IIl. This recorder-
reproducer, originally developed for the
CAA, permits four simultaneous signal re-
cordings on standard 14 in. tape.

Microwave and Telephone

The economic aspects of multi-channel
operation of telephone and telegraph circuits
over microwave radio links are analyzed
in bulletin 72A-P16, published by the Len-
kurt Electric Co., San Carlos, Calif.

Integrator

The Instron Integrator is the subject of a
new bulletin just released by the Instron
Engineering Corp., 2 Hancock 8t., Quincy
71, Mass. Applications, general description,
principle of operation, input requirements,
and technical specifications are presented.

Bobbin Winder

George Stevens Manufactwring Co., Inc,
Pulaski Road at Peterson, Chicago 30, Il
has released a new catalog sheet illustrating
and describing model 119-A bobbin winder
{economy box—cam operated) and model
T-102 dereeling tension for extremely fine
wire.

Power Tetrode

A new technical data sheet on Los Gatos
Brand 4D21 power tetrode has been re-
leased bv Lewis & Kaufman, Ltd.,, 52 El
Rancho Ave., Los Gatos, Calif.

FCC Modifies
Operating Rules

The FCC has relaxed its Operator
Requirement Rules for many AM and
FM stations, permitting remote control
of such stations. This has been hailed
as major victory for the NARTB, whose
petition of Feb. 1, 1952, initiated the
Commission’s Rule. The amendments to
the FCC Rules will permit: (1) Per-
sons holding restricted radiotelephone
operator permits or higher class of
licenses to stand the required regular
transmitter watches at AM and FM
stations employing  non-directional
antennas and operating with powers of
10 kw or less, and (2) Remote Control
of such stations. The FCC states, also
that operation under the CONELRAD
plan for defense measures in case of
air raid alerts (see p. 85 of this issue)
is possible by operators holding other
than first-class radiotelephone authori-
zations.

ELECTRONIC
ENGINEER
WANTED!

An established business organi-
zation engaged in development
and manufacture of products for
VHF and UHF Television Appli-
cation, requires an individual
qualified to work independently,
to organize, and to supervise de-
velopment projects.

This position is to be permanent
and will offer the opportunity for
unlimited advancement to a suc-
cessful career. Offers stimulating
and congenial surroundings in a
newly acquired plant.

Attractive Salary

Write stating qualifications

Blonder-Tongue
LABORATORIES

526-536 North Avenue
Westfield, New Jersey

0000 0000000000000 000000000000 00000000000000000000000000000
000000 RCORO0RVVPOROOROVOPPRP0O0 200000000000 0000000000000K

"ENGINEERS _
TELECTRONICS
TOP JOBS

We are a large established Company.
Company which is spearheading a dy-
namic expansion program in the Elec-
tronic Tube field. Top quality men are
needed to augment our present staff.
Development—Creative mechanical en-
gineering talent required to visualize
tomorrow’s products today, in product
development, procedure, equipment.
Should possess manufacturing, research
or engineering background in this field.
This opening presents a challenge to a
qualified man whose abilities and knowl-
edge presently are restricted.
Application—An inventive, ingenious
engineer with a background in elec-
tronic circuits. One whose abilities (EE
preferred) can meet the constant chal-
lenges of tube application. Personality
and persuasiveness are desirable attri-
butes.

Tube Production—A-1 man required for
tailormade position for experienced re-
ceiving tube plant manufacturing execu-
tive. Qur expansion program is sole
reason for considering applicant from
another company.

All replies are strictly confidential. Qur
management is aware of these openings.
Please submit resume.

Box 353.
Tele-Tech,
480 Lexington Ave,
New York 17, N. Y,
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