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ADDED ATTRACTION—Response
of readers to our articles on com-
ponent design trends has been like
the proverbial snowball. Engineer-
ing data obtained for the article on
relays, in this issue, snowed under
author Rockett but when the skies
cleared he found that a good deal
of the material covered choppers.
So, he convinced us that they should
be the subject of an additional
article in the series. Frank, inci-
dentally, is a former associate
editor of ELECTRONICS.

AUTHOR, AUTHOR—Permanent
contributions to the art and indus-
try were made by nearly 500 engi-
neer-authors of bylined articles pub-
lished last vear in these columns.
Busy as they were with routine
technical emergencies, these men
found time to gather material and
prepare manuscripts describing
their designs for the benefit of
others.

Contributing engineers can be
identified by referring to the list
of authors in the annual index pub-
lished in the December, 1954 issue.
This index also contains a cross-
index of feature articles, and
shorter articles that appeared in
Electrons at Work, Production
Techmiques and Backtall during the
year. Totaling 1,730 entries, the
index was prepared by assistant
editor Findlay who, in the final
stages of preparation, often rushed
off screaming into the night.

CATALYSTS—Many developments
of interest to our readers are diffi-
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Transformers ............c...ooeoen 46
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TALK

cult to latch onto for publication be-
cause several engineers are involved
in the original work. Although each
may deliver a paper on his own
portion of the project, he is under-
standably reluctant to prepare one
covering the complete equipment.
Editors perform an important
function when such a situation
arises, that of tying several papers
together into a wunit, a complete
article for the magazine. Such a
wedding of papers is to be found
in the article “Repeater Amplifies
in Either Line Direction” in this
issue. A colleague of the authors
tells us that we have a technical
scoop. We thank Bell Laboratories
for photographs taken to order.

h5—FLERR B O EE

OVERSEAS — The hieroglyphics
above seem to be the Japanese
translation of the title of an
ELECTRONICS article, “Design Tech-
niques for Color Television Re-
ceivers” (Feb. 54). Permission to
reprint an article from the maga-
zine is sometimes given to foreign
publications and, when proof pages
are sent in, amateur linguists in
the office try their skill (?) at
pronunciation. Not a peep resulted
when proofs came in from Elec-
tronician, published in Tokyo.
The title looks like this.

& ¥ |3

LOOKING BACK-—Plaudits from
readers may be more welcome than
brickbats, but sometimes these

EDITORIAL STAFF plans a coming issue. Standing: D. Findlay, E. Palmquist,
W. Arncid, H. Manoogian. Seated: J. Markus, W. O'Brien, A. McKenzie, W. Mac.
Donald, V. Zeluif, J. Carroll

plaudits strain our modesty a bit.

The special Mechanical Design
section that appeared in the Octo-
ber issue got its share of comments,

“extremely well done grand
issue wonderful job . . . our
engineers devoured it enthusi-
astically.” We gagged a bit on that
last one.

NOT FOR CASUAL READING
Most readers of ELECTRONICS select
and study first the features and
departmeants that deal with subjects
involved in their own current work.
To help them locate articles of par-
ticular interest we have expanded
and rearranged our contents page
so that page numbers for both fea-
ture and department articles are
now found in one place, in the front
of the book.

Sympathy is extended to the cas-
ual reader. Qur editorial coverage
for the year 1954 achieved the
rather staggering total of 1,717
pages. Allowing only one minute
for a glarce at each editorial page,
it would take 28.6 hours to go
through the year’s issues. One

couldn’t do much actual reading in
this time, and would have no time
at all to study circuit diagrams,
curves or tables. Yet readers often
tell us that they read the magazine
“from cover to cover”. We feel
proud of our work when it happens.

CASTING SHADOWS BEFORE
Just three years ago the department
Production Techniques began. Peri-
odically, associate editor Marknus
sallies forth into plants arcund the
country in assiduous search for
the latest manufacturing methods.
Seldom less than ten and as manv
as 85 photographs are taken in each
plant. Thanks are due to the many
companies that have cooperated in
making their techniques available,
and to engineers that have con-
tributed preduction articles.

An IRE professional group has
now been set up to study this same
subject. The scope of Group G-22
is to promote technical progress
. . . by collecting and distributing
information on advances in meth-
ods, processes, materials and com-
ponents.
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NEW'! NEW!
NEW'!

MAGNETIC
VOLTAGE REGULATORS

These Magsetic Voltage Regulators, or Regulating Trans-
formers, ase the first units in o comprehensive line of
equipment of this type being developed by Sorensen.
They are primarily intended for incorporation into other
equipment,. where performance becomes more effective
when the ncoming line voltage is stabilized. However,
they can be used as auxiliary line stabilizers.

The units mow available have capacities of 15, 30, 60,
and 120 VA. Soon to be added will be units of 250, 500,
and 1000 \ A capacities.

ELECTRICAL SPECIFICATIONS

Input voltage range 95-130 YAC, 16, 60 cycles.
Output range 115 VAC, RMS, 19.

Regulation accuracy +0.5% against line changes.
Load conditions. +0.5% against line at any given load from 0 to full load.
Time constant From 2 to 6 cycles for line changes.

MECHANICAL SPECIFICATIONS

Model MYR15 .. Length 6Y4", Width 273", Height 3}4""
Model MYR30 .. Length 61", Width 274"/, Height 315"
Model MYRS0  length 8%, Width 315", Height 414"

Model MVR120 .. " length 95", Width 314", Height 414"

Send for Catalog MVRI, which gives full infor-
matian on the magnetic voltage regulator line.

Since Sorensen is now offering a new type of line voltage regulator, your
inquiries regarding special requirements in magnetic voltage regulators
will be welcomed. Write to the Sales Engineering Department, Sorensen &
Co., Inc., 375 Fairfield Avenue, Stamford. Conn.

SORENSEN

SORENSEN & CO., INC., 375 FAIRFIELD AVENUE, STAMFORD, CONN.

Want more information? Use post card on last page.

www-americanradiohistorv.com
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THIS INTERESTING QUARTERLY WILL BE
MAILED FREE TO ANY PART OF THE
WORLD

For almost a century Muirhead & Co. Limited

8 MeV LINEAR ACCELERATOR FOR X-RAY THERAPY

STl s s ——— have manufactured precision electrical instru-
e R e g ments, and to-day the range of products
et L ey Tl includes measuring instruments for educa-
:_____j:u:—‘—ﬁ”—é’/”';:jf" i tion and industry, synchros and remote
e control systems, and facsimile transmitters
—_—— PICTURE TRANSMITTER AIDS PEST CONTROL

STE=— o i bi g L and recorders.

- — s —

- —— e —— ] —_——,———— THE USE OF MAGSLIPS IN CONJUNCTION WITH
WEIGHING MACHINES

—_—— ]

Each issue of ‘‘ Technique
contains details of the newest
Muirhead products and of
scientific developments in
which Muirhead instruments
have played an important part. If you think
this publication would interest you, we shall
be pleased to place your name on our mailing
list. Write under your business letterhead
to the address given below.

MUIRHEAD

PRECISION ELECTRICAL INSTRUMENTS

MUIRHEAD & CO. LIMITED - BECKENHAM - KENT - ENGLAND

ELECTRONICS — January, 1955 Want more information? Use post card on last page. 5
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1948 1949 1950 1951 1952 1953 1954
Latest Previous Year Laotest Previous Year
Month Month Ago Month Month Ago
RECEIVER TV SETS INSTALLED
PRODUCTION (Source: NBC Research Dept.)  Nov.'54 Oct. '54 Nov. ‘53
{Source: RETMA) Oct. '54 Sept. '54 Oct. ‘53 Total sets ... ... 32,262,000 31,674,000 26,364,000
Television sets, total ... 921,476 947,796 680,433
With UHF ... .. .. 161,431 136,613 202,605 BROADCAST STATIONS
Color sets . ......... 2,907 14,538 (Source: FCC) Oct. ‘54 Sept. ‘54 Oct.’53
Radio sets, total ... ... 997,788 932,323 1,052,493 TV stations on air. ... .. 431 428 315
D “ESN e g LEs W 49,77} TV stations CPs—not on air 147 150 230
Home sets ....... 343,269 352,499 370,178 R s B S 167 e o
Clock radios .. ... ..... 220,505 207,226 189,230 A-M stations on air 2627 2616 2,497
Portable sets ......... 97,331 76,271 135,009 A-M stations CPs.not on air 126 B o
Auto sets . 336,683 296,327 358,076 A-M stations —new requests 137 137 187
F-M stations on air. .. 558 559 566
RECEIVER SALES E—m Ss'f.att..ionss C'F:es -not oentair lg 14 Zg
(Source: RETMA) 0ct. 54 Sept. ‘54 oct. ‘53 R B g 2
Television sets, units . .. 799,164 986,136 621,768 COMMUNICATION AUTHORIZATIONS
Radio sets (except auto) 570,285 763,589 385,229 (Source: FCC) Sept. ‘54 Aug. 54 Sept. ‘53
Aeronautical .. ........ 39,900 40,695 42,427
RECEIVING TUBE SALES Marine S — 47,882 47,360 42,931
(Source: RETMA) Oct. ‘54 Sept. ‘54 Oct. '53 lPt;'ice, .ﬁlres etes . Mo ég,ggg 16,109 14,02:
Receiv. tubes, total units 42,347,794 40,966,063 34,928,108 ndySthaly Free Vv 2 22,132 e
Receiv. tubes, value $29228.992 $28.953,592  $25,393.879 ka"dt tiagspogtationl =. . 4 12;'261,2 126'322 112%8;
Picture tubes, total units  1269,674 1,149,791 948,593 et e Pl ) 2'143 g
Picture tubes, value ... $26,597,702 $23,892,469 $23,994,184 ey R 306 B ook
Experimental . ... . ... 607 600 476
SEM'CONDUCTOR SALES Common carrier . ...... 1,730 1,699 1,327
Sept. ‘54 Aug. ‘54 Sept. ‘53
Germanium diodes, units 1433 021 1. T 870.555 EMPLOYMENT AND PAYROLLS
Silicon. diodes, units { ! e ! (Source: Bur. Labor Statistics) Sept. ‘54 Aug. '54 Sept. ‘53
Prod. workers, comm. equip. 365,200-p 357,000-r 408,200
,———Quorterly Figures——— Av. wkly. earnings, comm. . . $69.95 -p $69.03 $68.38
i - N Av. wkly. earnings, radio. . . $68.57 -p $67.66 -r $66.17
test revious ear Av. wkly. hours, comm._ . .. 402 -p 39.9 40.7
INDUSTRIAL & .
uarter Quarter Ago Av. wkly. hours, radio. . ... 401 -p 39.8 -r 40.1
TUBE SALES
(Source: NEMA) 3rd ‘54 2nd '54 15t '54 STOCK PRICE AVERAGES
Vacuum (non-receiving) $8,803,740 $8,971,335  $10,400,000 (Source: Standard and Poor's)  Nov. 54 Oct. '54 Nov. 53
Gas or vapor . ....... $3,570,586 $4,589,239 $3,300,000
':ﬂh:;r‘:;‘rb::s D e e N.R. $700,000 Radio-tv & electronics 4546 360.4 253.4
modulation tubes ...  $13,112,244 $16,135274  $10,500,000 Radio broadcasters ......... 4081 400 252.3
Gaps and T/R boxes. ..  $1,476,407  $1,517,426  $1,700,000 p—provisional; r—revised
N.R.—not reported *9 mos.
HGURES UF 'I'HE YEAR TOTALS FOR FIRST TEN MONTHS
1954 1953 Percent Change 1953 Total
Television set production 5,654,791 6,204,803 — 8.9 7,214,787
Radio set production 8,040,230 11,201,656 —28.2 13,368,556
Television set sales 5,444,227 4,922,128 +10.6 6,375,279
Radio set sales {except auto) 4,602,989 4,911,415 — 6.2 7,064,485
Receiving tube sales 308,398,701 382,080,558 —193 437,091,555
Cathode-ray tube sales 7,746,240 8,501,445 — 8.9 7,582,835
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INDUSTRY REPORT

electronics—January * 1955

Projection Receiver Enters Color Television Field

Plug-in Schmidt system gives
13 x 18%-in. picture. Cost
may rival that of direct-view

DEMAND for large-screen color tele-
vision sets has revived interest in
projection television. The set in
the photograph is one of two
models built by Hazeltine and re-
cently demonstrated to nearly 30
receiver manufacturers.

» Plug-in Optics—The complete
projection system ready to plug
into the set would be furnished to
set manufacturers by the Ameri-
can Optical Co. Unit price in
quantity of 100,000 per year would
be $250. This compares with an
estimated $225 for a direct-view
tricolor tube with its yoke.

Six reeeiver manufacturers
have ordered sample optical sySs-
tems at $900 each for their engin-
eering departments. Production
optical systems would be available

in four months with consumer pro-
duction possible in 10 months.

The three 2.5-in. projectio:
tubes will be supplied initially by
North American Philips and later
by Tung-Sol Electric. The tubes
now cost $12.50 each but sell in
Europe for $5.

The Liberty mirror division of
Libby Owens Ford will manufae-
ture the dichroic mirrors.

» Electronics—The receiver chas-
sis will be similar to present
direct-view color chassis. Four ad-
ditional tubes are required to keer
the color tubes in registry. How
ever, Hazeltine engineers claim
that a 12AX7 and a ballast will do
the trick. The set requires a 25-kv
power supply with 100 micro-
amperes going to the blue and
green tubes and 200 to the red.

The set provides a 13 x 18%-in
(240 sq in.) picture, equivalent to
that of a 21-in. direct-view tube.
The cabinet is only 24 in. deep. A

2 SEREUR
Receiver employs three projection
tubes (left) and 25-kv pawer supply

15 » 20-in. (285 sq in.) picture can
be provided, corresponding to a
24-in. picture tube,

» Performance—When observed
receiving films and slides over a
closed circuit, the set showed

ELECTRONIGRAPHS—A Year-End Glance at Electronics Industry Figures
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More charts following -
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INDUSTRY REPORT— Continued

excellent registration, good color
reproduction and good mono-
chrome reproduction. Screen di-
rectivity is largely in the verti-
cal direction and there was no ap-
parent difficulty in viewing the

picture in normal room illumina-
tion.

The lowered contrast inherent in
projection systems did not seem
objectionable. The twin color re-
ceivers demonstrated showed pic-

tures of equal color values. In pro-
jection television, colored filters can
be place in front of the projection
tubes to correct the spectral dis-
tribution of light from different
phosphors.

Engineers Humanize Research Computer

Navy’s $2-million machine per-
forms arithmetic like a person
—but much faster

DEVELOPMENT of large-scale com-
puters has been largely a quest for
speed, capacity, accuracy and re-
liability. The NORC, Naval Ord-
nance Research calculator, pro-
vides all these things and what’s
more, makes life easy for its
operator.

The machine is completely deci-
mal in all operations outside its
electronic heart. It performs
arithmetic a digit at a time much
like a human being. Continuous
write out of results during cal-
culation enables the operator to
follow the work and modify it
when necessary. The computer can
point off decimal places as de-
sired.

» Performance—The NORC is a
special-purpose computer designed

Operator can study computing processes in slow-motion detail

to tackle scientific problems that

would be unreasonably lengthy
even when done on the largest
general-purpose machines. It can

ELECTRONIGRAPHS Continued

add two 13-digit numbers in 15
microseconds and multiply them
in 81 microseconds. Characters are
read in from eight high-speed mag-

(Continued on page 10}
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: For your most important
o e electronic control
. applications

Complelely ruggedized tubes developed
espexciallv for the Armed Forces to operate
under conditions of severe shock and
mechanical vibration.

Sylvania premium performance
tubes offer high reliability for
applications in electronic computors
and guided missiles.

SYLVANIA GAS TUBES

To Meer your electronic control equipment needs; A° SYLVANIA TYPE FOR EVERY NEED

whether military or commercial, Sylvania offers a wide Type Application
. . g 0A2 4 4 & 3 € ': w . voltage regulator
selec}non pf gas tubes .engmeered to meet the most rigid 0A4G . o re,ay and grid controlled rectifier
specifications. These include tubes for commercial use 0B2 . . & obococ ow . . . voltage regulator
. . . liabl f . ited 0B3 . . . . . . . . . . . . voltage regulator
in applications where reliable performance is require 0c3 = s cwm voltage regulator
under difficult conditions of shock and vibration. Some ob3 . . . . . . . . . . . . voltaceregulator
. . A 1B59/R1130B . . . . . . . .glow modulator diode
Sylvania gas tubes have been especially designed to 1D21/SN4 . . . . . . strobotron
MIL-E- cifications. 2021 . . . . L L. relay and gnd controlled rectifier
meet MIL-E-1 specilic 2D21W . . . . . . relay and grid controlled rectifier
\ o R4330. . . . . . . . . . . . . . .strobotron
Whatevef your needs, you Aca‘n select any Sylvania SA13 . L e
gas tube with confidence that it is manufactured under SA309 . . . . . . . . . . . . . .strobotron
. 1237 . . . . . . . . . . . . lll-wave rectifier
the ?ame S.tandards of quallty'and depend- 2A5 . . . . . . . . . . . . . . trigger tube
ability which recommend their use in vital 5643 . . . . . . . . . . . . . . .relay tube
arq . 5644 . . . . . . . . . . . . wvoltage regulator
military equipment. 5651 . . . . . . . . . . . . voltage reference
- . 5823] ¥ & « B . . vrelay, rectifier
Sylvama S complete line Oﬁers you de- 6D4 . . . L L reluy, relaxanon osc. noise generator
pendable tube types for your most im- 6308 . . . . . . . . . . . . voltage reference
6483 . . . . . . . . . . . trigger tube

portant control functions.

SYLVANIA

Send for new bullehn for complefe data
on Sylvania Gas Tubes.

Sylvania Electric Products Inc.
1740 Broadway, New York 19, N. Y.

Please send Technical Data on Sylvania Gas Tubes.

-+

SYLVANIA ELECTRIC PRODUCTS INC. - 1740 BROADWAY, NEW YOFK 19, N. Y. Company

In Canada: Sylvania Electric (Canoda) Ltd. Address

University Tower Bidg., St. Catherine Street, Montreal, P, Q.

City Zone State

l
t
|
|
|
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|
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{
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INDUSTRY REPORT— Continued

netic tape units at 70.000 per
second while the two output print-
ers can type 18,000 characters per
minute. The NORC is a develop-
ment of IBM’s Watson Laboratory.

The machine will be installed at
the Naval Proving Ground, Dahl-
gren, Va., where one of its first
tasks will be computing ballistics
tables. The NORC contains 8,000
electron tubes and 25,000 diodes.

» Reliabilitv—A bank of 3-in.
cathode-ray tubes comprising the
register shown at the left in the
photograph enables the operater
to check any number in the com-
puter. The NORC installation in-
cludes a room devoted to dynamic
testing apparatus for servicing the
plug-in units that make up the
computer.

Dynamic testing subjects the

Early Warning Radar Goes Airborne

Super Constellations flying
round the clock serve also as
CIC’s for Air Force and Navy

GROUND-BASED and shipborne long-
range radar stations are being
transferred to aerial command posts
for earlier detection of an enemy’s
air or ocean approach, along with
combat information centers (CIC)
for directing interception efforts.
WV-2 Super Constellations, modi-
fied to take 6 tons of radar gear and
a 26-man operating crew, are used
for this purpose by the Navy, and
almost identical RC-121's are in
service for the Air Force. Release of
this story coincided with a report
from Washington that the Navy re-
cently awarded Lockheed Aircraft
Corp. the largest order ever placed

One of Navy’s new WV-2 Super Con-
stellations, on which belly blister is
search radar antenna, fin atop fuse-
lage is for height-finding and nose
blister contains storm-detection radar

Interior of flying CIC, showing some of
the radar stations in the 48-ft cabin

ELECTRONIGRAPHS Continued

circuits to all conditions to be an-
ticipated in service and pinpoints
trouble. Maintenance is simplified
by using only 60 circuit types
throughout the computers. Actu-
ally six circuit types account for
nearly half the circuits. In four
hours of errorless operation,
NORC can do more work than a
computer of 10 years ago did in its
entire lifetime.

for Super Constellations up to now.

» Demonstration—From Barber’s
Point Naval Air Station on Oahu
a WV-2, delivered across the Pacific
only the day before, took off before
dawn in squally skies to find its flat-
top quarry ‘“somewhere south of
Hawaii” in the first simulated exer-
cises for newsmen. Capitalizing on
altitude to sweep an area vastly
greater than could any mast-high or
land-based radar, the radar scopes
soon picked up the target.

Speed and course were deter-
mined by technicians at five plotting
consoles, each viewing a different
presentation or segment of the basic
radar picture. These and other aux-
iliary radars also monitored posi-
tions of accompanying jet fighter

and torpedo bomber squadrons, to
(Continued on page 12)
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ELECTRONICS — January, 1955

Here's What's New

in Vitamin Q°
apacitors

PRAGVE
3\1 ami Q
L

Now you can have Sprague’s famous submiri-
ature paper capacitors in new styles that make
vibration-proof mounting simple . . . make har-
ness wiring faster. New straddle milled flats on
standard threaded necck units let you insert the
neck in flatted openings. A simple nut and lock
washer permanently locks the capacitor to the
chassis. In addition, you can now obtain
Sprague subminiature paper capacitors with
solder tab terminals, eliminating the problem
of splicing leads to wires. Insulating outer
sleeves for 125°C mounting are also available.

Sprague’s Vitamin Q capacitors are available
in ratings and mechanical designs far beyond

NEW
subminiature paper capacitor

mounting styles speed and simplify
circuit assembly with—

® Flatted Necks
® Solder Tab Terminals

@ Insulating outer sleeves

for 125°C applications

those called for in specification MIL-C-25A.
For example, both inserted tab and extended
foil designs are available in working voltage
ratings up to 1000 vdc.

Positive hermetic closure is assured by glass-
to-metal solder seals, which unlike rubber
compression-type terminals, cannot be twisted
during wiring assembly.

Complete information on Sprague subminia-
ture paper capacitors in all thirteen case styles,
is provided in Engineering Bulletin 213C, avail-
able on letterhead request to the Sprague
Electric Company, 35 Marshall Street, North
Adams, Massachusetts.

WORLD’S LARGEST CAPACITOR MANUFACTURER

Export for the Americas: Sprague Electric Interrational Ltd.

North Adams, Mass. CABLE: SPREXINT

Want more information? Use post card on last page.




INDUSTRY REPORT— Continued

whom went radioed flight orders.

More instructions went out as the
fighters closed in from various an-
gles for optimum surprise and min-
imum retaliation. In a matter of
minutes after sighting by radar,
the target Kearsarge was theoreti-
cally crippled.

» Significance—Though total or-
ders have not been revealed, it is
evident that six tons of lightweight

electronic equipment in each air-
borne CIC will mean sizable busi-
ness for the electronic industry. In
addition to search radar, the orders
will include height-finding radar
working from a 7-foot-high fin-
shaped antenna blister atop the
fuselage, storm-warning radar,
loran and other navigation aids,
multichannel radio communication
equipment, radar scope cameras, in-
tercoms and a small electronic shop.

Soundcasting Continues Profitable

Number of a-m and f-m sta-
tions continues to show a net
increase

DESPITE dire predictions that a-m
broadcast networks may be on the
verge of dissolution, standard
broadcasting stations themselves
are generally healthy and growing
in number. Total of a-m and f-m
stations on the air at the last count
is 3,185—more than double the
1947 total. Broadcasting revenue
(before Federal taxes) has fluctu-
ated both sides of $60 million (as
shown in the graph) and was down
only 8.4 percent in 1953.

» Stayving Afloat—Growth of tele-
vision undoubtedly slowed f-m just

ELECTRONIGRAPHS
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YEARS
as it cut revenues immediately

available to a-m. Many f-m out-
lets are merely adjuncts to the a-m
moneyvmaker and do not add signif-
icantly to income production. Av-
erage income per station is there-
fore less as stations increase.

Frequency modulation may

Continued

prove a sleeper, owing to the high
fidelity and extreme versatility of
which only this medium is capable.
Multiplexing makes possible both
a home program and a functional
program (from which advertising
revenue can be obtained) to serve
two different audiences.

For superhigh-fidelity listeners,

the pair of channels can be used
for binaural musical effects. Mul-
tiplexing other services (like po-
lice, fire or other mobile radiocom-
munications) has been suggested
as a means of conserving radio
spectrum and increasing revenue
from f-m.
» Cutting Costs—The average a-m
plant is probably very much more
efficiently run than its prewar
counterpart. Development of new
and reliable electronic equipment
has played a major part in econom-
ical operations.

The FCC recognizes reliability
by reducing necessary technical
qualifications for most operating
personnel. It further allows unat-
tended remote control of many f-m
and a-m transmitters (using wire
lines or radio links). Some 720
stations have remote authorization
—nearly a quarter of the total sta-
tions on the air.

Latest electronic aid is exempli-
fied in a type of multiple magnetic
recorder that programs the non-

network station from prerecorded
{Continued from page 14)
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CUT CORES
TOROIDAL

il
"kuoiu

RANGE OF MATERIALS

Depending upon the specific
properties required by the applica-
tion, Arnold Tape-Wound Cores
are available made of DELTAMAX
. . . 479 MO-PERMALLOY . . .
SUFERMALLOY ... MUMETAL
...4750 ELECTRICAL METAL...
and SILECTRON.

RANGE OF SIZES

Practically any size Tape-Wound
Core can be supplied, from a frac-
tion of a gram to several hundred
pounds in weight. Toroidal cores
are made in twenty-seven standard
sizes with protective nylon cases.
Special sizes of toroidal cores—and
all cut cores, square or rectangular
cores—are manufactured to meet
your individual requirements.

ELECTRONICS — January, 1955

4nyf6/ng You May Need in
PE-WOUND CORES

RANGE OF TYPES

In most of the magnetic materials
named, Arnold Tape-Wound Cores
are produced in the following
standard tape thicknesses: .012"
.004”, .002”, .001”, .0005", or
.00025”, as required.

For cemplete details, write for Bul-
letins TC-101A4 and SC-107.

A@”z' Zeowed

Let us help with your core prob-
lems for Pulse and Power Trans-
formers, 3-Phase Transformers,
Magnetic Amplifiers, Current
Transformers, Wide-Band Trans-
formers, Non-Linear Retard Coils,
Reactors, etc.

ADDRESS DEPT. E-51

——

W&D 5465

ARNOLD ENGENEERING COMPANY

SUBSIDIARY CF ALLEGHENY LUDLUM STEEL CORPORATION
' Genercl Office & Plant: Mcrengo, lllinois
. D]STRI(T SALES OFACES . . . New York: 350 Fifth Ave. 3 j

Los Angeies 3450 Wllshlre Blvd Boston 200 Perkeley SI‘@ X

ey

Want more information? Use post card on last page.
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INDUSTRY REPORT— Continued

tape during a whole evening. An
ultrasonic tone following each
musical selection shuts off pro-
gram and turns on the local an-
nouncement tape.

Following the announcement,
the same kind of ultrasonic tone
cues in the program again. Per-
sonnel who have recorded an-
nouncements early in the day can
be freed for other tasks—or al-
lowed to go off duty, without pay-
ment of overtime wages. Network
line charges are likewise eliminated.

20-MM Transmitter
Rides The Range

radio

transistorized
transmitter goes in the nose of 20-mm
projectiles to aid U. S. Naval Ordnance
Lab study of projectile flight proper-

Plastic potted

ties. Its signals are picked up on
antenna strung along the firing range.

Color Set Makers

Field is relatively quiet as
manufacturers weigh commer-
cial introduction dates

WITH monochrome set sales reach-
ing healthy proportions during the
Christmas rush, tv set makers were
inclined to do little worrying about
1955 and color. However, in De-
cember two companies announced
color set production plans and
there were signs that others were
preparing to jump off the color
fence.

» Sets—RCA began commercial
production in December of receiv-
ers using its 21-inch tricolor tube
and scheduled shipments to dis-
tributors for late in the month.
Sets are expected to be available in
dealer stores in January at $895.
Only limited production is planned
initially and work is continuing to
further reduce cost.

As a result of improvements in
the convergence and focusing cir-
cuits, the control knobs, previously
on the side of the cabinets, have
been placed inside the cabinet as
an adjustment for servicemen only.

Hoffman Electronics, formerly
Hoffman Radio, also introduced a

Get Set For '55

ber and planned limited production
for the first quarter of 1955. The
set utilizes the 21-inch three-gun
RCA tube and will retail between
$895 and $995.

» Future—What tv set manufac-
turers expect for sales in 1955 was
evident in RETMA'’s annual infor-
mal poll of guess estimates. Re-
sults indicate industry sales expec-
tations for 1955 of 6.9 million tv
sets and 10.7 million radio receiv-
ers. An average of the guesses set
1955 black and white sales at 6.6
million and color sales at 300,000.
The color guesses ranged from a
high of 750,000 units to a low of
50,000. Estimated radio sales were
6.9 million home sets and 3.8 mil-
lion auto sets.

Parts Distributors
Keep Growing

More companies enter the field
as sales volume increases and
markets enlarge

PORTION of total electronies indus-
try sales accounted for by elec-

Button battery in center powers unit new 21-inch color tv set in Decem- tronic parts distributors has
(Continued on page 16)
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< IF You Manufacture

MERCURY LAMPS HERMETIC SEAL 8 HEAD

»’ - 13
—  Diodes, Transistors,
: Hectronic Tubes

5

then KAHLE machinery

is best foryou...

largest manufacturer
of sealing machines
for the electronics
and allied industries

RADIO RECEIVING TUBES
SEAL EXHAUST MACHINE FLUORESCENT LAMPS 8 HEAD CR TUBES 16 HEAD

Experience with the widest

range of products to be sealed —
whether all glass seals or
glass-to-metal seals — makes Kahle
your logical source for

sealing machines — stationary, E
automatic or combination.

Kahle automatic combination machines
seal and exhaust in one operation —
produce up to 2000 units : LIGHTHOUSE TUBES

_each hour! Regard!ess of your product : CR TUBES SINGLE HEAD HIGH FREQUENCY SEALING SUB-MINIATURE 12 HEAD
or production requirement,
write KAHLE.

Lo

SPECIAL EXPERJIMENTAL
AND RESEARCH SERVICES
OFFERED BY KAHLE INCLUDE:

‘
g
i
4
!
‘
Fs
:
&
)
;
¢
&
€
t)
€
>
i
®

* Special glass parts and accessories 5
* Special tools for research 3
* Special models 2

* Small-lot manufacture of speciatl
items for research or development ¥ BI-POST LAMPS SINGLE HEAD FLUORESCENT LAMPS 24 HEAD MOULDED NECK LAMPS

* Regular industrial engineering at 3
regular fee or contract rates

* Special tubes, lamps, etc. for research
purposes including elements and parts .

* Any special equipment for manufacture
or research for tubes or lamps

CR TUBE FACE PLATE SEALING
SINGLE HEAD FOR COLOR TV TUBES POWER TUBES 8 HEAD MINIATURE TUBES 12 HEAD

_ Kakle

ENGINEERING
COMPANY

1310 SEVENTH STREET
NORTH BERGEN, N. J.

|

b

N ¢ s GRS,

j

MERMETIC SEAL 12 NEAD POWER TUBES SINGLE NEAD VACUUM BOTTLES

@n

ELECTRONICS — January, 1955 Want more information? Use post card on last page. 15

WWW-americanradiohistorv-com



INDUSTRY REPORT— Continued

grown steadily in the past few
years and may reach a record
volume this year.

According to Market Planning
Service, a division of National
Credit Office, sales of these outlets
totaled $327.9 million in the first 9
months of 1954 compared to $313.0
million for the same period in 1953
for an increase of nearly $15 mil-
lion. The total for the full year of
1953 reached $450.4 million, repre-
senting a 25-percent increase over
1952 business.

» Number—According to National
Credit, there were approximately
160 electronics parts distributors
prior to 1931 while today there are
more than 1,100 in the U.S.
Growth of individual distributors
has also been substantial. There
are now more than 250 branch
locations.

» Business—Tube sales have rep-
resented approximately 24 percent
of sales followed by 27 percent for
electronic components. The re-
mainder is accounted for by vari-
ous end products such as test
equipment.

The industrial market has been
responsible for a substantial part
of the sales gains made by dis-
tributors. An estimated 18 per-
cent of the national distributor
sales volume in 1954 was ac-
counted for by industrial elec-

tronic parts and equipment.
P> Failures — Only a relatively
small number of firms have failed

in the past few years. In 1953, 8

Aluminized Tubes

Nine out of ten tubes for new
sets are aluminized; automatic
machinery cuts costs

RESPONDING to demand for brighter
pictures, picture tube manufac-
turers are currently applying light-
reflecting aluminum mirrors to
screens of up to 95 percent of their
output for the original-equipment
market. Automatic machinery ca-
pable of handling up to 120 tubes

Loading position on automatic alumin-

izer in RCA Marion, Indiana plant

ELECTRONIGRAPHS Continued

parts distributors experienced
financial difficults. In the manu-
facturing side of the business, 33
companies failed during the same
period with higher liabilities.

Dominate TV

per hour, for synchronization with
existing tube production lines, has
made possible this upping of alumi-
nized output in many tube plants.

» Mechanization Setup—Typical of
the new machines is that made by
Stokes for RCA, costing $36,000.
On a 30-second cycle, only one man
is needed to service the 22 self-con-
tained mobile aluminizers that
travel around an oval track in
endless procession. After unload-

Aluminum slug placed in coiled fila-
ment is vaporized by heating filament,
so that molecules of aluminum are de-
positecd on screen

(Continued on page 20)
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. VHF-UHF TUNABLE

BALUN

Used with the ; Admittance Meter

and

The G-R High-Frequency Measuring System
is useful for many types of measurements
on both balanced and unbalanced circuits.

Write for our bulletins describing
the Admittance Meter, Slotted Line,
Balun, High-Frequency Detector
and many other instruments of the
G-R integrated line for work
at VHF and UHF.

Tuning Elements plug in here

~ 50-ohm /
coaxial line

Additional Sections
of air line can be
inserted here

Balanced
Output

1602-B

The Type 874-UB Balun is a unique device for
connecting from balanced to unbalanced systems
over a wide 54 to 1000 Mc range. The balanced
to unbalanced transformation is obtained by using
a semi-artificial, half-wave line made up of two
sections of 50-ohm coaxial line and two shunt
tuning elements.

Admittance Meter

874-UB Baltun
The Balun is made tunable so that the best pos-
sible accuracy can be obtained at any frequency
over its range. This unit is precision tooled and is
of the same high caliber workmanship which has I
become synonymous with the G-R trademark.

GENERAL RADIO Company,

90 West Street NEW YORK 6

8055 13th St., Silver Spring, Md. WASHINGTON, D.C.
920 S. Michigan Avenue CHICAGO 5

1000 N. Seward Street LOS ANGELES 38

874-D50 Adjustable

Type DNT Detector Assembly . . .

ADMITTANCE METERS
AMPLIFIERS
COAXIAL ELEMENTS
DISTORTION METERS
FREQUENCY MEASURING
APPARATUS
FREQUENCY STANDARDS
IMPEDANCE BRIDGES
LIGHT METERS
MEGOHMMETERS

Type DNT
High Frequency
Null Detector

l_\dmittance Meter

For use with the Balun

874-L10 50-0hm Coaxial Air Line

874-L20 50-ohm Coaxial Air Line
1602-B Admittance Meter

New:T-l-:l.igh-Frequency Null Detector ..

. makes possible accurate impedance, VSWR, gain and sen-

sitivity measurements on balanced systems

. . converts grounded signal generators to signal sources

with balanced outputs

. permits accurate measurement of attenuation as well as

impedance of balanced twin-lead, twin-line, other tv trans-
mission lines, and on tv receiver inputs and other com-
munication equipment. Write for the booklet “The
Measurement of Cable Characteristics”

. determines VSWR introduced into 300-ohm twin-lead by

filters, lightning arrestors, etc.

. facilitates measurement of inaccessible balanced circuits

such as tv receiving antennas which cannot be connected
directly to measuring equipment
i Unit Oscillator

3 E Type 874-UB Balul

Type 1602-B Admittance Meter and Balun setup to measure admittance or imped—
ance of converter input. One Type 1208-A Unit Oscillator supplies the vhf power,
while the local oscillator in the Type DNT Null Detector Assembly beats with the

output to provide a 30-Mc difference frequency. This signal is

detected by the new Type 1216-A Unit 1-F Amplifier, also an element of the Null
Detector Assembly.

$75.00 with appropriate local oscillators for cover-
age from 50 Mc to 950 Mc on fundamental
Stub (50 cm) 12.00 frequencies and to 5000 Mc using oscillator
harmonics . .. $628 to $667 depending on

(10cm) 5.00 frequency range

Unit Oscillators

(20 cm) 5.50 211- 500 kc to 50 Mc $295.00
1215-B 50 to 250 Mc 190.00
and accessories 295.00 1208-A 65 to 500 Mc 190.00
available 1209-B 250 to 920 Mc 235.00

WE SELL DIRECT —Prices are net, FOB Cambridge
or West Concord, Mass.

SIGNAL GENERATORS
SOUND & VIBRATION METERS
STROBOSCOPES

TV & BROADCAST MONITORS
U-H-F MEASURING EQUIPMENT
UNIT INSTRUMENTS

VARIACS ®

V-T VOLTMETERS

WAVE ANALYZERS

WAVE FILTERS

MODULATION METERS
MOTOR CONTROLS
NULL DETECTORS
OSCILLATORS

PARTS & ACCESSORIES
POLARISCOPES
PRECISION CAPACITORS
PULSE GENERATORS
R-L-C DECADES

R-1-C STANDARDS
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RAYTHEON FLAT PRESS SUBMINIATURE TUBES provide freedom from
catastrophic glass failures. The Flat Press is your Seal of Reliability.

Raytheon has 15 years experience in manufacturing over 10,000,000 Flat
Press Subminiature Tubes.

The Record shows:

Operation Life. Only 0.0017% glass failures per hundred hours life —
only one failure per 6,000,000 tube hours in 4,200 Raytheon Flat Press Sub-
miniature Tubes operated for 10,000 hours each during the past nine years
as part of Raytheon’s quality control procedures.

Shelf Life. Less than 0.05% failures for glass envelopes and seal defects out
of 151,600 Raytheon Flat Press Subminiature Tubes subjected to six years of
shelf life. No other known tube design has equalled this performance.

RAYTHEON'S FLAT PRESS SEAL scaled into the glass thus eliminating
offers these time-proven advantages over one of the major sources of button
conventional minjature tube metal-to- cracks.
glass seals. e Flexible leads on Raytheon’s Flat Press
e Longer length of lead sealed to glass. Subminiatures permit socketing with-
e The lead material matches the coeffi- out stressing the glass seal.
cient of expansion of the glass through- e This eliminates glass button fatigue
out the entire seal length. No nickel is failure.

Want more information? Use post card on last page. January, 1955 — ELECTRONICS



RAYTHEORN) FLAT

Note these advantages over subminiature button types:
Longer glass to metal seal

Glass heated only once

— no button

— no glass strain

— no lead burning
Reentrant seal eliminates
breakage from short bends
Leads completely tinned
right to glass seal by

dipping in hot solder pot —

an automatic glass strain

,-ﬁ cees ., test — no lead corrosion

.'~2‘~’ ] /w < Flat press with in-line lead

Sy . \ — arrangement means easier

V.S % /g.- socketing, easier wiring, and

e \V’.’ adaptability to printed circwits
e, O g

* Raytheon makes all varieties of reliable, high

quality tubes yet countless users testify that none
have the reliability of Raytheon Flat Press Sub-
miniature Tubes with the Seal of Reliability.

=

RAYTHEDN MAKES ALL THESE:
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INDUSTRY REPORT— Continued

ing a flashed tube, the operator
pushes a small slug of aluminum
into the coiled vaporizing fila-
ment, then drops in a new tube.
Timing of the pumping and flashing
operations is controlled by length
of track contacts.

» Figures—RCA’s tube division,
supplying picture tubes for other
manufacturers as well as for its
own sets, reports that between 80
and 90 percent of its current black-

and-white production for new sets
will be aluminized. GE’s c-r tube de-
partment says 90 to 95 percent of
its 1955 production of 21-inch and
larger tubes will be aluminized.

Sylvania, which recently added
CRC automatic aluminizers to give
an additional 25,000 tubes a month,
savs 90 percent of its total tv pic-
ture tube production is aluminized,
with concentration on 21-inch and
24-inch sizes.

Computer Men Scan Low-Price Field

PINT-SIZED brother of giants like
Univac and the IBM 700 series, the
medium-priced electronic com-
puter is becoming more significant
in business and industry. A major
automobile manufacturer is con-
sidering buying nearly two dozen
machines for inventory account-
ing at widely separated parts
warehouses. A large oil producer
may purchase several machines.

Computers in the middle-price
range cost between $75,000 and
$150,000 and handle about 2,000
ten-digit numbers. Input is usually
manual or by punched cards in-
stead of magnetic tap.

» Recent Jobs—The Underwood
Corp. will deliver its first Elecom

125 in March to Mallory Air Force
Depot, Memphis, Tenn. It rents
for $10,000 monthly and will be
used in inventory control.

Electrodata of Pasadena, Calif.
is installing a $150,000, 1,500-tube
machine at the Socony-Vacuum Oil
refinery, Paulsboro, N. J. This is
the fifth of these Electrodata ma-
chines to be installed. Others are
at Cal Tech, Purdue, Naval Ord-
nance Lab, Corona, Calif. and
Wright Field. The Socony com-
puter, christened Mobilac, will
work on refinery control problems.

Marchant Calculators recently
demonstrated their entry in the
middle-price field. This machine,
called Miniac, sells for $85,000-
$100,000.

ELECTRONIGRAPHS Continued

Diamond-Needle
Market Is Booming

RETAIL DIAMOND NEEDLE SALES

Bl SALES FOR FIRST
8 MONTHS

S

{
1

DOLLAR VOLUME IN MILLIONS
w»

1

Lo 1 1 L - 4
1948 1949 1950 1951 (952 1953 1954

UsE of long-playing records and
hi-fi equipment has hypoed the
needle business. Diamond phono-
graph-needle sales have jumped
more than tenfold in the last six
yvears. Since 1948, over $29.5-
million dollars worth of such
needles have been sold, at approxi-
mately $20 a needle.

» Other Markets—In addition to
phonograph-needle sales, about
70,000 diamond needles are sold
each year for use in disk and belt-
type office dictating machines. An
estimated 40,000 needles per year
are sold for original equipment
and replacements in juke boxes.

A handful of companies supplies

most of the diamond needles sold
(Continued on page 22)
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SALES REPRESENTATIVES
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Sipck s D

ISOLATORS

— 7 N
BARRY MOUNT
—\ :

effective
in all
directions

—— Pinte Oty

Reyfa@ean Mig, Ca _—

Type 1000-2000-4000-3000 Barrymounts isolate
short-duration shock and high-frequency
vibration above 45 cps.

Four sizes: Load ranges of 7 to 50 Ibs,, 15 to

125 lbs., 100 to 450 lbs., and 70 to 350 lbs.

Positive self-captivation security is a feature
obtained by the design and assembly

of the metal parts.

Smooth load-deflection turves through rubber-in-
compression construction, assure protection of
sensitive equipment in vehicular and shipboard
installations. Vertical natural frequency at

rated loads is 25 to 30 cps.

Equal stiffness in all directions permits use in
any attitude.

Write today for information on these Barrvmounts.

WWW-americanradiohistornv-com

Dec you know about

these Barry services?

¢ Basic research on
shock, vibration,
and noise control

® Product testing
and analysis

€© Application
engineering

¢ Development
engineering

¢ Prototype service

Call your nearest
Barry Representative

707 PLEASANT STREET
WATERTOWN 72, MASS.

IN ALL PRINCIPAL CITIES

Want more information? Use post card on lnst page.
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INDUSTRY REPCRT— Continued

in this country. One of these
specializes in phonograph-needle
production and the others supply
needles for dictating machines.

» Compelition—The most impor-
tant competitor of the diamond is
the sapphire needie. One magnetic-
cartridgs manufacturer reports
that its sapphire-needle unit sales
in 1954 have been 3.5 times as
great as its diamond-needle sales.

Approximately 12-million sap-
phire needles are sold each year in
the U. S. Of this number, 4 million

e, e

Civil-Defense Helmet

Experimenta! helmet for civil defense has
an insulated enterina on top and a small
loudspeaker ins de. The fireman wears a
gas mask with a built-in microphone and

in 1953 and 3 million in 1954 were
manufactured in this country. The
majority of the balance were im-
ported from Switzerland.

All domestic needles are made
of synthetic sapphire and are pro-
duced from rods available from
one company in this country.
Swiss needles are natural sapphire
and most are supplied by a New
Jersey importer. The average cost
of a finished but unmounted sap-
phire is ten cents for both domes-
tic and imported needles. Retail
price varies from $1.50 to $2.00.

» Future—Diamond needles are
sold mostly as replacements. with
only a small fraction going into
original equipment in high-priced
phonographs. In 1955, at least
two large phonograph manufac-
turers are planning to use diamond
needles as original equipment in
their $150-range equipment.

It is estimated, on the basis o
replacement sales and original
equipment use, that in 1960 there
will be a potential market for 2.2-
million diamond needles at a re-
tail value of 44-million dollars.

More Two-Way Radio Goaled

GrowTiI of radiotelephone com-
munications with moving vehicles
is a phenomenon often charted or
displayed graphically. Users who
find themselves crowded or those
who would like to become users
take cold comfort in being consid-
ered mere statistics.

There is continual pressure upon
the Federal Communications Com-
mission to find more space and
allow more occupancy of the radio
spectrum.

Among the most vocal of all
groups is one whose use is classi-
fied by FCC as industrial. It en-
compasses services denoted power,
petroleum, forest products, motion

radiolocation, low-power indus-
trial and special industrial radio
service. The Commission now pro-
poses to broaden the scope
of eligibility in the special indus-
trial radio category. More than a
hundred industry comments have
been received and acted upon.

» Who Gets In—In general, use of
two-way radio under Part 11 of
FCC Rules is still limited to big-
scale operations and to areas out-
side a standard metropolitan area
of 500,000 or more. But there are¢
some exceptions. Eligibility is now
proposed for those engaged in
agricultural activities. While as-

carries a nine-pounc radio picture, relay press, industrial suring use of radio by heavy
(Continued on page 24)
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& Anot i
& Burnell
Hay exclusive! .

N o

R o To R o l D s‘E A continuously variable,

stepless toroidal inductor which can provide a 4:1 range of
maximum to minimum inductance in 180° rotation of a shaft.
Write for new brochure which gives complete technical data,

'0 eheek TOROI Ds Combining the advantages of

toroidal type winding with the molybdenum permalloy dust core
and other specially selected materials, these toroids

provide higher Q than any other structure. They also provide
greater stability of inductance vs. temperature and level

in a smaller space. Their self-shielding properties permit compact
assemblies of coils with a minimum of deleterious effects.

Supplied to an inductance accuracy of 19%. Available in
standard, miniature and sub-miniature sizes. Also in a wide

' variety of finishes, including for the first time toroids molded
Irs in a new special material.
o

3 EXTRA REASONS
TO CHECK
BURNELL FIRST!

TELEMETERING FILTERS

% Proven To alit Band pass filters available for every channel ranging from
‘ P Qu y 400 to 70,000 cycles for band width between 15 - 40%. Low pass
% Com peﬁtive Prices filters available for operation in either unbalanced or balanced
line, and range in cut off frequency from 6 up to 10,500 cycles.
<k Prompt Deliveries Also, miniaturized filters that do not sacrifice attenuation
characteristics, save up to 809 space.
P WJ) TELETYPE: YONKERS, N.Y. 3633 |
f 2
Write Department (3 . BURNELL & CO. gINC, | FIRST IN TOROIDS
for Catalog 102 ; Yonkers 2, New York :

RELATED NETWORKS
PACIFIC DIVISION: 720 Mission Street, South Pasadena, California
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INDUSTRY REPORT— Continued

construction (bridges, sewers, rail-
roads) two-way radio for plaster-
ers, masons and general contrac-
tors is ruled out.

Included in the proposal are
those engaged in manufacturing,
like factories, shipyards or mills.
Despite protests, FCC wants to
hold communications down to yard
areas if the plant is in a metrop-
olis. Only exception is use of radio
outside the yard for safety
purposes. Operators of mining,
quarrying and dredging operations
are likewise included. Ready-mix
concrete and hot asphalt are fav-
oved over sand and gravel deliv-
eries, because the former are
perishable commodities.

Engineering activities (encom-
passing radio field intensity and
proof of performance surveys) are
in, but the civil engineer who
wishes to communicate from field

to main office to get his computa-
tions done is out.

» Fuel Deliveries—Among those
eligible is a group whose enter-
prises affect the public health or
welfare. Stations authorized in
this category must be outside an
area of only 50,000 population.
Chief beneficiaries are the opera-
tors of fuel oil and liquified petro-
leum gas distributing trucks. They
are being transferred from the
highway truck radio service, on
the grounds that they are not in
the trucking business, but merely
use trucks as an instrument of in-
dustry.

As FCC points out, in denying
eligibility to some individuals or
groups, they can always make use
of Citizens Radio—that is avail-
able to anyone who doesn’t qualify
elsewhere under the rules.

Synthetic Mica Output To Expand

Construction begins on 150,-
000 sq ft mica plant to increase
U. S. mica self-sufficiency

ANOTHER forward step was taken
to decrease U. S. dependence on
India for mica when construction
began on what is believed to be the
world’s first plant for the produc-
tion of synthetic mica on a com-
mercial scale. According to My-
calex Corp. which has set up a sub-
sidiary, Synthetic Mica Corp. for
the operation, the estimated annual
output of the new plant will be
1,000 tons of high-grade synthetic
mica, representing about 5 to 10
percent of the nation’s current re-
quirement.

» Hopes—It will be some time,
however, before synthetic mica
will be a complete replacement
for Indian mica. Synthetic mica
cannot yet be made in crystal size
large enough for all applications
and at present it costs more than
natural mica. It is believed how-
ever that crystal size will increase
as the size of the melt increases
and cost, in turn will decrease as

24

production facilities become larger
and more efficient.

In addition to production fur-
naces in the new plant the firm
plans to operate an experimental
furnace simultaneously. It will be
kept in operation full time for the
development of large single
crystals and to take advantage of
the many different synthetic micas
available for experiment.

Much larger melts than this four ton
pig of crystalline synthetic mica will
have to be made before crystals large
enough for all uses are produced

Industry Looks At
1955 Business

WITH another growth year under
their belts, manufacturers in the
electronics industry are taking
time to assess business prospects
for 1955. Surveys of the field indi-
cate that most companies expect
sales to increase during the year.
One estimate by a leading manu-
facturer in the field forecasts an
eight-percent rise for the industry.

» Companies—Survey by the Mec-
Graw-Hill department of economics
of electrical machinery companies
which include electronic manufac-
turers shows the optimism of firms
in the field. A total of 59 percent of
the companies surveyed expect sales
to increase in 1955, 35 percent saw
volume in 1955 remaining about
the same and only six percent ex-
pected any drop in business. For
all manufacturing 66 percent of
companies surveyed expect their
sales to pick up and only 8 percent
think that they will decline.

» Radio and TV—At the Business
Forecast Seminar of the U. S.
Chamber of Commerce, James D.
Secrest of RETMA sized up the
electronics industry’s prospects
for 1955 and saw the year as hav-
ing all the promise of being equally
good as 1954 in production and
sales and perhaps better in profits.
He saw the 1955 set sales outlook
as cloudy because of the uncer-
tainty of color developments but
agreed with the output guess of
a group of RETMA manufacturers
of 300,000 color sets for 1955.
He predicted that the dollar re-
turn from tv sets in 1955 will equal
and probably surpass that of 1954
because prices in '54 were at rock
bottom and any higher mix of
color receivers will boost total in-
come at a ratio of about 4 to 1
compared with monochrome sets.
Radio receiver sales except auto
sets are not expected to change
greatly in 1955. High fidelity
phonographs and radio-phono com-
binations will probably continue
to increase in popularity.
He expects fewer new tv sta-
{Continued on page 26)
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Gentralized Qperations (_:ontrol e
Economical with Modular Design Multi-Gate

Plug-in Tone Transmitter

When planning a system to operate apparatus at a
remote location from a central master station, it is
important not only that the equipment perform as
required, but also that it be easy and economical to
install and service. On the first count, Hammarlund
Muti-Gate equipment assures fast-acting. fail-safe
operation of a practically unlimited number of con-
trol functions over a single circuit. On the second
count, it’s a snap to install and maintain because of
its new modular construction. And that means lower
operating and maintenance costs.

Each rugged, compact standard audio tone generator
and receiver unit, as well as each relay section, is
designed for simple plug-in. While easily removed,
it is positively secured in service.

To provide complete protection against interruption,
it is only necessary to have one spare of each of the
basic compvnents. That’s because frequencies of the
tone receivers and transmitters are determined by
completely separate packages. As a result of this
design, maintenance of these plug-in units is a simple
operation and does not disturb the control system.

Because of its modular design, a complete system of
any size is quickly assembled. Also, after installation,
it may be easily expanded at any time by the addition
of the required modular sections.

Plug-in Tone Recziver

Your modern centralized control system will be low
in initial cost, provide highly reliable performance,
and be most economical in maintenance as a result of
the many fine design features in Multi-Gate
equipment.

You can get full details by writing to The Hammarlund
Manufacturing Company, Inc, 460 West 34th Street,
New York 1, N.Y. Ask for Bulletin E-1.

Typical Multi-Gate
Receiving Terminal

This unit takes little space
and is readily accessible
when mounted in a
standard 19" rack.

Special window covers
protect all relays from dust.
Control of ventilation
maintains conservative
temperature levels
throughout the equipment.

MW HAMMARLYND

EQUIPMENT FOR COC—CENTRALIZED OPERATIONS CONTROL
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INDUSTRY REPORT— Continued

tions to open in 1955 than in 1954
with a consequent decline in the
manufacture and sale of trans-
mitters, except for higher power
replacements. Barring unforeseen
changes, he said it was unlikely
that military electronics expendi-
tures would decrease in 1955.

Financial Roundup

MoRE companies in the electronics
field reported net profits for the
first nine months of 1954 during
the past month. Reports indicated
that those firms connected closely
with the radio-tv set side of the
industry fared less well than other
firms in the field for the first three
quarters of this year, compared to
the same period in 1953,

Following are the net profit re-
ports of 12 companies for the fiscal
periods indicated:

Net Profit

Company 1954 1953

Admiral Sm ....... .. ... $4,382,175 §6,564,848
Am. Cable & Radio 9m.... 1,286,494 889,915
Am. Electronics 9m....... 190,186 109,869
Am, Phenolic 9m. ... ... 414,361 717,039
Beckman Instruments 3m. . . 280,786 223,422
CBS 9m ................ 7.299,130 6,411,843
Du Mont 40w...... ... ... 612,000 935,000
Electronic Corp. Am. 9m. .. 181,700 114,161
Phileo 9m .............. 2,275,000 15,418,000
Servomechanisms 9m . ..... 400,603 305,089
Sperry Sm .............. 18,869,220 11,793,259
Weston Inst. 9m.......... 802,993 825,395
» Securities—Cavitron filed with

SEC covering 10,000 shares of $1.50
cumulative sinking fund preferred
stock (par $25) and 20,000 shares
of common (par 10 cents) to be
offered in units of one share of
preferred and two shares of com-
mon at $27 per unit. Net proceeds
will be used to retire bank loans,
to purchase machinery and equip-
ment and for working capital.

Servomechanisms registered with
SEC covering $2 million in 5-per-
cent convertible debentures due
Dec. 1, 1966. Net proceeds will be
used to finance growth and ex-
pansion of the business.

Panellit offered 105,000 shares of
$1 par value common stock at $1.50
per share. Net proceeds from the
sale of 60,000 shares will initially
be added to general funds and may
be later used to expand activities in
California and finance the new
Canadian operations. The balance
will be added to working capital for
general corporate purposes.
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JAN. 8: New York IRE Sym-
posium on Design Principles
of Transistor Circuits, Engi-
neering Societies Bldg., New
York, N. Y.

JAN. 12-15: World Symposium
On Applied Solar Energy,
Westward Ho Hotel, Phoenix,
Ariz.

JAN. 17-19: Fourth Biennial
Conference On High Fre-
quency Measurements, IRE,
AIEE, URSI, NBS; Hotel
Statler, Washington, D. C.

JAN. 17-19: Hight Frequency
Measurement Conference,
sponsored by IRE, AIEE,
NBS; Hotel Statler, Washing-
ton, D. C.

JAN. 20-21: RETMA Sym-
posium On Printed Circuits,
University of Pennsylvania
Auditorium, Philadelphia, Pa.

JaN. 23: First Annual Indus-
trial  Amateur Electronics
Show, Park Sheraton Hotel,
New York, N. Y.

JAN. 31-FeB. 4: AIEE Winter
General Meeting, Hotels Stat-
ler & Governor Clinton, New
York, N. Y.

FeB. 10-12: Seventh Annual
Conference and Electronics
Show, Southwestern region
of IRE, Baker Hotel, Dallas,
Texas.

FEB. 11-13: Los Angeles Audio
Fair, Hotel Alexandria, lLos
Angeles.

FEB. 14-16: Conference On
High-Speed Computers;
Louisiana State University,
Baton Rouge, La.

FeB. 17-18: National Confer-
ence On Transistor Circuits
sponsored by IRE, AIEE, U.
of Penn.; Irvine Auditorium,
University of Pennsylvania
and Penn Sherwood Iotel,
Phila., Pa.

MEETINGS

FEB. 20-22: Institute of Sur-
plus Dealers’ Fourth An-
nual Trade Show and Con-
vention, 212th AAA Armory,
New York, N. Y.

MArRcH 1-3: Joint Western
Computer Conference and Ex-
hibit sponsored by IRE,
AIEE, ACM; Statler Hotel,
Los Angeles, Calif.

MagrcH 21-24: 1955 IRE Na-
tional Convention, Walderf
Astoria Hotel & Kingsbridge
Armory, New York, N. Y.

APRIL 15-16; Ninth Annual
Spring Technical Conference,
Cincinnati IRE; Engineering

Society Bldg., Cincinnati,
Ohio.
ApPRIL 25-27: Eighth Annual

Conference for Protective Re-
lay Engineers, A & M College
of Texas, College Station,
Texas.

MAy 2-5: Third Annual Semi-
conductor Symposium of the
Electrochemical Society,
Cincinnati, Ohio.

MAY 4-6: Fourth International
Aviation Trade Show, 69th
Regintent Armory, New York,
N. Y.

MAy 6: American Association
of Spectrographers Sixth An-
nual Conference, Chicago, I11.

MaAy 16-19: Electronic Parts
Distributors Show, Conrad
Hilton Hotel, Chicago.

MAy 18-20: Annual National
Telemetering Conference and
Exhibit sponsored by IRE,
AIEE, IAS, ISA; Hotel Mor-
rison, Chicago, Ill.

MAay 19-21: Global Communica-
tions Conference, sponsored
by AFCA; Hotel Commodore,
New York, N. Y.

Sepr. 6-17: Production Engi-
neering Show, Navy Pier,
Chicago, Ill.

Industry Shorts

» Grants to researchers up to $300
a month, extending for 36 months,
are not taxable as income under
the new tax law.

» Industrial tv is now being used
to spot empty spaces in car park-
ing lots and as a classroom aid in
teaching dental surgery.

» World Plastics Fair estimates
that 50 percent of materials pur-
chased in the electronics industry
are plastics.

» Citizens Radio rules amended to
spell out requirements effective in
other services regarding citizen-
ship, lighting antennas and emer-

gency communications, show how

this service has matured.

» Electronic camera made by a
British firm for the U. S. Army is
said to produce exposures in one
ten-millionth of a second.

» First International Automation
Exposition, attended by some
10,000 people, featured displays by
70 manufacturers of equipment
ranging from amplifiers to x-ray.

» Hum-free light bulbs for use in
tv studios have been developed by
GE’s lamp division.

» Million-watt uhf tv station,
WBRE-TV, uses RCA pylon an-
tenna with a gain of nearly 50.
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AIRPAX
C747 MIDGET

400 CYCLE CHOPPER

PROVEN PERFORMANCE
in large volume production
is your best guarantee
of quality!

e AIRPAX has built
nearly 4 million choppers

o AIRPAX maintains an
engineering staff constantly |
striving to improve choppers |

|-—.765 MAX

o AIRPAX has ample capacity
for large volume production
of choppers

e And AIRPAX choppers have
proven performance
life and reliability

Ny —g

PRODUCTS  / rucineers
vvvvvvvvv

FITS 7 PIN
MINIATURE
SOCKET

MIDDLE RIVER BALTIMORE 20, MD.

Weighs less than | oz,



HIGH ATTENUATION ¢ CONTINUOUS DUTY e HERMETICALLY SEALED

SCREEN ROOM FILTERS

FILTRON TYPE FSR-502
500 VAC/DC
100 AMPS
frequency Range 1000 to 15,000 MC

FILTRON TYPE FSR-104
600 VDC/250 VAC
100 AMPS
0-400 CYCLES

[ TTFTT i I T T TT]
2  ATTENUATION CHARACTERISTICS
N OVER 100 DB THROUGH ENTIRE FREQUENCY RANGE FILTRON SCREEN ROOM FILTER FSR-104 H
9 b o om o o e o e “---------T---F- . - - -—----b---r-— = e o of
< 100
=
Z
f'T)
E 90
< MEASURED IN A 500 SYSTEM
- PER MIL-STD-220
100 KC FREQUENCY 1000 MC

. JUST OFF THE PRESS — Write for your copy
RADIO INTERFERENCE FILTER CATALOG

This 20 page catalog contoins voluable dato on
FILTRON RADIO INTERFERENCE FILTERS for
SCREEN ROOMS, INDUCTION HEATING EQUIP-
MENT, DIATHERMY SETS, X-RAY UNITS and
other electrical interference-producing equip-
ment. Included are illustrated instollation rec-
ommendations, essential information on
applications, attenvotion
choracteristics and me-
chanical dimensions . . .
Your copy gladly sent free
upon request.

Screen room manufacturers specify and install FILTRON Screen Room Filters as
standard equipment.

FILTRON Screen Room Filters are used in the majority of industrial, government
and military screen rooms, to meet the requirements of specification MIL-5-4957,
and wherever critical RF measurements are required.

FILTRON has over 40 types of Screen Room Filters available, ranging from 1 Amp
to 1000 Amps, 28 VDC to 500 Volt AC/DC, 0 to 1000 cycles. Complete technical
information available.

FILTRON RF Interference Filters are also specified in the latest types of Radar,
Radio Transmitters, Receivers, Motor Generator Sets, Inverters, Aircraft, Electronic
Systems, and numerous other “restricted”” equipments,

When you have an RF Interference Filter problem, consult FILTRON —the most
dependable name in RF Interference Filters.

G. S. Marshall Co., Pasadena, Cal. Holliday-Hathaway, Cambridge, Mass., Canaan, Conn.
SALES REPRESENTATIVES Roy J. Magnuson, Chicago, III. Sales Offices at: New York, N. Y., Great Neck, N. Y.
Massey Associates, Inc., Narbeth, Pa., Rochester, N. Y., Binghamton, N. Y.
Washingon, D. C. Wood-Ridge, N. J.

TNTERFERENCE FREE
An inquiry on your company letferhead will receive prompt attention.

"""“L’,m €O., INC.* FLUSHING, LONG ISLAND, NEW YORK
LARGEST EXCLUSIVE MANUFACTURERS OF RF INTERFERENCE FILTERS
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the world’s no.’ producer
of semi-conductors

presents GOLD BONDED DlODES of
“GOLD STANDARD” PERFORMANCE

Look at the “‘specs’’! Look art the actual,

unretouched oscillograms. These pre-tested
Raytheon Gold Bonded Diodes have the
characteristics and the uniformly dependable

erformance to make them your No. 1 choice. Man
P y y 200

other Raytheon Gold Bonded point contact | —8ov o +4v
L : . . 'OSCILLOGRAM of typical IN312 (CK748)
and silicon diodes are available. Write for data. Diode Characteristics at 25°C, 55°C, 75°C

*'Ihese are unretouched
phctographs taken in the
Ravtheon Semiconductor
Diode Laboratory.

0.5 mA (80K!
|
. 0 B T A (4D
CLOSE-UP - 'kOSCII.I.OGRA M of Diode Current in “On-
Off" Application (5 mA forward switched
to —40V) showing reve-se transient re-
sponse in modified IBM circuit

s - ": -F ¥ W ¢ T Y = iy
Representative Goid 'OR OARD 5 o e % 3 -
Bonded Yypes R L 25°C 25°C = 35°¢C
S ma. at -+1 volt ~ pa at volts ua at volts
1N308 / s
(€K741) - 4 o =
with 50% higher conduction than its | pop S 5 lePrat ¥ ;
nearest competitive type E z
:CNI?;:S) : 15 20 at —20 ~ 150 at —20
for high voltage, high reslstam:e ' i \ut =100 L] 30 ;at =T
INSO9 : e - :
(CK747) L%
- | with unbeatable transient 100 o 100 at —20 35050' 20 =
- characteristics
1 aNaz ‘ L ‘ b ;._,n»: < _
(cK748) ' S il 50 at —50 __ 200 at —50
100% tested for forward and re- ) o L e s T
verse fransient response ~ :
] Nans ;
(CK749) H
_high volfage, extra high resls'ance 20 ;8 0: —380 238 °: _$80
ALL with 150 milliwatt d:ssnpahon rating ans= g g el
~ALL with —50°C to $-90°C ambient temperature rating

RAYTHEON MANUFACTURING COMPANY

RAYTHEON MAKES ALL THESE:
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THE WORLD'S HIGHEST COMMUNITY

Re ected sunlight makes the primary cable look like a white linz running
do=n the slcres of Mt. McNzmee. Except for a section of conduit that is
buried Seneath the road, at center, the entire 4300 Ft. of >able between sum-
mi: and mine lies exposec on the ground

Stringing RG-11U cable on existing telephone
poles. RG-11U was used. as secondary lead.
and as drap cable to individual ouflets.

Want more information? Use post card on last page. January, 1955 — ELECTRONICS




[V OYSTEM IS ROUGH ON CAB

COAXIALS MUST WITHSTAND RUGGED TERRAIN, SNOW, HIGH
WINDS, AND LIGHTNING IN THE 13,783 FT. INSTALLATION AT

CLIMAX, COLORADO

Tuking antenna field strength readings aton
13,783 fi. Mt. McNamee.

Installation crew watching the first TV recep-
tion on test cquipment in the amplifier shack.
In normul operation, the insulited 6’26’ metal
building Bouses the front end amplifier equip-
ment for the community antenna system.

ELECTRONICS — January, 1955

This unique TV distribution system,
provided for its employees by the Cli-
max Molybdenumy Co., makes use of
two transnission cable types. Both are
insulated with Bakgrite Polvethylene
and jacketed with BakeLiTe Vinyl
Plastic — providing service that under-
scores the outstanding electrical and
mechanical properties of these wire
covering materiuls.

From the antemia site at the peak of
ncarhy Mt. McNarmee, the primary lead
—Federal K-14 cable—descends 11,000
linear ft. to the community. During its
course, this cable lies on the ground,
exposed to the elements . . . is buried
in conduit . and for 4900 ft. runs
through the underground workings of
the mine in conduit and on messenger.
From the edge of town, 80,000 ft. of

Two antenna groups reeeive channels 2, 4, %y
and 9 from Denver stations, about 60 air miles
away. The first antennas suffered considerable
damuge from icing and high winds, and had to
be replaced with sturdier structures. The co-
axiul cables however, insulated with BakrLITE
Polvethylene and jacketed with BAKELITE
Vinyl Plastic, meuasured up to expectations
from the very first. Note the loose, broken
rock, typical of the terrain along the course of
the primary cable,

Want mcre information? Use post card on last page.

pole-strung Federal RG-11U cable,
serving as secondury leand and drop
cable, continues the transmission to
some 500 TV receivers. Throughout
these long cable runs, the superior me-
chanical characteristics, the constant
impedance, low line loss, and low
power factor of BAKELITE Vinyl Plastics
and BakeLrre Polyethylene prove big
factors in maintaining the TV signal at
essentially the same quality as received
at the antennas. The first amplifier
necessary in the primary cable is 2400
ft. from the front end equipment on the
mountain peak.

Wire and cable jacketing made of
BakieLite Vinyl Plastics is wax-smooth
~—tor easier pulling and stripping. Com-
pounds can be formulated to stay pli-
able in very low temperatures . . . resist
deformation in extreme heat. Lasting
colors provide permanent coding.
Bakevrite Polyethylene is light, permits
smaller diameters—for easier handling,
savings i space and weight. Cores of
this material stay tough and flexible . . .
hold their excellent clectrical properties
through a wide temperature range.

For all the facts on BAKELITE Vinyl
Plastics and BakeLire Polyethylene for
wire coverings, and names of your neiir-
est suppliers, write Dept. AC-79,

Data courtesy of: Climax Molybdenum Co.,

Climax, Colorado; Federal Telephone and Radio
Company, Clifton, N. J., a division of IT&T.

BAKELITE

TRADE-MARK

PLASTICS
B\

TRA DE\w’MARK
BAKELITE COMPANY

A Division of
Union Carbide anﬁlﬁrbon Corporation

30 East 42nd Street, New York 17, N. Y.
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Specialists in Precision
Molding of Intricate ;

COIL ;
LOW COST
FORMS [

PRECISION
HYI]R[] MOLDING
ENGINEERED pLASTICS NYLON"

KEL-F°

and other FIBERGLAS'
E |. E c T R 0 N | c and other plastic

COMPONENTS R

comprising delicate
MOLDED-IN METAL INSERTS

The use of “universal molds” of exclusive HYDRO design
assures low-cost tooling and quick delivery of all types of
coil forms. Precision tooling insures a flash-free product
held to close tolerances. This service is particularly attractive
for short runs where high mold costs can raise unit prices of
component parts substantially. Similar savings are possible on
many other electronic components. May we quote on your
requivenents?

HYDRO MOLDING CO.

Engineering and Manufactuving in Plastics

PLATTSBURGH, NEW YORK

KEY TO ILLUSTRATIONS —1i—2—3 Nylon bobbin with molded-in

inserts . . . 4—5 Fiberglass bobbins with molded-in inserts . . .

6—7—8—9 Nylon bobbins . . . 10—Multiple flange Nylon bobbins
. 11—Kel-F slider with molded-in insert.

*Trademarks of DuPont, M. W. Kellogg and Owens-Corning

32 Want more information? Use post card on last page. January, 1955 — ELECTRONICS



CHICAGO TELEPHOHE SUPPLY

‘

ELKHART « INDIANA
Srecialisls in Preciscon « Meass Prodection
0/ Yaiatlle Resrstow « Fecerded 71896

- ONLY COMPLETE LINE |

. SIZES—"dime size’' to 2 1/2” diameter.
. WATTAGES—2/10 watt to 4 watt.

. TYPES—carbon and wirewound with and without attached
switch.

. MOUNTINGS—conventional bushing, twist ear and snap-
in bracket for printed circuits.

LL COLOR TV APPLICATIONS

5. TERMINAL STYLES—for conventional soldering, printed
circuits and wire wrap.

6. COMBINATIONS—an endless variety of tandems, both
single and dual shaft.

A CTS control can be tailored to your specific require-
ment.




Ear mounted composition
control. Simply twist two
ears for rigid mounting.
Eliminates bushing and
mounting hardware.
Available with shafts for
knob operation or for pre-
set applications with
insulated or metal shaft.
CTS type P45 with metal
shaft illustrated.

~

Ear mounted tandem for
preset applications.
Combines panel space
saving features of a con-
centric tandem with the
economy of an ear
mounted unit. Available
in various combinations
of composition or wire-
wound front and rear
sections. CTS type P-C2-
45 with composition front
and rear sections illus-
trated.

CHICAGO TELEPHON

%

ELKHART + INDIANA

E SUPPLY

Concentric shaft tandem con-
trol with conventional bush-
ing mounting. Designed for
front panel dual knob applica-
tions, such as contrast and
volume. Available in various
combinations of composition
or wirewound front and rear
sections with or without on-
off switch attached to rear
seczion. CTS type GC-C252-
45 with wirewound front
section, composition rear
section and on-off switch il-
lustrated.

Miniature 3/4” “dime size”
composition control. Con-
serves panel space at price
comparable to larger size
bushing mounted controls.
CTS type 70.

1 1/8” diameter composition
control for applications where
ratings up to3/4 wattrequired. -
CTS type 35.

Higher Wattage Carbon

Controls With Exceptional

Stability Available

¢ ONE WATT: Entire 45
series 15/16” diameter line
available with 90 series spe-
cial one watt military resist-
ance elements.
TWO WATT: Entire 35
series 1 1/8"” diameter line
available with 95 series spe-
cial two watt military resist-
ance elements.

THE ONLY COMPLETE LINE FOR
ALL COLOR TV APPLICATIONS

CTS also makes a complete line of controls for military, black and
white TV, radio and other commercial applications. Consultation
without obligation available for all your control applications. Write

for complete catalog TODAY.

EAST COAST OFFICE

Henry E. Sanders

130 North Broadway
Camden 2, New Jersey
Phone: Woodlawn 6-1668
TWX No. Camden NJ 380

WEST COAST OFFICE

Robert A. Stackhouse

928 S. Robertson Blvd.
Los Angeles 35, California
Phone; Crestview 4-5931
TWX No. BEV H 7666

Phone: Dixon 9918

CANADIAN DIVISION

C. C. Meredith & Co,, Ltd. Sylvan Ginshury
Streetsville, Ontario

SOUTHWESTERN U.S.A. SOUTH AMERICA
John A. Green Company

Jose Luis Pontet
Buenos Aires, Argentina
Montevideo, Uruguay
Rio de Janeiro, Brazil
Sao Paulo, Brazil

OTHER EXPORT

8 West 40th Street
New York 18. New York
Phone: Pennsylvania 6-8239

/’6’0[(1/%6’ ire Sreciscare Mass Prodeuction 0/ Yaviatle Resistors « Fowunded 1896




%%

.. . ONE source
to meet all your
Fuse Needs!

S g

|
|
[ |
-

m Name. o S Title ...

TRUSTWORTHY NAMES IN
ELECTRICAL PROTECTION

[ |
W City & Zone ... State......... rnernen ELRC1S5 g
-

CONSISTENT PIONEERING in the develop-
ment of fuses that meet the most exacting
standards has helped BUSS keep apace with
the Electronic Industries expanding need for
fuses.

The complete BUSS line of fuses includes:
— dual-element (slow blowing), renewable
and one-time types . . . in sizes from 1/500
ampere up . . . plus a companion line of fuse
clips, blocks and holders.

It's convenient to get all your fuses from
one source. Purchasing, stock handling and
records are simplified.

And to make sure that the BUSS reputation
for quality is maintained, every BUSS fuse
normally used by the Electronic Industries is
tested in a sensitive electronic device that
rejects any fuse not correctly calibrated,
properly constructed and right in all physical
dimensions.

If you are designing a new device — or have
a special problem in electrical protection —
BUSS may be able to save you considerable
engineering time. To help you determine the
right fuse or fuse mounting for the job, BUSS
places at your service the world’s largest fuse
research laboratory and its staff of experienced
engineers.

MAKERS OF A COMPLETE LINE OF FUSES FOR HOME,
FARM, COMMERCIAL, ELECTRONIC AND INDUSTRIAL USE

For More Information Mail this Coupon v

BUSSMANN Mfg. Co. (Div. McGraw Electric Co.)

University at Jefferson, St. Louis 7, Mo.

|
|
Please send me bulletin SFB containing facts on BUSS "
small dimension fuses and fuse holders.

|

GO DAY .. 0. e s e b o bt i 5575 S0 555 o s i ]
AQATeSS oo u
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Miniature

Slip Rings w« Brushes

Iron Fireman

New type slip ring and brush assemblies to meet the

precise requirements of modern control systems! Iron

Drawing of typical assembly.

Fireman has developed a new production technique

. . which makes possible these improved features:
Send for informative catalog

<¢ Low cost

9¢ Extremely low static and dynamic friction

¢ High dielectric strength between adjacent circuits
<¢ Multiple circuits in unusually compact assemblies

<¢ Matched color coded leads

TYPICAL APPLICATIONS

RESOLVERS TORQUERS TELEMETERS
COMPUTERS POTENTIOMETERS SYNCHROS

This catalog contains complete data on
Iron Fireman miniature slip rings and

brushes. Write for your free copy today. Custom made to your requ"emen's

We will design and produce slip rings and brushes to

meet the exact requirements of your project.

Other Iron Fireman Electronic and aircraft components

Vertical Gyros Special Motors Sensitive Relays
Fire & Heat Detectors High Speed Relays Choppers

Iron Fireman

2800 S. E. 9TH AVENUE, PORTLAND 2, OREGON Dlv.s.o"
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latest result of | RADIO RECEPTOR | research

FT
Now... HIGH TEMPERATURE

RECTIFIERS in the LARGER

T —

CELL SIZES up to 5" x 6"
(to operate without

derating at 125° C.) and...

e
e

P—

> A

RADIO RECEPTOR high temperature rectifiers when first
introduced less than three years ago were expensive and
limited to 3" x 3”. Now intensive research has brought the
cost down and the cell sizes UP. That means the field is
wide open for their use in many applications once considered
prohibitive because of size and price.

Also
available in
cartridge type

At 125° C. these recrifiers have a minimum life of 500
hours without derating and at normal temperatures their

= «‘3«\9\&&& &s

span is almost indefinite... They can be hermetically sealed 'AMB,ENT TEMPERATURE - POT%WIATL LIFE WITHOUT DERATING
without derating, too. : lggog e %ggg‘zlggé’ ESS,': :
. e . Q 4 ours
That’s why RRco. high temperature rectifiers are selected S i ?‘;&
more and more for military and special industrial require- T TS b L
ments by such blue-chip companies as Aeronautical Division CELL e SINGLE_PHASE .
. . . TYPE (Inches) Bridge or |RMS VOLTS
of Minneapolis-Honeywell, Motorola Inc., Hamilton Stand- Half Wave | Center Tap | PER CELL
ard Division of United Aircraft and many others. X 14 (Diam.) 005 010 24
If you have one of those “tricky” applications where high I "‘//2 X é 8(252 ?38 32
temperature rectifiers are needed, take advantage of RADIO M ‘1‘ ;( 1“ 075 '150 2
RECEPTOR’s continuing research and development in this p 13, x 1%, 150 30 o4
field. Write now for full details about these as well as em- Q 1% x1Y 30 60 24
bedded rectifiers to section E-5. S 2x2 50 1.0 24
. u 3x3 1.2 24 24
We also manufacture transistors W x4 2.5 45 24
and silicon and germanium diodes T 44 x 6 335 6.7 24
H 5x6 4.0 8.0 24

Semi-Conductor Division

RADIO RECEPTOR COMPANY, INC.

In Radio and Electronics Since 1922
SALES OFFICES: 251 WEST 19TH STREET, NEW YORK 11, N.Y., WATKINS 4-3633, FACTORIES IN BROOKLYN, N.Y.
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—hp- 490A and 491A Traveling-Wave
Tube Amplifiers are precision broad
band linear instruments making readily
available a group of measurements hith-
erto almost unobtainable.

These distinctly different new ampli-
fiers provide a convenient, straightfor-
ward method of amplification, modula-
tion or power increase to 1 watt. They
are ideal rf amplifiers for receiver and
detector applications, and greatly sim-
plify measurement of antenna patterns
and wide range attenuators. They are
also exceptionally useful as general pur-
pose, low level, low noise laboratory am-
plifiers. Connected to a signal generator
of 1 milliwatt ourput, —sp—490A ampli-
fier will provide a full watt of output for
high level measurements.

COMPLETELY NEW DESIGN

Since 1946, when traveling-wave tube
amplifiers were first described, the radio
industry has been unable to benefit from

COMPLETE

COVERAGE

them because of the difficulty in cou-
pling signals in and out of the tube. —Ap-
has developed a simple new broad band
coupling method employing helices.
(See Figure 3.) There is no mechanical
connection to the inner helix, yet full
energy transfer is effected. The difficul-
ties found in previous experimental am-
plifiers using multi-element networks,
tapers and direct vacuum leads have
been overcome. Thus, for the first time,
a practical broad band high gain travel-

ing-wave tube amplifier has been pro-
duced.

TWO AMPLIFIERS OFFERED

~bp— 490A is designed for high gain,
low level applications. It provides at
least 35 db gain, noise level is less than
25 db, and pulse modulation character-
istics are remarkably good. (See Fig. 1.)
—hp—491 A has 1 watt outpur full range.
Minimum gain is 30 db. Thus, the
equipment, together with a 1 mw “S”

Figure 1. Unique modulating fidelity of —hp~
490A is shown in double-exposed oscillogram of
0.1 gsec pulses. First pulse (applied by -hp- 212A
Pulse Generator) is modulating pulse having rise
time of 0.02 usec; delay through tube approxi-
mately 50 millimicroseconds. Second pulse is rf
output; note absence of deterioration.

band signal generator such as —bp—
G16A, provides a versatile 1 watt source
for high power testing throughout the
2 to 4 kmc range.

Both instruments include simple con-
trols for varying traveling-wave tube
anode and helix voltages for best per-
formance. Further, a panel meter and
selector permit ready measurement of
cathode, anode, helix, and collector cur-
rents for performance evaluation or con-
tinuous monitoring. No adjustments are
necessary during operation.

Figure 2. —hp— capsulated Traveling-Wave Tube.
Note input and ouput coaxial lines with Type N
plugs for connection to front panel of amplifier.

| HEWLETT-PACKARD

36
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New@ 490/491A
Traveling-Wave Tube Amplifiers

@ Radically new coupled-helix design
® Full “S” band coverage-2 to 4 kmc
“ 1 watt output; 30 and 35 db gain

@ Millimicrosecond pulse modulation

@ Compact, portable, easy to use

'
+

s

REPLACEMENT TUBES

Lol @Y L
or “S” band!

are integral. When delivered, the
replacement tube is thoroughly tested,
ready to plug in and use.

ponents are properly matched, —hp— re-
placement tubes are capsulated in a unit

To eliminate critical adjustmencs and
wherein the tube and coupling helices

assure that tubes and coupled helix com-

-hp- 490A

Frequency Range: 2 kmc to 4 kmc.

Gain: 35 db minimum.

Ovutput Power: 25 milliwatts minimum.

Noise Figure: Less than 25 db.

Pulse Rise & Decay Time: Order of a few
millimicroseconds.

Pulse Delay: Approximately 50 millimi-
croseconds.

Modulating Voltage: Requires approx.
50 volts peak negative to rednce output
to 0.1% of initial value. Input imped-
ance: 50 ohms.

Hum, Spurious Modulation: At least 30
db below signal level.

Meter Monitors: Cathode Current, Anode
Current, Helix Current, Collactor Cur-
rent.

Connectors, RF: Input and Output, Type
N; Modulation Input, BNC.

Size: Approximately 7”7 wide x 1034”
high x 18” deep.

SPECIFICATIONS

Weight: Approximately 70 pounds net,
90 pounds packed.

Power Supply: 115 volts =109, 50-60
cps, approximately 125 watts.

Replacement Tube Price: Including Cap-
sulation, $650.00 less $125.00 credit
for return of defective tube and capsule.
Specify ~bp— 490A-73A.

Price: Traveling-Wave Tube Amplifier,
complete including capsulated tube.
$1,100.00 F.O B. factory.

-hp- 491A

Frequency Range: 2 kmc to 4 kmc.

Gain: 30 db minimum.

Output Power: | watt minimum.

Noise Figure: Less than 30 db.

Pulse Rise & Decay Time: Modulation
not provided.

Pulse Delay: Modulation not provided.

Modvlating Veltage: Modulation not
provided.

Hum, Spurious Modulation: At least 30
db below signal level.

Meter Monitors: Cathode Current, Anode
Current, Helix Current, Collector Cur-
rent.

Connectors, RF: Input and Output, Type
N; Modulation Input, not provided.
Size: Approximately 7”7 wide x 1034”

high x 18” deep.

Weight: Approximately 75 pounds net,
95 pounds packed.

Power Supply: 115 volts ==109%, 50-60
cps, approximately 250 watts.

Replacement Tube Price: Including Cap-
sulation, $650.00, less $125.00 credit
for return of defective tube and capsule.

Price: Traveling-Wave Tube Amplifier,
complere including capsulated tube.
$1,100.00 F.O.B. factory.

Above Data subject to change without notice

HEWLETT-PACKARD CO.

2997A Page Mill Road ¢ Palo Alto, Calif.,U.S.A.
FIELD ENGINEERS IN ALL PRINCIPAL AREAS

COMPLETE
COVERAGE

RUMENTS

®
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COMMON CHARACTERISTICS OF ALL ‘s

TYPE 20288 MOTOR GENERATOR UNITS LA
Pinion Data...... 10T.96P, 20° P.A.
0.D. of Case. ...1.000 inch

Overall Length .2 37/64 inches
Weight .............5 ounces

Frequency ....400 cycles
No. of Poles (Motor).......... 6
No Load Speed (Min.)........ 6500 rpm
Rotor Inertia......... 1.1 gram-cm?
¥
ELECTRICAL CHARACTERISTICS E
OF TYPICAL TYPE 2028B' MOTOR GENERATORS
TYPE NO. ; MOTOR GENERATOR

¥ o OUTPUT

EXCITATION INPUT STALL Theoretical | EXCI- PER

20288 — PER TORQUE Acceleration | TATION 1000

FIXED | CONTROL PHASE AT STALL | FIXED { INPUT rpm

0411110 26 26 23 0.4 25600 26 1.8 51

0412120 26 26 . 40 0.6 38500 26 2.2 .68

0413120 26 26 1.8 0.3 18200 26 2.2 .68
0460600 115 115 4.0 0.6 38500 115 2,6 1.00 é

0470600 115 PP . 40 0.6 38500 115 26 1.00°

! -
' —< volts |  volls watts orn | rad/sec? | volts watts | voits.
OUTSTANDING FEATURES OF e | | -
TYPE 2028B MOTOR GENERATOR =

e New methods of manufacture result a new peak Of effiCiency

in high efficiency
in small servo motors

Input per phase only 1.8 watts

e High torque to inertia ratio to give
fast response

$ LR3I f.or 115 volt -115 volt t.wo A new line of units has been added to the Kolilsman “Special Purpose

phase or single ended tube operation Motors” family combining precision machining, advanced electrical
design and the latest in new materials. This new line consists of
Induction Motors and Induction Generators supplied separately or
combined in a single case one-inch in diameter. The new motors
plate to plate operation available have been designed to give the maximum torque per wait ratio
with the minimum rotor incrtia. The generators have been designed
) . to give the maximum output voltage with the minimum residual
e High generator output voltage with voltage and phase shift.

excellent signal to noise ratio

e High impedance winding for direct

One of the principal features of the Kollsman “Special Purpose
Motors” is the interchangeability of parts which permits numerous
electrically different combinations of motor and gencrator windings

e Zero degree phase shift in generator . i g——

Another unusual feature of the new line is the integral gear head
o All metal parts corrosion resistant unit. Contained within a single case is the gear train and motor; or
gear train, motor and generator. Gear ratios as high as 300:1 can
be supplied.

o Extremely wide operating temperature
range

Other models of one inch O.D. units

TYPE NO. DESCRIPTION

2103 induction Motor
2101 Geared Induction Motor
2131 Geared Motor Generator
Latest catalog and/or com-
0 S m a n plete specification drawings
INSTRU MENT € ORP. will be sent upon request.
-

: 80-22 45th AVE., ELMHURST, NEW YORK  GLENDALE, CALIFORNIA » SUBSIDIARY OF Sfdncfaﬂcf COIL PRODUCTS CO. INC.
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General Ceramics

off.erl'ng 3 co_mplefe services...
ENGINEERING-DESIGNING-PRODUCTION

on fhése@ basic components...

ELECTRICAL INSULATORS
GENERAL FERRAMIC® CORES

CERAMICS CORPORATION

STEATITE — For low power loss at high
frequency. High dielectric strength
through wide temperature range, Low
thermal expansion,

PORCELAINS — An economical high volt-
age material of grea: hardness. Low
thermal expansion. Wet or dry process.

ALUMINA —Characterized by great
hardness and chip resistance, Will with-
stand very high temperatures.

ZIRCON — Has low loss properties that
vary inversely with frequency. An excel-
lent high frequency material having
good thermal shock resistance.

2. FERRAMIC CORES

H
General Ceramics Ferramic Cores are
available in standard toroid, cup core
and TV components. Standardization sim-

plifies design problems, speeds delivery =
and lowers costs. The types illustrated O
are supplied in many grades of Ferram- @ @
ics for specific applications, © )
e © Oe,

3. SOLDERSEAL TERMINALS

: oy
Featuring high mechanical strength, re- -
sistance to thermal shock and permanent 1
hermetic sealing. Installation is easy and i
fast. Terminals are mace of glazed Alu-
mina Ceramic with lugs and eyelets hot i
tinned brass. Metallized areas are silver ‘

fired on ceramic, copper electroplated ; ‘] 1 )
and tin fused for soft soldering. m : % ¥

For complete information on standard components, and recommenda-

Mrz;;;No' S;IE:CTC')T: tions on specific applications, call or write today; there is no obligation.
A A, ’
PORCELAIN, SOLDERSEAL

T AT CERAMICS CORPORATION
MASNENIGICORES Telephone VAlley 6-5100
GENERAL OFFICES and PLANT: KEASBEY, NEW JERSEY
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RADIO,

40

for COLOR TV CIRCUITS

A greatly broadened line of Allen-Bradley Quality
ferrite parts is now available to electronic and tele-
vision set manufacturers. Some standard pieces are
shown above.

Three performance standards—WO-1, WO-2, and
WO-3 have been established for the elecirical and
magnetic characteristics of Allen-Bradley ferrite
component parts:

WO-1 and WO-3 are somewhat more efficient but
still interchangeable with other makes of ferrite parts.

WQO-2 parts have much lower losses and higher

permeability with greater flux density at maximum
operating temperatures. Their higher magnetic effi-
ciency permits reduction in size of these ferrites and
the use of less copper. A lower over-all cost is often
the result. In some color television circuits, the use of
Allen-Bradley WO-2 ferrites has eliminated two
tubes and related parts.

Allen-Bradley has grown rapidly as a dependable
producer of Quclity ferrite parts. It will pay you to
investigate the performance of Allen-Bradley ferrites
in your electronic circuits.

Allen-Bradley Co. & In Canada—
110 W. Greenfield Ave., Milwaukee 4, Wis. Allen-Bradley Canada Ltd., Galt, Ont.
OTHER QUALITY COMPCNENTS FOR RADIO, TV & ELECTRONIC APPLICATIONS

BRADLEYUNITS are avoilable in <tardcrd RETMA values
in ¥ and 2 watt sizes from 10 ot ms to 22 megohms;
in the 1 watt size from 2.7 ohms to 22 megohms. Allen.
Bradley resistors do not use ‘‘~a: impregnation” to
pass salt-water immersion tests

BRADLEYOMETERS can be sup-
plied as single units or in dual
and triple construction. Built-in
line switch can be provided.
Corrosion-resistant metal used
throughout. No riveted, welded,
or soldered connections.

ALLEN-BRADLEY

ELECTRONIC AND

Want more information? Use post card on last page.
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Widest selection of latest materi- Fixg

als. Constant addition of new spe-
cial-purpose bodies. Over 50
years accumulated experienze and
“"know how.” A highly t-ained
staff, alert for improvements and
new techniques.

True cost is what you get for what
you pay. It's risky to buy ceramics
by price alone. It may mean medi-
ocre material and outdated de-
sign. You'll profit by investigating
the recent “giant steps” taken in
the ceramic field.

AlSiMag offers the best possible
ceramic for your job at a price
that's right. Modern, large-scale
equipment cuts production costs.
Shipments are on time and to spe-
cification. AlSiMag extra sesvices
include free redesign service and
use of open dies.

Assembly lines run on deliveries,
not promises. That's why we're
careful to make delivery esti-
mates that are dependable. True,
ceramics are temperamental. Bul
you'll find AlSiMag’'s “shipment
as promised’ average is high. Ask
any of our customers.

* Send a blueprint and outline of operating canditions
and see wha® American Lava can do to save you money.

53RD YEAR OF CERAMIC LEADERSHIP

AMERICAN LAVA CORPORATION

A SUBSIDIARY OF #INNESOTA MINING AND MANUFACTURING COMPANY
CHATTANOOGA 5, TENNESSEE

Branch offices in these cities (see your local telephone diirectory):
Cambridge, Mass ® Chicago, !ll.  ® Cleveland, Ohio ® Dallas-Houston, Texas
Indiamapolis, Ind. ® Los Angeles, Calif. ® Newark, N. J. ® Phij adelph:a-?ittsburgh, Pa.
St. Louis, Mo. ® South San Francisco, Calif. ® Syracuse, N. ¥ ®  Tulsa, Okla.
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PRIMARY VOLTAGE

These curves contrast the plate and filament supply voltages obtained from
E a Sola and a conventional power transformer when line voltage is varied

from 100v to 130v.

Improve Performance of electronic products
with built-in regulating power transformer

You can make sure your product will always receive correct plate
and filament voltages by building in a Sola Constant Voltage Power
Transformer (Type CVE) in place of a conventional, non-regulating
power transformer.

The Sola CVE provides =39 regulation of plate and filament
supply, with line voltage variations of 100 to 130 volts. Regulation is
completely automatic, continuous and substantially instantaneous
(1.5 cycles or less). Sola CVE stabilizers have no moving parts or
tubes, require no manual adjustments or maintenance, and are self-
protecting against short circuits.

Three stock units (all with high voltage ct, 5.0v and 6.3v regulated
windings) are stocked by your electronic distributor. You can order
production quantities of special units manufactured to your specifi-
cation. We invite your inquiry.

Automatic, Maintenance-Free Voltage Stabilization

SOLA G,

TYPICAL STOCK UNIT: Sola Electronic
Power Transformers are made for chassis
mounting. They are furnished complete
with separate capacitors and capacitor
mounting brackets.

SEND FOR FOLDER:

Please write for folder which
gives complete data.

Ask for CIRCULAR 7A-CVE-195

sesre—

CONSTANY VOLTAGE TRANSFORMERS for Regulation of Electronic and Elactrical Equipment ® LIGHTING TRANSFORMERS for All Types of Fluorescent .and;
. Marcury Vapor lamps. = @ SOLA ELECTRIC CO., 4633 West 16th Street, Chicago 50, illinois, Bishop 2-1414 . BOSTON: 272 Cenire Sirest,
Newlon 38, Massachusetts ¢ . NEW YORK 35: 103 East 125th Street @  LOS ANGELES 26: 2025 Sunset Boulevard ¢  PHILADELPHIA: Commercial Trust

Building ® CLEVELAND 15: 1836 Euclid Avenue @ KANSAS CITY 2, MISSOURI: 406 West 34th Street . Representatives in Other Principal Cities

T e

42 Want more information? Use post card on last page.
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CH)

L
UT IRON CORE COSTS

wiihi Stackpole
“PREFERRED TYPES”

Made to well-known Stackpole quality
standards, these new “EE” Cores are
available only in commonly needed grades
and sizes. They're ready for

delivery from stock . . . at low prices . .. and

without the usual set-up charge for
custom-engineered corcs.

Mechanical specifications conform to

the latest MPA recommendations. Electrical
standards fully meet 8 out of 10
requirements of radio, TV, and
communications equipment.
Write, wire, or ’phone for details.

Electronic Components Division S TACKPOLE CARBON COMPANY

St. Marys, Pa.
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the KEY
to your problem

" metal-cased

MUlTIMETERS

the NEW I.OOK in

200000 ,/0.C. V.
J 20000 /A.C. V. FLagsh’cn co.
$0. PASADENA

CALIF, U. S AL

o§13455

A. R.—~
. \cmoncusu onn 173w sonune. & DB &
g ;---

POCKET SIZE WITH A 473" LENGTH SCALE

the KEYS
WE lEAVE IT TO YOU foeyour problems

if you could buy the finest movement in a magnetically
shielded metal case?

PLa@stron ANTI-MAGNETIC . . . DOUBLY SHIELDED

Phaostron, world famous manufacturer of ENVIRON-
MENT FREE PRECISION AIRCRAFT EQUIPMENT for Mili-

tary and Industrial uses introduces a new concept in
Multimeters, This magnetically shielded, metal-cased &) LARGE SCALES . .. CCLOR CODED

“555" compares with plastic-cased multimeters as a

fine watch in a precious metal case would compare with
a plastic wrist watch. @@m SIMPL'C'TY 9 o s ONLY 2 ]ACKS

The shielded, shatterproof and anti-magnetic case in-

sures continued accuracy and integrity of this instru- PLa@stron ACCURACY ... 3% DC, 4% AC

ment for years to come.

Phaostron **555" Multimeter incorporates more ranges,

including AC current, greater visibility, simplified and PLa@stron GREATER RANGES ... 3TO 1 STEPS
functional controls and the greatest value offered to

date.

See the Phaostron ‘555", note its many outstanding @ﬁm FASTER & FUNCTIONALLY EASIER

features, its beaufiful satin chrome case, its compact- to use and read

ness and light weight, and you will know why

“YOU CANNOT BUY BETTER” 539095 at your PARTS DISTRIBUTOR

Manufactured by PHAOSTRON COMPANY e 151 Pasadena Avenue o South Pasadena, Calif., U.S.A.

A4 Want more information? Use post card on last page. January, 1955 — ELECTRONICS



POTTED
AN

CONNECTORS

gain greater

electrical reliability «/{
with moisture-proof e

AMPHENOL Vf
Potted AN Connectors

At right are listed the outstanding features of aAMPHENOL
Potted AN connectors. What is Potting and how can it offer
these advantages to AN users? Potting simply replaces the
usual backshells of any AN3106, AN3101 and AN3100 plug
with a hemispherically shaped synthetic rubber sealant. It

&

completely encloses the contact terminals in an AN cable
assembly with a rugged moisture-proof housing.

The primary achievement of AMPHENOL Potting is an elec-
trically reliable moisture-proof connector—but its other ad-
vantages are almost as desirable and open the possibilities of
the use of Potted A Ns in applications where moisture-proof-
ing is not important. For not only is the Potted AN completely
resistant to salt water but also to stronger fluids such as fuel
oil and gasoline. Elimination of the usual backshell and cable-
clamping components reduces both the size and the weight of
an AN connector—and weight reduction is all important to
engineers in every field of electronics today. Potting also
provides a resilient mass at the wire terminals of the con-
nector which not only isolates each individual contact and
its wire lead in a sealed resilient chamber but permits the AN
assembly to withstand severe vibration and to operate ef-
ficiently under unusual conditions. And, finally, if these were
not enough reasons for specifying AMPHENOL Potted AN con-
nectors, a Potted connector is not only more efficient, lighter
in weight and smaller, but costs far less than so-called me-
chanically sealed connectors which are dependent upon aux-
iliary parts for moisture sealing!

1830 South 54th Avenue, Chicago 50, Llinois

AMERICAN PHENOLIC CORPORATION f@__

In Canada: AMPHENOL CANADA LTD., Toronto

e
fﬁ"{///

e

unique feat_ures arid 5”‘g00d$
reasons to specify AMPHENOL
Potted AN connectors!

-
G

New eﬁ:icient moisture-pro f design

B
i

-h

Greater electrical reliability in all
 kinds of weather

-

£
.
.

~ Weight-saving, space-saving con-
struction .

ol

4 Ability to withstand severe vibration

Lower cost than standard or me-
chanically “sealed” connectors

)

REQUEST BULLETIN 2555

Full details on Pottir.g of AN
connectors



R VERSATILE, REAVY-DUTY
PORTABLE WITH BROAD FIELD
AND LABORATORY APPLICATIONS

Cannot be damaged by external overloods! No down
time! Circuit breokers provide complete protection!

LAMBIA MODEL 71

2 Overload Circuit Breakers.
AC and DC Circvit Protection

¢ No “‘Down Time’ due to
External Overloads

@ Yernier High Voltage Control

SPECIAL FEATURES

& Hermetically-Sealed,
0Oil Filled Condensers

@ Time Delay Tube Protection

@ All-Aluminum Construction

¢ Stable 5651 Reference Tube

@ Made by America’s Leading
Power Supply Specialists

SPECIFICATIONS FOR LAMBDA MODEL 71 PORTABLE

INPUT...ccoooiii, 105-125 VAC, 50-60 CPS, 475 W (max)

DC OUTPUT NO. 1 (regulated for line and load)

0-500 VDC (continuously variable)
...0-200 MA (over entire voltage range)
Regulation (lme)....O 15% or 0.3 volt (whichever is greater)
Regulation (load)....0.15% or 0.3 volt (whichever is greater)
Internal Impedance Less than 4 ohms
Ripple and Noise Less than 5 millivolts rms
Polarity.............. Either pOsmve or negative may be grounded

DC OUTPUT NO. 2 (regulated for line only)
Voltage ranges: Internal Impedances:
(a) 0-50 VDC (no load) 5,500 ohms
(b) 0-200 VDC (no load) 25,000 ohms
Current range:
Any value of external load impedance may be used includ-
ing continuous low impedance or short-circuit. Insignificant
inter-action on Output No. 1 Short Circuit Current: 9 MA
(Max.)
Regulation (line) Better than 0.19
Ripple and Noise.. Less than 5 millivolts rms
Polarity..................... Positive termmal connected internally to
negative terminal of DC Output No. 1.
AC OUTPUTS (unregulated)
Two outputs, isolated and ungrounded. Each is 6.5 VAC at
5A (at 115 VAC input). Allows for drop in connecting leads.
May be connected in series for 12.6V (nominal) at S5A, or in
parallel for 6.3V (nominal) at 10A.
AMBIENT TEMPERATURE AND DUTY CYCLE:
Continuous duty at full load up to 40°C (104°F) ambient.

THE FIRST
103-02 NORTHERN BLVD. e

46 Want more information? Use post card on last page.

NAME IN POWER

CORONA 68,

OVERLOAD PROTECTION:
External overload protection.....AC and DC magnetic circuit
breakers. Trip-Free. Instant
manual reset. Front panel.

Internal failure protection.......... Fuses, access through rear of
of cabinet.
INPUT AND OUTPUT CONNECTIONS:
Input................ 8 foot heavy duty rubber covered line cord
with integral molded plug, rear of cabinet.
Output..........cc.oe. Sturdy insulated ‘5-way” binding posts,
front panel.
METERS:
Output voltage....c.....ccccouennen.. Multi-range 312” rectangular

voltmeter calibrated 0-50 VDC,
0-200 VDC, 0-500 VDC.
Output current.........c..ccoeeeneen. 312" rectangular milliameter
calibrated 0-200 MA.
VOLTAGE REFERENCE TUBE:
A stable 5651 reference tube is used to obtain superior long-
time voltage stability.

TIME-DELAY RELAY CIRCUIT:
A 30 second time delay circuit is provided to allow tube
heaters to come to proper operating temperature before high
voltage can be applied.

SIZE AND WEIGHT AND FINISH:
Si ...13” Hx8%" Wx 144" D
Weight .. 49

Finish

bs.
Two-tone gray

LAMBIDA Electronics Corp.

SUPPLIES
NEW YORK ¢ TWINING 8-9400

www americanradiohistorv com
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et |
30 Waldes Truarc Rings Save Space and Time...
Simplify Assembly and Disassembly

Potter’'s New Digital Magnetic Tape Handler

@ Prime requirements: fast starts, fast stops. fast tape
speeds, great accuracy. Usirg Truarc rings, this new model
starts and stops the tape within 5 milliseconds has tape
speeds up to 60 inches per second.

@ Truarc E-Rings snap quickly into place, act as shoulders
for the ball bearings with a minimum of friction. Additional
Truarc Rings are used as spacers on shafts, cen be located
accurately to extremely close tolerances.

Potter Instrument Company, Inc., of Great Neck, L. I,
uses 30 Waldes Truarc Retaining Rings in their new
Model 902 High Speed Digital Magnetic Tape Handler.
In addition to solving a variety of fastening problems,
Truarc Rings facilitate the rapid acceleration and fast
stopping needed in these machines.

Wherever you use machined shoulders, bolts, snap
rings, cotter pins, there’'s a Waldes Truarc Retaining

—-—

SEND FOR NEW CATALOG I

Solenoid Mount and Capstan Assembly

[ |
e, B

7 @ Miniature Truarc E-Rings on .040 diameter shaft and on

/, continuously running capstans eliminate projecting bolts

and screws. Rings permit rapid assembly and disassembly,
fast replacement of worn rubber capstans.

@ Truarc Standard Rings (Series 5100) hold the reel shaft
assembly firmly in place and permit the use of quick-lock
hubs so that the reel tapes can be changed in seconds as
they are finished.

Ring designed to do a better, more economical job.
Truarc Rings are precision engineered, quick and easy
to assemble and disassemble. They save time and
increase operating efficiency.

Find out what Waldes Truarc Retaining Rings can
do for you, toward saving costs and improving your
product. Send your blueprints to Waldes Truarc
Engineers for individual attention without obligation.

For precision internal grooving and undercutting ... Waldes Truarc Grooving Tool!

————— T T T T T T T T T T
wnllnns Waldes Kohinoor, Inc., 47-16 Austel P, LLCLN.Y. |
Wi /0 Please send me the new Waldes Truarc Retaining |
Y ) | Ring catalog. |
— = == ' | {Please print} |
1 I Name ...oceocvieerenne S, i
s [/— toa, ~amm0 /| Titte _ : |
i REG. U .S PAT OFF i .‘\.':\ S | . l
_ s
RETAINING RINGS % I COH'.lPdnY ............................ :
WALDES KOHINOOR, INC.,, LONG ISLAND CITY 1, NEW YORK | Business AddAress...........ccoveeeiiionens S ——— '
WALDES TRUARC RETAINING RINGS AMD PLIERS ARE PROTECTED 8Y ONE OR MORE OF THE FOLLOWING | l

U. 5. PATENTS: 2.302,947; 2.382.948: 2.416.852, 2.420.921. 2.420.341; 2,439.705: 2.441.846. 2.455 165;
2,463 380, 2.483.283. 2 487,602 2.487.803, 2.491.306. 2,509,081 AND OTHER PATENTS PENDING

—— e e e e e et e 8}
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PHELPS DODGE UP-TO-DATE

SIMPLIFIES YOUR MAGNET

T T s . S

48 Want more information? Use post card on fast page. January, 1955 — ELECTRONICS
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WAREHOUSE SERVICE
WIRE INVENTORY PROBLEM

COMPLETE WAREHOUSE STOCKS

strategically located on East Coast,

West Coast and in Central Region.

OVERNIGHT DELIVERY TO THE
MAJOR MARKETS

“ONE-PHONE-CALL” SERVICE
via nearest Phelps Dodge district

office. See list below:
¢ ¢ ¢

Atlanta, Ga. - Boston, Mass. -« Charlotte, N. C. + Chicago, II.
Circinnati, Ohio - Cleveland, Ohio - Dallas, Texas - Detroit, Mich.
Fort Wayne, Ind. - Houston, Texas - Kansas City, Mo.

Los Angeles, Caif. - Milwaukee, Wis. - New Orleans, La.

F New York, N. Y. - Philadelphia, Pa. - Pittsburgh, Pa. « Portland, Ore.
Sen Francisco, Calif. - Seattle, Wash. - St. Louis, Mo. - Washington, D. C.

" Eps Dp Co Praducts COTF” - Y E-.
d%‘ pper
@ beon  aneve coserd  MasIOON ~ @ ‘« y

gy

o ‘o
a COPPER wire PRODYS

PHELFS DODGE COPPER PRODUETS

CORPORATION

INCA MANUFACTURING DIVISION

nea. u. 5. rar. orr FORT WAYNE, INDIANA

ELECTRONICS — January, 1955 Want more information? Usc post card on last page 49



WEIGHS
ONLY
ONE POUND

*Trademark

Keller “"Wire-Wrap’’ Tools produce electrical
connections that need no soldering

around a terminal to make a permanent electrical
connection. Costly hand wrapping and soldering are
eliminated . . . production goes up while costs go down.

Hour after hour, this new lightweight “Wire-Wrap” Tool
makes uniform connections without fatigue to the operator.
Wire-Wrap connections retain their characteristics under
severe conditions of corrosion, vibration, or aging.

Z/ ... and this amazing new power tool wraps wire

For lower costs, fewer rejects, faster production, product
compactness, and strong, low-resistance connections, investi-
gate this revolutionary new tool.

SOLDERLESS WIRE-WRAP CONNECTIONS

are made by wrapping wire tightly around rectangular

”r’ terminals. Each quarter turn is locked under tension,
providing a permanent mechanical and electrical bond.
PASTENED These clean, high-pressure connections have a contact
area greater than the cross section of the wire . . . yet
can be easily removed when desired. Send for Bulletin

Available in air No. 11 for detailed information.

or electric modeis

* L ] [ ] * * * * L] [ ] * L ] L ] * * * *
((IUZE’W M are now available from Keller—the original manufacturer ”
o ,

Wire-UWrap Divisior.

KELLER TOOL COMPANY
1335 Fulton Street Grand Haven, Michigan

50 Want more information? Use post card on last page. January, 1955 — ELECTRONICS
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' High power gain of 53db
' UHF operation — 960-1400mc

20kw
modulating anode
pulse klystron

ElMAi X566 UHF klystrons have consistently obtained
peak pulse power outputs of more than 20kw with over
4C'0 efficiency at 960-1400mc. Many times more power-
ful than any other tube intended for similar operation,
such as aircraft navigational aid Distance Measuring
Equipment, the air-cooled X566 requires only 100 milli-
watts driving power for a 20kw output — a power gain
of 53db with bandwidth adequate for most pulse ap-
plications. Of special significance is the high average
power capability of one kilowatt, allowing the duty
cycle to be raised to 5% with a 20kw peak output, or
107¢ with 10kw output, and so on. Outstanding pulse
capabilities of the X566 are made possible through the
use of the Eimac modulating anode — an insulated
anode between the cathode and drift tube section —
permitting the klystron to be pulse modulated with

EITEL-McCULLOUGH, INC.

SAN BRUNO ¢ CALIFORNIA

low pulsing power. In Eimac high power amplifier kly-
strons using ceramic and copper construction, the reso-
nant cavities are completed outside the vacuum system,
which is left free of RF tuning devices — permitting
easy wide range tuning and uncomplicated input and
output coupling adjustment. This simplicity of design
and rugged construction minimize replacement costs
as well as making the Eimac X566 suitable for mass
production techniques.

The X566, another Eimac high power klystron achieve-
ment, is now available with circuit components for ex-
perimental purposes.

e For additional informatien, contact
our Technical Services Department.

THE WODRLD'S
LARGEST MANUFACTURER OF
TRANSMITTING TUBES




Inconel
Spring

Compensation
Bimetal

Inconel was chosen because it remains

A

N

A" Nickel wire leads are used for stable

A °
wco, Nickel Alloys

TRAD

52

‘ — Energy
| . Storage
| Bimetal

Nichrome V
Heater
Winding

—- : Nickel Wire
Leads

EpisoN Baadd Nickel Alloys

Whether you
or 5 minutes,

need a circuit delay of 2 seconds
a heating element and bimetal in

the Edison 501 Thermal Relay can be selected to
introduce it. The relay can also be used as an
overload-underload detector, as a cyclically oper-
ating current switch, and as an integrator of pulses.

One of the most important requirements Wilson High Heat 47%*, a bimetal. It

in a time delay relay is maintaining con-
tact pressure. The answer in this Edison
Time Delay Relay was a preloaded
Inconel spring.

strong and resilient, retains its spring
properlies at the operuling temperature
of the bimetal elements, and throughout
the evacuation and out-gassing process in
manufacture.

second Inco Nickel Alloy, Monel,
is used for rivets that rigidly support the
two bimetal elements. Monel rivets com-
bine corrosion-resistance and high
strength. They are easily clinched, too.

ichrome* V, another high nickel alloy,
is specified for the heater resistance wires.
It offers long life at high temperatures,
and stability during life.

electrical characteristics after repeated
heating, and for ease of welding.

MONE

consists of Invar, a low expansion alloy,
and Wilson alloy #20%%, a high expan-
sion alloy. Both are nickel alloys.

Dumet, a nickel and iron alloy, is used

for glass-to-metal wire leads because 1t
has expansion-contraction characteristics
similar to glass and is easily wetted by
molien glass for vacuum seal.

If you have a design problem

Follow the example of Thomas A. Edison
Incorporated’sInstrumentDivision. W hen
you need metals with special properties
for special jobs, look to Nickel and Nickel
Alloys. Send for a copy of Standard Alloys
for Special Problems to get an idea of how

many things INCO Nickel Alloys can do.

#Reg. U. S. Pat. Off. Driver-Harris Co.

Products of H. A. Wilson Co.

THE INTERNATIONAL NICKEL COMPANY, INC.
67 Wall Street New York 5, N. Y,

L® « “R"® MONEL + “K”® MONEL ¢ “KR"® MONEL

#§® MONEL ¢ INCONEL® ¢ INCONEL “X"®
INCONEL “W"® « INCOLOY® ¢ NIMONIC® Alloys * NICKEL

EMARK LOW CARBON NICKEL ¢ DURANICKEL®

Want morc information? Usc post card on last page.
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LIBRASCOPE

Xy PUNCHED
PLOTTER & RECORDER ‘ CARD
CONVERTER

Xy
PLOTTER & RECORDER

T

SUMMARY
PUNCH

KEYBOARD

DECIMAL KEYBOARD: Consists of a three-decimal bank for
each axis with associated plus-minus keys. Depressing
plot bar initiates plot and clears keyboard automatically.
Also manual clear button. Size: 8% x 11 in., Weight:
12 Lbs.

PUNCHED CARD CONVERTER: Converts punched card data
to an analog form suitable for input to X-Y Plotier from
Gang Summary or Reproducing punches. Display Monitor.
Total tube complement 26 tubes.

STRAIN
GAGE,
£1C

-~

X-¥
PLOTTER & RECORDER

POWER

and recorder

D.C. INPUTS: 5 millivolt full scale sensitivity on both
axes. Infinite input impedance for signals to .5 volts,
2 megohms input impedance above .5 voits.

simplified recording
of two independent
variables with greater
selection of input devices

A compact, desk-size unit that accepts
either analog or digital inputs. Stancard
digital converters: Decimal keyboard,
Decimal punched card, and Binary for
Computer Oul»uts. Handles remote
mechanical shaft rolations directly with-
out modification. Madifications available
to customer specifications. Full caart
visibility allows observer to view curve
genceration at all times. Unique pen
travel for fast, dependable performance.
Write for {ull catalog information.

Engineers, physicists and mathematicians
in search of interesting assignments, rapid
advancement, and job security are requested
to write Dick Hastings, Personnel Director.

Computers & Controls

IBRASCOPE

DESCRIPTION:

Desk or Rack Mounted
(RCA or RMA)
Accuracy: 1%

Weight: 70 Ibs.
A SUBSIDIANY OF GENERAL PRECCISION EQUIPMENT CORPORATION UseS standard Graph Papers:
LIBRASCOPE, INCORPORATED 1607 FLOWER STREET, GLENDALE, CALIFORNIJA 117 x1632", or 812" x 11"
4 Power Consumption:

150 watts, 115 volts, 60 cycles

ELECTRONICS — January, 1955 Want more information? Usc post card on last page. 53
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from VACUUM MELTING-

improved alloys with exceptional properties

WHAT ARE VACUUM-MELTED METALS?

Vacuum-melted metals are a familiar family of alloys with new, improved
characteristics. For during high-vacuum melting, gaseous impurities are
literally sucked from the molten metal. The result is cleaner, purer metals with
desirable properties not previously attainable . . . in, for example, superalloys,

bearing steels, high-strength steels, electronic metals, or magnetic alloys.

WHAT ARE THEIR ADVANTAGES?

Many characteristics of a specific alloy can be improved by vacuum melting and
casting . . . for impurities that limit an alloy’s potential are removed.

Tensile and impact strength, stress rupture strength at elevated temperatures,
and fatigue life can all be substantially improved . . . and creep and

brittleness minimized by vacuum melting.

HOW CAN | BEST USE THESE IMPROVED ALLOYS?

Frankly, vacuum-melted metals are so new that many applications for them
have not yet been explored. But where they have been used, they’ve proved
their effectiveness in improved performance. Superalloy jet engine turbine
blades, for example, have given more than twice the performance life of blades
made of conventional air-melted alloys. And ball bearing rejects dropped from

50% to 3% when vacuum melted steels were used.

WHERE CAN | GET VACUUM-MELTED METALS?

Now, Vacuum Metals Corporation, pioneer in the development and production
of vacuum-melted and cast alloys, is producing tool, high-speed, stainless and
alloy steels — in most sizes and grades — as well as special ferrous and
nonferrous alloys. If you have a metals problem that vacuum-melted alloys
might solve, please describe it in as much detail as possible. Write

Vacuum Metals Corporation, P. O. Box 977, Syracuse 1, N. Y.

o

VACUUM METALS CORPORATION

Jointly owned by Crucible Steel Company of America and National Research Corporation

54 Want more information? Use post card.on last page. January, 1955 — ELECTRONICS



BASIC 10 CONNECTOR TAPEER-BLOK
WITH DUAL CONTACTS

Photo shows TAPER-BLOK with A-MP
TAPER PINS in place. Strip measures
only .610"" x 2", Blocks, made of NYLON
10001, can also be stacked to accommo-
date hundreds of circuits,

st S

TAPER PINS FOR MULTIPLE CONNEC-
TORS, AN AND OTHER TYPES

Amphenol, Cannon, Continental and
Winchester Connectors now are avail-
able with tapered receptacles for A-MP
self-locking TAPER PINS. Saves over
80% of your wire assembly time and
provides uniformly higher quality con-
nections at lower cost.

- s SERDRG

TAPER TAB RECEPTACLE APPLICA.
TIONS

More and more flat tabs on relays,
switches and other components are be-
ing tapered to receive A-MP TAPER TAB
RECEPTACLES. Fast easy assembly re-
duces costs and provides higher quality
connections.

ELECTRONICS — January, 1955

MINIATURE

TAPER-BLOK
For AMP Taper Pins

(Wire Ranges: /26 to /18)

NEW TAPER-BLOK FOR A-MP'S TAPER PINS HELPS YOU
SAVE SPACE AND WEIGHT, SPEEDS UP WIRING ASSEMBLY,
SIMPLIFIES DESIGN, AND REDUCES COST!

The TAPER-BLOK shown has receplacles for 1000 connections, yet
measures only 4" x 5 x %’'! Receptacles are designed to receive A-MP
self-locking Taper Pins which can be easily pushed in place with A-MP’s
CERTI-LOK measured energy insertion tool.

Extremely high contact pressure assures dependable, uniform, low
resistance connections for electric ana electronic circuits.

Assembled TAPER-BLOKS are available in 10 and 20 connector sizes
with single or dual receptacles. TAPER-BLOK strips can be assembled
by stacking to provide the number of connections required for your
design. Write for specific information and latest prints.

AMP Trade Mark Reg. U.S. Pat. Off. © AMP

AIRCRAFT-MARINE PRODUCTS, INC.
2100 PAXTON STREET, Harrisburg, Pennsylvania

In Canada — AIRCRAFT-MARINE PRODUCTS, INC.
1764 Avenue Road, Toronto 12, Dntario, Canada

Want mere information? Use post card on last page, 55



C-D-F is a dependable source of supply for all
of your coil form spiral tubing needs. Uniform,
high product quality is maintained by rigid
standards ol manufacture. C-D-F offers you lab-
ricating skill, backed by exacting technical and
inspection control. A recent C-D-F development
is Grade 5 Constant Torque Tubing for use in
coil forms. Aflter the threaded iron tuning core
is inserted and finally adjusted, you obtain the
same stable torque rating.

Constant Torque [eatures: exact internal thread-
ing . . . everv thread engaged. 3-point contact
with core prevents binding and permits positive
tuning and re-tuning. Outer surlace of wibe has
no weak spots, no external embossing to cause
cement leakage. Available in lengths up to 14”7
to take .218” to .250” core with 28 threads per
inch and also 6-32, 8-32 and 10-32 screw sizes.
Write lor samples.

Grade 5 Tubing is also custom-fabricated by
C-D-F in conventional shapes to accommodate
other sizes ol tuning cores.

C-D-F produces spiral tubing in grades to meet
most requirements. Use the Grade Selector
Chart when requesting samples and additional
intormation.

AVAILABLE GRADES
IMPREGNATED

1 General Electrical and Mechanical Grade. O

1A Electrical and Mechanical Grade—Special Punching. O

2 Mild Stopling. Riveting, and Post Forming Quality. O

2A Intermediate Fabricating ond Stapling Quality. O

3 Severe Stapling. Riveting, ond Post Forming Quality. O .

5 Constant Torque ond Formed-to-Shape Coil Form Tubing. O "Q#
6 Special for High Humidity Apptications. O :
6A Extra Hard, High Strength Tubing. O

7 Soft Varnished Kraft Tubing. O 1 [

7A Hard, Rigid Rectangular Tubing. [ [

8 Vornished Diamond Insulation—Tubing. O

9 "Deflection Coil” Tubing. O

10 Lorger Size, Heavy Wall Tubing for Mechanicol Uses, O

UNIMPREGNATED
20 Special Wound in Specified Combinations of kraft paper, fish

poper,ete. O [J
21 Ploin Kraht Poper Tubing. O [ [T 1
22 Plain Diamond Insulation Tubing. O

23  Plain Chipboard Tubing. O

O Round 'O' Formed and Notched
O Formed (fluted shape) | : Square, Rectangular

56 Want more information? Use post card on last page.

CD-F

A UNIFORM, HIGH QUALITY PRODUCT AT LOW COST

SPIRAL
TUBING

Good dielectric strength * Low dielectric loss properties
Good mechanical strength and moisture resistance

STANDARD

,,.:,,,,:,..:.,,]}... 0

LEVERY OTHER THREAD) =

CONSTANT TORQUE

EVERY THREAD}

SELECTION OF THE PROPER GRADE

While the differences between some of the grades are not great, they
are quite distinct when specific requirements are considered. For most
uscs, the proper grade can be setected from the descriptions, size range,
and properiies tables in our catalog. If this should prove difficult in
some cases, il is desirable for our C-D-F sales engincer (o have as much
information as possible about the application. especiaily fabricating
requirements, in order that we may make suggestions. Your blucprint
is usually suthcient if it carries some indication as to the quality desired,
In other cascs, the following check list will be found to be helpful:

Type of Application.

Properties required or the customer’s specilication for the material.
Fabricating quality desired. This is important where stapling,
riveting, punching, or forming operations are to be performed by
the customer.

Any unusual conditions which may aiiect the suitability of the
material for the job. For tubing that is to accommodate tuning
cores, actual samples of the cores are essential along with to1que
requirements (if known).

See our general catalog in Sweet's Design File for more data, the address and telephane
number of your nearest C-D-F sales engineer. Also write for 8-page Technical Folder
ST-53 showing all grades of C-D-F Spiral Tubing, free test samples, or send us your print
for quotation.

CONTINENTAL-DIAMOND FIBRE COMPANY

NEWARK 16, DELAWARE

WWWwW americanradiohistorv com

January, 1955 — ELECTRONICS



aA

two new features

Kinney Vacuum Pumps...

controlled gas ballasting

Kinney Pumps can now be equipped with the Kinney Controlled Gas Ballast valve . . . it
prevents vapors from condensing within the pump . . . keeps oil clean for continuous operation.
Kinney design controls the amount of gas ballasting air for maximum pump efficiency.

reduced vibration

Kinney dynamic balance has reduced vibration on compound pumps to an acceptable
amount for all practical purposes. These pumps are ideal for use on such applications as dollies
and carts.

Feature for feature, no other vacuum pumps can match Kinney. Bring us your vacuum
problems. We have competent vacuum engineers in each of our district offices who will gladly
help you. Contact one of our engineers or send the coupon for full details.

KINNEY MFG. DIVISION

THE NEW YORK AIR BRAKE (0MPANY@

3565 WASHINGTON STREET = BOSTON 30 * MASS.
Please send Bulletin V54 describing the complete line of Kinney Vacuum Pumps.
Name .. e e T Sy Sy W
COMPANY st et S

Address

City O State
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COMPOSITE STOCK

Composite Contact Material

that meets your requirements
Composite Contact Assemblies

that cut your costs!

There are many advantages for using General
Plate composite contact materials, processes and
facilities. Among the more important are better
performance, longer operating life and lower fab-
ricating costs.

But that’s not all — here at General Plate you
have a single source that can supply your contact
requirements be it composite raw stock, contacts
or complete assemblies. General Plate stock and
contacts are available in a wide range of alloys
designed to meet your specific requirements.

General Plate Composite Contact Materials
make it possible to manufacture complete contact
assemblies to close tolerances by single blanking

Want more information? Use post card on last page.

and forming operations. Compare
this to other methods whereby the
contacts and supporting members
are fabricated separately and then
assembled by brazing, welding or
staking methods.

By letting General Plate fabricate

your complete contact assemblies,

you will save money, time and trouble .. . need-

less equipment cost and problems of scrap dis-

posal are eliminated ... contacts and/or contact

assemblies made to your exact specifications are
shipped to you ready for installation.

Write for complete information and Catalog
PR700.

You can profit by using

General Plare Composue Mefals'

METALS & CONTROI.S CORPORATION
GENERAL PLATE DIVISION

31 FOREST STREET, ATTLEBORO, MASS,
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A new precision instrument
—the 501 Time Rate Indicator—
combining speed and accuracy
with direct numerical readout
through its entire 10 Mc./sec.
range. Compare these
features against your counting
or time-rate measurement
possibilities:
Frequency measurement to 10 Mc./sec.,’
20 millivolt sensitivity
%1 count £0.3 ppm per month
absolute accuracy
Automatic decimal point
Remote, local, cantinvous or manual
measurement cycle controt
Meosures directly:
Frequency, Period, Elapsed Time,
Ratio of two Frequencies,
Dimensions: 194" w x 15” h'x 18" d

Inquiries on exporl sales should be
I addressed to:
| ANDREW S, $ZUCS, Inc.
I ( 50 Broad Stre2t, New York 4, N. Y.

Creative developments in the field of electronics . . .

I.ABORATORY for ELECTRONICS, Inc.

75 PITTS STREET, BOSTON 14, MASSACHUSETTS

ELECTRONICS — January, 1955 Want more information? Use post card on last page




Death-defying performance

You can depend on C.T.C. coils to
give a steady, star performance. They
won’t go dead despite threats of tem-
perature, climate or vibration. And for
very good reasons —

The mounting stud of every C.T.C.
coil is fastened to the ceramic body in a
special way that does away with weak-
nesses of ordinary coil fastenings. This
special fastening makes C.T.C. coils
vibration-proof. What’s more, their
tightness 1s preserved in hot, cold, dry
or damp weather. All C.T.C. coils are
precision-made, of course, to meet in-
dividual specifications — and to meet,
or better, government specifications, as
well. And continuous quality control is
maintained.

As a result, you get a guaranteed elec-
tronic component — custom or stand-
ard — whose performance you can de-
pend upon.

Precision-made C.T.C. components
that benefit from C.T.C. high quality
standards include terminals, terminal
boards, capacitors, swagers, hardware,
insulated terminals and coil forms. For

60

all specifications and prices, write
Cambridge Thermionic Corporation,
437 Concord Avenue, Cambridge 38,
Mass. West Coast manufacturers con-
tact: E. V. Roberts, 5068 West Wash-
ington Blvd., Los Angeles 16 and 988
Market St., San Francisco, California.

Slug Tuned Coil Data: Single layer or pie type
windings to your specifications. Forms of quality
paper base phenolic or grade L-5 silicone im-
pregnated ceramic. Mounting studs are cadmium
plated brass; ring type terminals are silver plated
brass. All units include slugs and mounting hard-
ware. One style (Type C) available with retaining
collars of silicone fibreglas which permit 2 to 4
terminals. Windings can be coated with resin
varnish, wax or lacquer.

CAMBRIDGE THERMIONIC CORPORATION

makers of guaranteed electronic components,
custom or standard

Want more information? Usc post card on last page.

New CST-50 variable ceramic capacitor surpasses
range of capacitors many times its size. Stands
only 1%4,” high when mounted, is less than ¥” in
diameter and has an 8-32 thread mounting stud.
A tunable element of unusual design practically
eliminates losses due to air dielectric giving large
minimum to maximum capacity range (1.5 to

12MMFD).

&£
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In the parade of progress as in the manufacture of
capacitors it takes vision to lead. That is why, we, at
Cornell-Dubilier, have proven our leadership with
constant feresight . . . by always being first to develop
new and more efficient capacitors to meet tomorrow’s
demands. Too, this vision has given Stpe--Micadon* mica capazitars,

C:D...45 YEARS OF FAMOUS FIRSTS

Shown here are three examples of C-I’s “Famous Firsts” —
proof that whatever your capacitor requirements, a
©C-D engineer can show you money saving answers. Write to
€arnell-Irubilier, Dept. K-15, Scuth Plainfield, N. J.

ONSISTENTEY EPENDABLE
F§ I PLANTS IN SO. PLAINFIELD, N. J.; NEW GEDFORD, WORCESTER AND CAMBRICGE, MASS.; PROVIDENCE AND HOPE VALLEY, R. I.;
INDIANAPGLIS, INO.3 SANFORD AND FUQUAY SPRINGS, N, C€.; SUNSIDIARY. RADIART CORP,, CLEVELAND, OKIO.

ostege stamp (Micadon®)
mica capacitors.

*
® THERE ARE MORE C-D CAPACITORS IN USE TODAY THAN ANY OTHER MAKE

ELECTRONICS — January, 1955 Want more information? Use post card on last page.
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A Handful

==

OF PRECISE CO-OPERATION

YOU have a new product on your
design boards. Will you “go it
alone”? . . . or will you do as so many
cost-conscious manufacturers are do-
ing—turn it over to Atlas for devel-
opment and production prototypes?

Atlas design, production and
methods engineers, toolmakers, and
skilled mechanics work right with
you on a job basis. As many men,
machines, and hours of work as you
require and no more. Every modern
cost-cutting tool and technique at

ENGINEERING o

Want more information? Use past card on last page.

PRODUCTION

your service. Quality ccntrol and
functional testing, too.

Is your product a complete electro-
mechanical assembly? . . . a special
part for electronic equipment? Atlas
will engineer precision gear assem-
blies and components made to your
exact specifications. Write today for
booklet ‘‘Precision-eering Electro
Mechanical Equipment.” ATLAS
Precision Products Co. (Div. of
Prudential Industries), Phila. 24, Pa.

" Forc @/&W Board.. . . Lo Frodleectiore Zeree”

o ASSEMBLY
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The rectifier you need
... When you need it!

Bradley Selenium Rectifier Kits are time-savers for the design and
development engineer. Seven different kits offer a broad choice of types,
all complete units, all with standard commercial coding. Miniature recti-
fiers from 1.5 ma D.C. up to 3700 volts peak inverse. Power rectifiers
from 100 ma D.C. to 10 amperes D.C. up to 740 volts. The smallest
rectifiers have 3/16-inch diameter plates, the largest 5- x 6-inch plates.
There’s a type and size for every conceivable need.

Bradley Rectifier Kits are low in cost, too. The individual rectifiers
are all produced by Bradley’s standard, high quality production methoes
— the proven vacuum deposition process with rigid, laboratory-type
controls.

With Bradley Selenium Rectifier Kits on hand there’s no more waiting
for samples — no more delayed projects. Write today for complete details
on kits and costs, or see your local industrial electronics jobber.

A
\
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BRADLEY LABORATORIES, INC., 168E COLUMBUS AVENUE, NEW HAVEN 11, CONN.
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PURCHASE ORDER
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STROMBERG-CARLSON COMPANY

PURCHASE ORDER ROCHESTER 3, N. Y.

Better Design

Why do leading elecironic manufacturers order
and re-order Simmons’ QUICK-LOCKS in quantity?
FFor good dollar-wise reasons:

IN ASSEMBLY—
* No special tools are needed for installation.

r B
________.———*—-’—""_—_’_’-_- PURCHASE ORDER -
LA INC. 3
i " °.L?«E‘2::;;"“‘ %.508201 P - 0
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PHILCO CORPORATION

GOVERNMENT AND INDUSTRIAL DIVIRON o

ey FaoTENCR CORFIFATION
L1 Ak QAT A Y

PELADELPHIA 14, PA,

PURCHASE ORDER MO

* Flexible mounting takes care of curved sheets

’

and misalignment.

* Various material thickuesses can be handled.

IN DESIGN—

« Initial loads taken by helical spring. Increased
loads carried on solid supports.

T 22058

FHOME YAN BUREN &-e808
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* 90-deg. rotation locks and unlocks fastener,

* Stud is self-¢jecting when unlocked.

* Stud is self-aligning. Makes mounting and de-
mounting detachable panels simple.

QUICK-LOCK can help reduce your assembly costs

s Na and can add unusual advantages to vour designs.
5061 |
313

Send for data and samples today.

SIMMONS FASTENER CORPORATION
1750 No. Broadway, Albany 1, New York
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IPSWICH FIXTURE PLAN

Want more information? Use post card on last page.

: QUICK-LOCK
IP-1525 3
SPRING-LOCK
S I | | ' | | ' O n S ROTO-LOCK
~ | LINK-LOCK

| DUALLOCK

JUST OUT!
NEW 36-PAGE CATALOG WITH APPLICATIONS.
SEND FOR IT|

Fasteners that improve products

)
and reduce assembly costs.
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A MESSAGE TO AMERICAN

INDUSTRY + ONE OF A SERIES

Capital Spending Plans for 1955...

Here is Good News
Ahout Business Prospects

In 1955, American industry is now planning
to spend within 5 per cent of the amount it is
spending this year on new plant and equipment.
This 1s the tensely awaited result of a check-up
just completed by the McGraw-Hill Department
of Economics.

Hundreds of companies, by far the
largest number in the eight-year history of
these McGraw-Hill surveys, cooperated in
the check-up. Combined, they represent 29
per cent of all industrial employment and
over 60 per cent of employment in the in-
dustries where capital investment is high-
est. Such a broad cross section constitutes

PLANS FOR CAPITAL INVESTMENT

MILLIONS OF DOLLARS
Percent
e oo Change

1953 1954 1955 1954-
ACTUAL* ESTIMATED* PLANNED 1955
All Manutacturing $10,026 $ 9,249 $ 8,598 —7%
Petroleum industryf 4,600 4,875 4,920 +1
Mining 506 380 n —18
Railroads 1,312 851 76%9 —10
Other Transportation
and Communications 2,954 2,922 2,640 —10
Electric and Gas
Utilities 4,548 4,274 4,206 -2
ALL INDUSTRY 23,271 21,784 20,727 —5

*United States Department of Commerce; Chase National Bank;
McGraw-Hill Department of Economics

tPetroleum refining, included under both “All Manufacturing'’ and
*'Petroleum Industry,” is included only once in the total

a reliable gauge of the plans of industry as

a whole.

What is the meaning of these plans, detailed
by the table below, for capital investment next
year? Is it good or bad news, so far as it con-
cerns the prospect of continuing prosperity? It
is to this crucial question that this editorial is

addressed.

Key to Prosperity

It is not only good but very important
business news that American industry
plans to spend in 1955 almost as much for
new plant and equipment as it is spending
this year. The reason it is important is that a
high level of activity in the capital goods .in-
dustries is universally recognized as a particu-
larly potent ingredient of prosperity for the
nation as a whole. A dollar spent for capital
goods is spent again and again for wages and
materials. Its stimulating effects, called by econ-
omists multiplying effects, move through the
economy in much the same way that a pebble
tossed into a pond creates a widening circle of
ripples. This is one reason why there is such in-
tense business interest in the surveys of plans
for capital investment.

Here are the principal reasons why the results
of the McGraw-Hill survey are a good omen for
continuing prosperity:



1. American industry is demonstrating
that it does not need the stimulus of war-
created shortages, or a rearmament boom,
in order to maintain a very high level of
capital investment.

The slight decrease now planued for
1955 will still maintain a level only about
11 percent below the all-time peak at-
tained in 1953 under the stimulus of a de-
fense expansion boom.

2. Capital investmment promises not
merely to stabilize at a high level, but ae-
tually to increase as 1955 goes on and thus
give renewed stimulus to business.

The level of investment now planned for
1955 by industry —manufacturing, petro-
leum, mining, transportation, communica-
tions and utilities — is within 5 per cent of
1954. Contract awards for commercial
consiruction — stores, office buildings,
warehouses and other service establish-
ments —as compiled by the MeGraw-Hill
publication EncINEERING NEWs-REcorp,
indicate a substantial increase in 1935.
Thus total capital expenditures by all bus-
iness may be very close to this year’s total.

Actually, in the fourth quavter of 1954,
business capital expenditures, as reported
to the U.S. Depariment of Commerce, are
down about 2.5 per cent {rom the average
for the year as a whole. So there is a good
chance that during 1955 the annual rate of
capital investrient will rise above this
present level.

Effect of Tax Changes

The plans reported by the McGraw-Hill sur-
vey are preliminary plans, reported at the be-
ginning of the period of business budgeting for
1955. As budgets are completed, new projects
may bring the total expenditure that is planned
even closer to this year’s figure and thus make
an even greater contribution to continuing pros-
perity.

But it also cannot be too strongly emphasized

that these are plans; they are not accomplished
investments. As such they have the vulnerabil-
ity to changed conditions that chavacterize any
plans.

There is some indication in the results of the
MecGraw-Hill check-up that one change in con-
ditions recently made by the United States gov-
ernment has had an important stimulating effect
on plans for business investment next vear. It is
a liberalization of the allowances for deprecia-
tion. Apparently encouraged by this provision,
most of the smaller companies are planning to
maintain or increase their purchases of new
equipment next year, whereas during the past
three years their expenditures have heen declin-
ing. This is obviously a development that
strengthens our economy.

A government insensilive to the key impor-
tance of capital investment by business, both in
providing prosperily and in raising our stand-
ard of living, might easily destroy the present
plans. One of the easiest and surest means to do
this is excessive taxation of business profits
which are the key ingredient of business invest-
ment. Whether the extraordinarily constructive
program recently enacted by the federal gov-
ernment in the field of husiness taxation can be
sustained remains to he seen. If it ean be sus-
tained. the remarkably cheering plans of
business for capital investment in 1955
can readily become firm foundations for a
conlinuing prosperity.

T his message is one of a series prepured by the
MeGraw-Hill Department of Economics to help
increase public knowledge and understanding
of unportant nationwide developments that are
of particulur concern to the business and pro-
fessional community served by our industrial
and technical publications.

Permission is freely extended to newspapers,
groups or individuals to quote or reprint all or
parts of the text.

PRESIDENT

McGRAW-HILL PUBLISHING COMPANY, INC,

-
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Here is a
CRT Exterior Wall Coating

that's Fast-Drying,
Adherent, Opaque

‘dag’ Exterior Wall Coating is a dispersion of
extremely fine graphite in lacquer.

It is easily applied by spraying, and dries for
handling in 2 to 3 minutes. Maximum adhesion
is obtained by drying at room temperature for 24
hours...with the same result from infra-red at
100°C. for 1% hout.

The coating obtained is as smooth as the glass
itself and as black as coal. Its adhesion is so good
that scratching it is almost an impossibility. Water
won't loosen it either.

Acheson Colloids can also supply appropriate dis-
persions for coating interiors of tubes.

You can have more detailed cdata by asking for
Bulletin No. 433-A 2.

Dispersions of molybde- We are also equipped to do
num disulfide are avail- custom dispersing of solids
able in various carriers. in a wide variety of vehicles.

dag Acheson Colloids Company, eort nuron mich.

.also ACHESON COLLOIDS LIMITED, LONDON, ENGLAND
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P-N-P JUNCTION TRANSISTORS
WITH VACUUM HERMETIC SEALING

designed for specific applications

COMPUTER TYPES

Less than 1 microsecond is required to
switch 100 ma collector current with type
2N92. Smaller collector currents can be _i
switched efficiently with type 2N91. Care- i

ful manufacturing and conservative ratings ==
insure reliability in excess of vacuum tubes. 1% x actual size

- ——

MEDIUM POWER TYPES

For applications requiring up to 750 milli-
watts dissipation and alpha cutoff up to
1 megacycle, the type 2N85 and 2N86
are ideal. They provide a linear transfer
characteristic up to 20 ma collector current
and can be operated at ambient tempera-
tures up to 75°C. 1% X actual size

HIGH POWER TYPES

The 2N83 and 2N84 are intended for high-
power applications and are conservatively
rated at 10 watts dissipation. A Class B
amplifier using these types would be cap-
able of 5.0 watts output at 60°C. The 2N83
is comparable electrically to the 2N57.

SUBMINIATURE TYPES

Types 2N88, 2N89, and 2N90 are espe- e ——
cially useful where small size and excellent L
low level performance is desired. e BT

STANDARD TYPES

A wide variety of RETMA types inclﬁding
the 2N34, 2N43, and 2N65 are available for
most general purpose applications.

-
Transitron’s special engineering group is avail- 1% X actual size i
able to help you with specific transistor applica- send for -~
tions. Inquiries concerning your particular design .
problems are invited. Bulletin

TE1320 e PR

:’
f
A

A

=

[ ]
Tr(]n’ltron electronic corporation ¢ melrose 76, massachusetts

em— P - - B <@

Glass Diodes Quads Siliconh Diodes Germanium Diodes Transistors Power Transistors

66 Want more information? Use post card on last page. ’ January, 1955 — ELECTRONICS



RAYTHEON MAGNETRONS
AND KLYSTRONS
MEET EVERY FREQUENCY
AND POWER NEED

Two of these tubes just declassified

RK6230/QK299B — tunable
pulse magnetron (8900-2400
Mc), 1 Kw average peak power

RK6410/QK338 —
fixed frequency, pulse
magnetron (2750-
2860 Mc), 5mega-
watt average

peak power

RK2J51 — tunable
pulse magnetron
(8500-9600 Mc), 50
Kw average peak
power

RK597 6 —mechanically
tunable klystron (6250-
7425 Mc), average
power 100 milliwatts

RK6116 — thermally tuned
ruggedized klystron (8500-
9660 Mc), average power 25 | :
milliwatts < 4 .

RK5721 —klystron tunable with
external cavities from 3600 to
10,500 Mc. Average power 125
& milliwatts in the 2% reflector mode
& (4290-8340 Mc)

Raytheon also manufactures
transmitting tubes, storage tubes
and square law tubes

Raytheon Manufacturing

y VARIATION
LLATORS

VELOCIT
REFLEX 0SCl

[U UL

[il}

s of Unclassificd

|
L

Characteristic

Tube TYPEs MAGNETRON OSCILLATORS

be l)'P‘m-aiIablr npon reque Characrer.’sr,’cs of Undassifi d
€

Tube Types

Complete data on 1

AT

|

Complete dyy, " requess
plete daty oy, tube pe avasiable PR requesy

(,'1
N \‘/

i m;
Raytheon Manufacturing Comp
“ -
! Power Tube Divitic®

ALTIAM 54, MASSACHUSETTS

w.

T

.

Rayctheon Mznufaclurin

8 Compaaqy

Pouer Tube Divison
Waly
ham 54, Massachusers
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(HTERIEH

CONSOLIDATED DATA BOOKLETS FOR
RAYTHEON MAGNETRONS & KLYSTRONS

WRITE FOR YOUR COPIES TODAY

AR

These valuable data booklets, which
we will be glad to send you, list most
principal unclassified types now
manufactured — give maximum rat-
ings, typical operating values, fre-
quency ranges. Indispensable to
every microwave engineer’s file.

power, magnetrons are being used in
an ever increasing number of appli-
cations.

(LML

Raytheon klystrons, which can be
tuned mechanically or thermally, fit
the widest range of requirements with
tubes available from 550 to 60,000 Mc.

Please feel free to call on us for
Application Engineering Service on
your microwave problems. There is
no cost or obligation.

Raytheon is the world’s largest pro-
ducer of CW and pulse magnetrons,
many tunable mechanically or elec-
trically. A compact, efficient source of

WRITE TODAY for your data booklets. Please
address Raytheon Manufacturing Co., Power
Tube Sales — Section PL-11, Waltham 54,
Mass., or telephone Waltham 5-5860, Ext. 2443.

AR

Company, Power Tube Division, Waltham 54, Mass:



PLAIN FACTS ABOUT VIBRATION AND SHOCK MOUNTINGS

FOR AIRBORNE ELECTRONIC EQUIPMENT

OUT-DATED UNIT MOUNT BASE

16 mounting holes and 16 bolts required.

Unit mountings may be improperly attached to the rack,
and are very likely to be seriously misaligned during attach-
ment to aircraft or missile structure.

Even minor discrepancies in spacing and attachment of unit
mounts can defeat the whole purpose of the mounting base, and
result in poor performance and deterioration of equipment.

le X ]
| |
| Mor ]

Excessive height required. Unit mount bulk imposes reduced
spacing (X) hetween support centers, resulting in impaired stabil-
ity (critical in lateral direction). Greater sway space required.

Well Designed Electronic Equipment,
If Poorly Mounted,
Too Often Operates Inefficiently and Unreliably

Failure also can result from use of inadequate mountings which
are not engineered for the particular equipment and purpose.
Conventional shock mounts or so called “isolators”, reasonably
effective when installed under ideal laboratory conditions, become
dangerous trouble makers when installed by usual production line
methods.

Anachment of a base plate to unit mounts to achieve spacing
control is a makeshift arrangement resulting in excessive weight
with no height reduction.

Failure also can result from obsolescent unit mounts employing
internal rubber, organic or synthetic materials which deteriorate
rapidly and are susceptible to temperature and environmental
changes.

The importance of today’s electronic equipment surely justifies
the use of integrated mounting systems designed to meet specific
problems rather than the unreliable application of assembled
“catalogue” mounts.

4 % e g OO T TP TS

o

3 st

b 2z |.1,nlmﬂ'&

TODAY’S ENGINEERED MOUNTING SYSTEM

Only 4 mounting holes required.

Prespaced holes in a one piece hase plate assure quick.,
accurate attachment. Relationship of all 4 holes is definitely
fixed (holes spaced for interchangeability with unit mounts).

No installation errors or misalighment can occur to disturb
the precise performance of the mounting system as checked and
approved on acceptance tests.

Note reduction in mounting height. Important space saved. Muxi-

mum spacing (Y) of resilient elements at extreme corners provides
stahility. Less sway space required.

Robinson All-Metal Engineered
Mounting Systems Assure Qutstanding Performance
and Reliability of Equipment

The Robinson concept of vibration and shock control is
the design and application of 100% all-metal mounting systems.
Engineered with careful understanding of the equipment to be
protected and performance expected, Robinson mounting systems
come to you completely manufactured, ready to receive the elec-
tronic equipment or instrument.

The integration of these mounting systems into the electronic
equipment of daircraft and missiles results in reduction of elapsed
design time and basic development cost.

Robinson Mountings utilize, as main resilient elements, metal
wire cushions (MET-L-FLEX), exclusive with Robinson. This
construction has been thoroughly proven by years of use in nearly
all military and commercial aircraft,

Some other important characteristics of Robinson Mountings:
inherent high damping, non-linear spring rate, performance
unaffected by grease, oil, water, dust, extreme temperatures or
environmental changes.

USE OF ROBINSON ENGINEERED
MOUNTING SYSTEMS results in:

A. Reliable and uniform performance in every installation
under all types of environmental conditions.

B. Reduced cost through “de”’ruggedization of cquipment
— substantial reduction of size and weight is possible
by simplified and compact design.

C. Simplified installation — only four attachment holes
required—pre-spaced to save time and assure accuracy.

68

Want more information? Use post card on last page.

For full information about this new concept of
vibration and shock control, write or wire today.

VIATION'INC.

/ _ TJET BORO./_NEW,J
Woalivn Contiol C o L7208/

West Coast Engineering Office:
3006 Wilshire Boulevard, Santa Monica, California

ROBINS
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Consider the tinker:

One carly example of the 10on-specialist was the Traveling
Tinker. Unlike the blacksmith, the gunsmith or other
cngincering-minded specialists of that day, the Tinker
did everything. His work was just good enough to last
his pionccring customers until someone better equipped
came along. Sooner or later someone always did . . .
and the Tinker lost his c¢istomers. Then he drifted on.
Finally progress overtook him completely and we see
him no more.

We have seen similar ctanges in our times too. Before
specialized component manufacturers came on the scene
a few years ago, leading 2ngincers had to spread them-
sclves pretty thin . . . the designer of complex new equip-
ment had to devise from scratch on the tinicst details.
Designing a hermetic scal, say, was part and parcel of
devcloping a sensitive reley. This is no longer so.

Like many in the elect-onics industry, Hermetic Seal
Products Co. has specialized in a particular product and
related service. Our concentrated effort has resulted in
producing, for other engineers’ use, hermetic seals with
performance characteristics undreamed of a few years
ago. This specialized attention continually brings forth
new advances in our products and those of our customers.

Hermetic's specialized engineering of VAC-TITE* and
matched glass seals can >e applied to your particular
problems, too. Why not write today for particular in-
formation and for our latest addition to the “Encyclopedia
Hermetica”? . . . Sent free when requested on company
letterhead.

Hermetic Seal Products Company
33 South Sixth Street « Newark 7, New Jerszy

F OREMDOS T I N M I NI AT URIZA.T
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detail for

FASTER, EASIER
ASSEMBLY and
INSPECTION

Boost production...save on lifetime trouble-free

uvse...with a Bausch & Lomb Stereomicroscope

SHOCKPROOF... for lifetime dependability

Ready whenever you need it... in the lab, or mounted

in machines or fixtures . .. because prisms can’t jar loose

despite the punishment of year-after-year practical use.
Double support locks them into lifelong alignment . . .

clamps at the top, gibs at the bottom.

DUSTPROOF. . . for bright, detailed images

Even on production lines, you get “laboratory clean”

O ———

images. Patented Neoprene ring inside prism housing

fits flush on prism surface, seals out contaminants . . . one /

of the reasons why B&L Stereomicroscopes are dustproof

for life.

BAUSCH & LOMB WRITE for Catalog D-15 and demon-

stration. Bausch & Lomb Optical Co.,

SINCEWISH 61437 St. Paul Street, Rochester 2, N. Y.

STEREOMICROSCOPES
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Engineered Wiring—and why Rome
Synthinol® protects it from heat, corrosion,
solvents and moisture.

You can avoid failure of hook-up and control wiring,
because of inferior insulations or construction, by
using Rome Hook-Up, Machine Tool and_Control
Wires. Rome wires are made to stand up under high-
speed, automatic operation day after day.

Hook-Up Wires
Rome Synthinol is UL approved for 80°C.—has high
resistance to acids, oils, alkalies, moisture and flame.

Rome Synthinol 901 is UL approved for 105°C.—

" has all the advantages of regular synthinol plus
higher resistance to heat deformation, shrinkage and
cracking, and improved solderability.

Also, Rome makes Rome Hi-Temp, a rubber in-
sulation with great heat and moisture resistance—
UL approved for 75°C. . . . and a full line of special
and standard commercial and military hook-up wires.

Machine Tool and Control Wires

Rome insulates its machine tool and control wires
with synthinol to proof them against high ambient
temperatures and corrosive conditions. They con-
form to National Machine Tool Builders™ Association
Standards and are UL approved as Type TW with
end use approval for 80°C. operation in air; and in
oily, moist locations for 60°C. operation.

Rome Synthinol and Synthinol 901 are thermo-
plastic compounds designed for exceptional resist-
ance to high ambient temperatures, corrosion, oil
and chemical solvents. Synthinol-insulated wiring is
especially suitable for machine tool use. It is avail-
able in a variety of permanently clear colors, solid
or with spiral markings.

Send for complete data and specifications on
Rome Hook-Up Wires, Machine Tool and Control
Wires. Theyre available in special and standard

constructions. Without this eontrol panel, equipped with
dependable wiring. relays, starters and limit
switches, the machine operator would do
most of the work. Automation takes the
machine through complex cycles without cp-
erator attention.

Once the hopper is loaded, this machine auto-

matically grinds roller bearing races to preci- It COStS' LeSS to Buy the Be?t

sion tolerances. The machine also trues and
4

dresses the grinding wheel—automatically.

This machine is built for automatic machin-
ing of a specific automobile part, Machine
tnol and hook-up wires carry the power and
signals which muke its aotomation possible. S TORRAMCE « CALIFORMKZA

ELECTRONICS — January, 1955 Want more information? Use post card on last page. 71
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GERMANIUM pHoOTO

TRANSISTORS DIODES

)

Available in

hese versatile light seusitive photo cells,
characterized by their electrical stability,

long life, and low cost. arc now available for
commercial applications in production quantities.
They are grown germanium units designed to
operate in the visible and infraved

spectrum and are suitable for most photo tube
applications. These units can be used to
simplify circuits by eliminating vacuum tubes and
other equipment. They are made in the
following variations:

TRANSISTORS Greater Output Signal
10A - Switch (rormenLy x.58) — A Constant Current Device

Operates a velay upon exposure to a preset iwmount of light.

Sensitivity grealer than 4 ma. per 300 ft. candles.

Applications — Counting or Sorting Devices. Digital Recording Systems,
QOutdoor Light Control, Door Openers.

o 10B - Detector (rormenLy x.158 — A Constant Current Device

Operates an amplifier in response to minute changes in light intensity
Sensitivity 50%, change per 10 [l. candles.

Applications — I'hoto Scanning. Digital Recording Systems, Motion Pic-
ture Sound Track Detcctors, Sireet Light Control. Transparency Densitom
eter, Infrared Photogiaphy. Heating Chamber Temperature Regulator,
Television Automatic Brighiness Control

e 17A - Voltaic Cell — A Constant Voltage Device

Generates an electric voltage (up to .15 V. max.) in response to light.
The internal resistance decreases above this point thereby increasing the
power output.

Applications — Photo Voltaic Source. Streer Light Control, Door Opener,
‘Tone Generator, Five Indicator Safety Device.

DIODES — A Constant Current Device

e 5B - Switch

Operates a relay upon exposure to a preset amount ol light.

Sensitivity greater than 1 ma. per 300 ft. candles.

Applications — Counting or Sorting Devices, Digital Recording Svstems,
Street Light Control, Door Openers.

Operates an amplifier in response o minute changes in light intensity.
Sensitivily 50V, change per 40 ft. candles.

Applications — Phote Scanning, Digital Recording Svstems, Motion Picture
Sound Track Detectors, Street Light Control. Transparency Densitometer,

\ \ e 5C - Detector
\\:
\\\ o~

~——

Heatiug Chamber Temperature Regulator, Infraved Photography, Tele
vision Automaric Brightness Control.

i) RESISTORS - A Variable Current Device

\ ¢ 11A - Switch

HOW THEY
ARE MADE

The transistors are n-p-n
grown junction germ-
nium units, the diodes

are p-n grown junction
germanium units, and
the resistors are single
crystal grown germa
nium units.

Typical Circuit to Measure Current Flow in 380 Ft. Candle Flux.

Operates a relay upon exposure to a preset amount of light.

Sensitivity — Resistance changes [rom 4000 oluns to 2000 ohms when placed
in flux of 300 ft. candles.

Applications — Counting or Sorting Devices, Digital Recording Systems
Street Light Control. Door Openers.

e 11B - Detector

Operates an amplifier in response to minute changes in light intensit
Sensitivity 100%, change in resistance per 300 ft. candles.

Applications — P’hoto Scanning, Digital Recording Svstems. Motion Picture
Sound Track Detectors, Transpatency Densitometer, Heating Chamber
Temperature Regulator, Television Automatic Brightness Control, Tone
Generator, Autonnitic Automobile Headlight Dimmer.

L 104
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SENSITIVE DEVICES
RESISTORS

Production Quantities

CHARACTERISTICS

Photo-Transistor Photo-Diode Photo-Resistor
10A 10B 5B 5C 11A 11B
o — - - = —
Operating Temperature Range 0° +50°C | 0 +50°C 0° 4+50°C | 0° +50°C 0° +50°C | 0° +50°C
Operating Range 1-10V | 1-10V 1-10V | 1-10V 1-10V | 1-10V
Maximum Operating Voltage 15 Volts 15 Volts 50 Volts } 50 Volts 15 Volts 15 Volis
) B 1 [

i 500 micro 50 micro 20 micro |2 micro amp. ] 4000 ohms 4000 ohms

201y G amp. max. | amp. approx. | amp. max. approx. approx. ]f approx.

’ Resistance
50% mini- 50% mini- f§changes from o
Greater than | mum increase | Greater than | mumincrease | 4000 to 2000 ligor}osicg}tl::g

Sensitivity 4 ma. per 300 | in current 1 ma. per 300 | in current ohms when 2300 f
’ ! per t.

ft. candles per 10 ft. ft. candles per 40 ft. placed in ﬂuxJ candles

candles candles of 300 ft.
candles |
Operating Current 10 ma. { 2 ma. 5 ma. | ma. 10 ma. ! 10 ma.
Maximum Internal 100 E 100 100 100 50 50
Power Dissipation milliwatts | milliwatts milliwatts milliwatts milliwatts , milliwatts
SPECTRAL RESPONSE CURRENT VS LIGHT PLOTS

Transistor Diode Resistor

Tungsten, neon or carbon arc
light sources are ideal for thesc

RIS INCREASE VOLTAGE — INCREASE VOLTAGE — DECREASE RESISTANGE »
2 /| e R T
S = 2X LIGHT F
& 2 \ E X LIGHT Flox & u W
i /] B g T 5x LiGnT FLuw 2
o[ K g W FLGR 3 5|3 3 3
Z A EQUAL POWER 7 ol = 5
%[ /T WeuT vs g ) wl o« &
3 WAVELENGTH &| SXTigry g 'OXLIGHT FLOX 2l & =
& i | LZ) FLUX ox :t_, Wi O O
O 5 10 15 20 Z S xS 35 3
ULTRA- INFRA- l ) zZ1 4 & &
VIOLET RED
VISIBLE ~ WAVE LENGTH

MICRONS

The chavacteristics of these devices have been thoroughly tested
and proved in our laboratovies for many applications. Consult our
engineering staff for further information on these products. We will
be happy to send you all our technical bulletins as they are released,
if you will send us your name and address today.

TRANSISTOR PRODUCTS, Inc.

| S CLEVITE
L el U A o ‘ 241-257 CRESCENT STREET, WALTHAM 54, MASSACHUSETTS

CODES: UNITED TELEGRAPH-HOUSE Qy AN OPERATING UNIT oF CLEVITE CORPORATION

TRANSISTORS . DIODES SEMI-CONDUCTOR MEASURING EQUIPMENT




Radio Relay station on route between Chicago, IL,
and Des Moines, Iowa. Every fifth or sixth relay-
ing tower is a control station, where high-speed

There’s no way to stop atmospheric changes that
threaten television with “fade.” But, for TV that
travels over Bell’s Radio Relay System, Bell Lab-
oratories engineers have devised a way to side-
step Nature’s interference.

When a fade threatens — usually before the
viewer is aware—an electronic watchman sends
a warning signal back by wire to a control station
perhaps 200 miles away. An automatic switching
mechanism promptly transfers the picture to a

BELL TELEPHONE LABORATORIES &

Improving telephone service for America provides careers for creative men in scientific and technical fields.

switching equipment enables a TV picture to skip
out of a troubled channel and into a stand-by
protection channel faster than the eye can wink.

clear channel. The entire operation takes 1/500
of a second. When the fade ends, the picture is
switched back tc the original channel.

This is an impertant addition to the automatic
alarm and maintenance system that guards Bell's
Long Distance network for television and tele-
phone calls. It marks a new advance in Bell
Laboratories’ microwave art, developed to make
vour Long Distance telephone service, and your
TV pictures, better each year.

)

Want more information? Use post card on last page.

wWWwwW-americanradiohistorns-com



on R,

s T

See these and other outstmdmg Roller Smith pruducts featuri

ELECTRONICS — January, 1955 Want mose information? Use post card on last page,

uro in porformunca.- Pr

3

cnd enhanced appearance.

; Greafer Accuracy: New zxero udiustar pormhs
F iR © “split-second” udiunmenf from the fronf No
. danger of leaks. )

N Sinpl}ﬁod Maintenance: New gnlkol' seal per-
~ fected by Roller-Smith parmits easy disassem-
bly for service—NO expamin _soldering -
S equipment—NO wasted glau—-ybu use !hq.'
same glass over end over. Costs are reduced. -
3 Rollor-Smmv sadieg and wggndixoi instru-
=  ments fouture _these ﬂ\roe ouMmdlps en-
= : gineering and dasign Improvomnm in nﬁsﬁex z
from_1Y; to 4, inches to make :hdm‘the ‘most.
;'_ Dosfgne R xomply advanced on the market, Avaiicble fn H'" prac-
fully with MIL-M-6A tiial ranges of AC and DC for %cm\ab meas-
and MI11-M-10304 =  urements ‘wnder extrems enviromﬂnnﬂl con-
{Signal Corp.) ditions.

e & kE
3. . Consult our -enginearing stefl wm ovw

yurs experlence to solve your specmr res
and development problems. )

An extra feoture——mew ‘‘wrap
around’ ' shroud with = gasker .
seal. makes these meters ﬂ;‘;"p:

# &

modern in appearanie m thay £

S e C X 4 M

ing the ‘new-! uok at Booth 702 I.R. E. Qhow Kingshridge Armory, New York Clty, March 21 24 1955
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FOR INSTRUMENTATION AND CONTROL

o

B R IRE 1 |

Some time ago Revere ran an advertisement
featuring Crescent Armored Multitube for use
in pneumatic and hydraulic instrumentation
and control systems. The advertisement created
so much interest that we thought you might like
to see a photograph of an actual installation.
The Control Board Junction Box shown here
has 22 runs of Multitube coming into this box
comprising 224 Revere Copper Tubes of 1/4”
O.D. The picture was taken in the Glenwood
Landing, N.Y. Power Station of the Long Island
Lighting Company. The tubes go to instruments
that report information on temperature, main
and reheat steam pressure, boiler feed and
condensate pump pressure, fuel oil and gas
pressure, liquid levels, tide level and for the
control of fuel feed, draft dampers, boiler drum
water level and various control valves.

This is a relatively new use for Revere Copper
Tube, but it is an important one in these days
when new ways are being found to obtain
process information more quickly and ac-
curately, or to achieve automatic control.
Crescent Armored Multitube is made by
Crescent Insulated Wire & Cable Co., Inc,
Trenton 5, N.J., in lengths up to 1,000 feet.
It consists of a group of long tubes twisted
together in cable form, protected by a flexible
interlocked galvanized steelarmor, or by plastic,
or both. As many as 19 tubes, 1/4” O.D,, can
be cabled, with one tube in each layer color-
coded. Larger tubes can also be cabled,
. including 5/16”, 3/8” and 1/2”. This construc-
tion affords protection during shipment,
installation and use, and speeds up installation
greatly. For further information, write Crescent,
and for tube in copper and aluminum, see the
nearest Revere Sales Office.

COPPER AND BRASS INCRPORATED

Founded by Paul Revere in 1801
230 Park Avenue, New York 17, N. Y.
Mills: Baltimore, Md.; Chicago and Clinton, 11l.; Detrost, Mich.;

Los Angeles and Riverside, Calif.; New Bedford, Mass.; Rome,
N.Y.Sales Offices in Principal Cities, Distributors Everywhere.

Control Junction Box at Power Station ‘
of Long Island lighting Company,
showing use of Crescent Armored
Multitube. Note that relatively sharp
bends can be made without damage >
to the cabled coppes tube.

Construction of Crescent Armored
Multitube,
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The Only
All Band

The Madel LSA provides direct means of
rapid, accurate measurement of spectral dis-
play of r. f. signaks from 10 te 33,000 MCS

ELECTRONICS — January, 1955

LoVEN RELIAB/“,

Pnlgrﬂd Polarad Electronics Corporation

SPECTRUM

ANALYZER
Model LSA

The Model LSA Spectrum Analyzer is
Polarad’s answer to rising engineering
costs when high performance and
economy are essential.

This unique engineering tool helps
get results faster with fewer personnel
and in less space. Because of its ultra
simplicity, tremendous frequency
coverage and remarkable instrumenta-
tion the Model LSA can handle almost
any problem in the radio spectrum (10
mc to 33,000 mc) with the greatest of
ease, reliability and accuracy.

How The Model LSA

Cuts Production Costs

In the factory, Model LSA’s simplicity
of operation, direct reading and ‘“GO-
NO-GO” electronic display speeds
production and cuts costs. Uniform
quality and high performance of your
complete equipment is assured by
checking it with a Polarad Spectrum
Analyzer.

Expensive personnel training pro-
grams are eliminated by the Model
LSA, which often actually takes the
place of the microwave specialist and
frees engineers for other work. For
further details contact your nearest
Polarad representative or write direct
to us.

Direct Reading
Single Control

Saves Engineering Manhours

FEATURES:

Frequency Range 10 mc-
33,000 mc; 5 tuning heads
Accuracy Frequency
Calibration—1%

Spectrum Display variable
from 250 kc to 25 mc
Frequency Marker for measur-
ing frequency differences

of 0-25 mc

Broad Band R.F. Attenuators
10 mc-12,000 me

Automatic Voltage selector for
each tuning head

Single Dial Control

Direct Frequency Reading
Spectrum Displayed on 5”
cathode ray tube

USES:

Examine pulse spectrum of
magnetrons and klystrons
Measure noise and inter-
ference spectrum

Act as broad band receiver
from 10 mc to 33,000 mc
Observe and measure harmonic
frequency differences
Measure band width of
microwave cavities
Calibrate microwave oscilla-
tors and preselectors

Available on Equipment Rental Plan

43-20 34th St., Long Island City 1, New York

REPRESENTATIVES » Albuquerque « Atlanta « Boston « Chicago » Cleveland < Fort Worth ¢ Kansas City * Los Angeles » New York ¢ Phila-
delphia « San Francisco « Szattle » St. Paul » Syracuse * Washington, D. C. « Canada, Arnprior—Export: Rocke International Corporation

Want more information? Use post card on last page.
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3 MODERN PLANTS ...

Completely equipped for the mass pro-
duction of precision components.

1000 STANDARD TYPES ...

To meet your requirements quickly at
low unit cest.

CUSTOM DESIGNING. ..

Quality  workmanship on special
closures, complex sub-assemblies.

COMPETITIVE PRICES . ..

Hudson offers precision parts at com-
mercial prices. Ask for your copy of the
new Hudson Catalog.

 HUDSON TOOL and
(70 | DIE COMPANY . INC

118-122 $O. FOURTEENTH $T., NIWARK 7, H.J.

PRECISION DRAWN CLOSURES,
QUALITY METAL STAMPINGS

... EXCLUSIVELY!

78 Wan? more information? Usc post card on last page.
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ORPORATI!ION

[4
363 EAST 75¢h STREET -

CHICAGO 19

Original antenna system specially

produced for the Military

A MAJOR ANDREW

ENGINEERING

RODUCTION
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“READ FREQUENGY TO 1 PART IN 107 directly
from the stroboscope’’

SIMPLE 10 USE——direct reading to nearest cycle

per second.

AGGURA TE——] part in 107 (3.15 seconds per year).

”ELIABLE— Marconi makes it.
FREQUENGY RANGE 1 k¢ 0 30 mc.

NO GCALCULATIONS — NO INTERPOLATION
DIRECT READING to nearest cycle per sec.
This is the achievement of MARGON! in the

PREGISION FREQUENCY MEASURING EQUIPMENT —type TME 2.

Designed to be the best of its kind in the world, the TME 2
combines extreme accuracy with ease of operation

previously unknown in its field.

F is locked to sub-harmonics of the master crystal down
to the nearest 100 cps by means of 6 decade dials which
directly indicate frequency. The nearest 10 cps and

| cps arc read directly from the photo-electric strobe

unit. A further two figures (0.1 ¢cps and 0.01 cps)

can be obtained, if necessary, by counting strobe transits
against 10 sec and 100 sec timing pips which are also locked
to the master crystal. A non-technical operator can make

a measurement to 8 significant figures in about 40 seconds.

Here is a Precision Frequency Standard which handles
like Production Test Gear.

Let us mail you full details:—

MARCONI INSTRUMENTS

VACUUM TUBE VOLTMETERS - FREQUENCY STANDARDS - OUTPUT METERS - SIGNAL GENFRATORS
WAVEMETERS - WAVE ANALYSERS - Q METERS - BEAT FREQUENCY OSCILLATORS

23-25 BEAVER STREET -+ NEW YORK 4 - HANOVER 2-0/98

ENGLAND: HEAD OFFICE: MARCONI INSTRUMENTS LIMITED, ST. ALBANS, HERTFORDSHIRE
CANADA: CANADIAN MARCONI COMPANY, MARCONI BUILDING, 2442 TRENTON AVENUE, MONTREAL

Managing Agents in Export : MARCONI'S WIRELESS TELEGRAPH COMPANY LIMITED, MARCONI HOUSE, STRAND, LONDON, W.C.2.
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For high output torque in a miniature 8 ‘ :

package EAD’s tiny servo-gear motor has

been designed for applications where size ‘re,w. e
and weight are at a premium. r

The various RPM and torque combinations

are transmitted through precision cut gears

mounted in miniature precision ball bearings. mo ’
For instant response and maximum torque in

a tiny package this gear motor is well adapted

for missiles, auto pifots, instrumentation

and control devices.

Modifications are available in hysteresis -
synchronous and induction designs.

EAD specializes in adapting its designs
to meet unusual applications...Tell us your
requirement.

Write for our new catalog today!

MODEL NO.
GS3021N-1

1.130 DIA.

CHARACTERISTICS

Input Voltage 115  Stall Torque 70z in.
Phase 2  Rated Torque 3oz in.
Frequency 400 cycles  Size 11/8” dia.
No Load Speed 180 rpm 217/64” long
Full Load Speed 135rpm  Gear Reduction 284
Rotor Inertia  1.25 gm.cm?  Weight 4120z,

Duty  Continuous

ELECTRONICS — January, 1955 Want morc information? Usc post card on last page. 81
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Now in production . . . the world’s smallest and lightest
Hermetically-sealed Integrating Gyro . . . Greenleaf’s new 103!

It requires less power. Size and weight are drastically reduced . . .
in fact, a complete 3-axis control can now be made so small

you can cover it with your hat.

The new 103 has undergone extensive and rigorous testing in
our laboratories and is now in production. Also in production is
the Greenleaf 10 gyro, product of the same skill and ingenuity
that went into the making of the new 103. Please write us on
your letterhead and we will be happy to send you information

and performance data on either or both.

[EE VS ¥ N THE GREENLEAF MFG. COMPANY 29202
Chocted by LAY Aircratt Dinsion sodal b0
Date_ 8:-6-34 $1. LOUIS, MISSOURI Report

Tnginsering Ropore

10:‘ INTEGRATIRG GYRO
SPECIFICATIONS
SECTION I

GYROSCOFIC ELEMENT

1. Outfipe Dimensions
Dismeter 1 dooh
Length 2 1/32 Inches {less conmections}
2. Weight
4 1/2 ounches {maximum)
3. Angular Velocity Range
¢ 1 Padian/second
L. Fover Gonsumption
Spia Noter 0.5 vetts (msine) Where quality control

. Gimbal Deflection

works on the
t 6* (Maximom)

6. Drift Rate production line. ..

Less than 0.5 milliradian/second producing Gyros

a. Mass unbalance 0.5 milliradian/second ? . q

per G maximum | (rate and integrating),
7. Opersting Temperature Pressure Transmitters,

200" Farenbeit Accelerometers,

Synchros, Air Speed
Indicators, Actuators,
and many other
precision-built

components.

Engineering Roport

£

I'eenleat MANUFACTURING CO.

= 7814 Maplewood Industrial Court »  Saint Louis 17, Missouri
GRE-11
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TRANSFORMER
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COMPONENTS - 4750

{APE RECORDE

"302 STAINLESS CASE

VAGNENC AR RECEIVER

{

R HEAD —

%*o .““.

e
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GNETIC MICROPHONE
Wc\owonems - 4750

%

MAGNETIC BONE RECE!
COMPONENTS — &

4750 COMPONENTS

or ANY MAGNETIC MATERIALS JOB...

“MAGNETIC,
MATERIALS”

This 32-page book contains valuable
data on all Allegheny Ludlum mag-
netic materials, silicon steels and spe-
cial electrical alloys. Illustrated in full
color, includes essential information
on properties, characteristics, applica-
tions, etc. Your copy gladly sent free.

ADDRESS DEPT. E-61

You can rely on core materials like
the Allegheny 4750 components illus-
trated above, in your receivers, record-
ing heads or microphone assemblies.

In fact, whether your equipment is
small or large, the extra-broad line
of A-L magnetic macerials will solve
your magnetic core problems. It in-
cludes all grades of silicon steel sheets
or coil strip, as well as Allegheny
Silectron (grain-oriented silicon steel),
and a wide selection of high-permea-

STEELMAKERS to the Electrical Industry

Allegheny Ludlum

Want more information? Use post card on last page.

bility alloys such as 4750, Mumetal,
Permendur, etc.

Qur service on these materials also
includes complete facilities for the
fabrication and heat trearment of
laminations. (For users of electrical
sheets and strip, our lamination
know-how is a real bonus value!)
Either way, we'll welcome the
chance to serve you. Allegheny Luedlum
Steel Corporation, Oliver Building,
Pittsburgh 22, Pa.

STeeLs poR THE
Secrronic AGE

WaD 5335
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Tubeless
Magnetic Amplifier
DC _Supplies

MODEL MA640 (illustrated above)

Input 105-125 VAC, 16, G0 Input
Output 4.5 - 7.7 VDG, adjustable 5 ?4‘-' Qutput
Load Range 0.40 amperes 66 Load Range
Ripple 1% maximum é Ripple
Regulation +1.09 for any combination of Regulation

Accuracy line and load conditions Accuracy
Recovery 0.2 seconds under worst conditions Recovery

Time Time
Size 17" wide, 1214” high, 15" deep. Size

Can be furnished for relay rack
mounting. Meters, as illustrated,
optional at extra cost.

SPECIAL UNITS

Sorensen is ¢engaged in a heavy program of re- Input

search and development leading to continuous Output
expansion of its standard line of Magnetic Load R
Amplifier DC Supplies. It is accordingly in a o.u ange
favorable position to develop special magnetic Ripple
amplifier supplies for use in computer systems Regulation
or other products requiring the uimost in Accuracy
reliability. If you have special requirements Recovery
along these lines you will benefit by taking Time
advantage of Sorensen's experience in this Size

power field. Write or call the Applications
Engineering Department, and your problems
will receive prompt attention.

WRITE FOR MORE DATA

For further information about the Sorensen
line of tubeless magnetic DC supplies, and for
your copy of the latest Sorensen catalog,
write Sorensen & Co., Inc., 375 Fairfield Ave.,
Stamford, Conn. In Europe, address inquiries
to Sorensen A.G., Gartenstrasse 26, Zurich 2,
Switzerland.

L

ELECTRONICS — January, 1955
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MODEL MA2850

375 FAIRFIELD AVENUE,

Latest
additions

to the
SORENSEN

line!

Sorensen Tubeless Mag-
netic Amplifier DC Supplies
are designed for applica-
tions where utmost relia-
bility is required. The four
instruments described
below cover a wide range
of requirements; additional
instruments are under de-
velopment and will shortly
be added to the line.

MODEL MA65

105-125 VAG, 16, 60w
6 VDC, adjustable +=10%

0-5 amperes
&\

+1.0% for any combination of
line and load conditions

65>~

19% maximum

0.15 seconds under worst
conditions

For relay rack mounting —

19” wide, 514" high, 12" deep.
A cabinet is available for bench
operation. This is an unmetered
unit.

190-230, 30, 4-wire wye, GO
23 - 32 VDC, adjustable 6.:-9
0-50 amperes 8

. &
3% maximum [~

+1.0% for any combination of
line and load conditions

0.5 seconds under worst conditions

1634" wide, 2834" high, 15” deep
Unit is self contained and mounted
on casters. Meters are standard
with this unit.

SORENSEN

STAMFORD, CONN.
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This unretouched actual photomicrograph of an
average Spectrol coil section using .001 wire with
.001 spacing dramatically illustrates the high
precision winding you always receive in Spectrol
potentiometers. Spectrol manufactures only high
precision potentiometers, in both stock and
custom models, carefully tested for accuracy and

exacting specification.

The heart of your potentiometer is the winding;
make sure you are receiving only the finest by

using Spectrol precision potentiometers.

DIVISION

AFFILIATED GAS EQUIPMENT INC.

1704 South Del Mar, San Gabriel, Calif.

Photomicrograph highly magnified of
this actual section of a Spectrol coil.

New modern Spectrol plant with complete
facilities for the manufacture of precision

potentiometers. Staffed with personnel having
years of experience in the electronics field.

Write, wire or phone for complete information
on the full range of Spectrol precision
potentiometers or request our service representative

in your area to call and assist you.



1 AT NC
FILARTIEUND

(Common to Models “200” & “400”)

Standard Linearity Tolerance +.3%
Voltage Breakdown 1000 V RMS
Maximum Number of Sections 15
Life Expectancy 1,000,000 cycles

Standard Resistance Range &

Tolerance 5Q to 75KQ + 3%

Power Rating 2.5 watts
Electrical Rotation & Tolerance 353° Min.
Maximum Number of Taps 23
Weight per Section

Single — 2.36 0z, 1.12 oz. ea. additional sect.
Moment of Inertia 2.2 GM. CM?

Starting Torque
Running Torque

1.5 oz./in. Max. (single sect.)
.8 0z./in. Max. (single sect.)

Standard Resistance Range &

Tolerance 10CS2 to 100KS2 + 3%

Power Rating 5 watts
Electrical Rotation & Tolerance 357° Min.
Maximum Number of Taps 35
Weight per Section

Single — 5.6 0z., 2.00 oz. ea. additional sect.
Moment of Inertia 30.0 GM. CM2

Starting Torque
Running Torque

1.65 oz./in. Max. (single sect.)
1.20 0z./in. Max. (single sect.)

Special resistance tolerance as low as = %%
Special linearity tolerances on request

THE SPECTROL MODEL “400” is a precision
3" dia. single turn potentiometer, with the
above specifications and features.

5 %

Years of experience are represented by these clean, com-
pact instruments which were conceived to give a fine
degree of long and reliable performance under varying
conditions. Spectrol’s rugged all aluminum constructed
case and lid has a distinct advantage in its ability to dis-
sipate high heat and maintain the maximum stability of
the resistance element. The Spectrol high temperature
terminals are completely insulated from the case by an
assembly capable of withstanding 1000 volt breakdown
and 250° Centigrade heat. Spectrol’s consistent accuracy
of close linearity and resistance tolerances is guaranteed
by the new precise winding and testing equipment used
in their manufacture.

GANGED ASSEMBLIES:
Spectrol models “200” and
“400" may be ganged at the
factory with 2 to 15 sections
with any variety of resistance
and phasing desired.

SHAFT EXTENSIONS:
When specified front and rear

be added to Models 200" and
“400,” respectively. These taps
may be located to nearly any
specified location on the coil.

BEARING CONSTRUCTION:

Oilite bearings are furnished in
the standard models. Ball bear-
ings are optional when specified.

shaft extensions of any length

may be ordered. LID CONSTRUCTION:

Servo lids and threaded bushing
type lid are standard. Special
lid of your design when ordered.

MULTIPLE TAPS:
As many as 23 or 35 taps may

THE SPECTROL MODEL “200" is a precision
134" dia. single turn potentiometer, with the
above specifications and features.

N

rers of o Complete Range of Single Turn Precision Potentiometers
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Available in all standard panel instrument
sizes, equipment designers now can specify rug-
gedized meters in the exact size required for
any built-in equipment need. For complete in-
formation on WESTON Ruggedized Panel
Instruments, including types and ranges avail-
able, communicate with the Weston represent-
ative in your vicinity, or write direct to. ..
. WESTON Electrical Instrument Corporation,
614 Frelinghuysen Avenue, Newark 5, N. J.
APPROVE
WESTON INSTRUMENTS

Ll

4,
MICROAMPERZS 57
S

l‘ 1444
y 4%
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HERE'S IMPORTANT NEWS!

For AC or DC motors tkat pack dependable power into a
small space—Contact Pesco!
Whether your problem is one of space, or of weight,

you will find that Pesco “coordinated-frame” motors will
give you the one BEST answer to your specific problem.

To begin with you can rely on Pesco motors to deliver
dependable maximum rated power—from the smallest and
lightest practical unit! And Pesco can meet your installa-
tion and operating requirements exact/y by custom building

your motor from standardized parts—using any of a series
of coordinated frame sizes. This will provide lower unit
cost and greatly simplify the problem of stocking service
parts.

Pesco engineers will be glad to show you the great
advantages that Pesco “coordinated-frame” motors will
bring to your product—in installation, in operation, and
in servicing. Simply call or write the Home Office, Bed-
ford, Ohio.

Call or write the Home Office, Bedford, Ohio
Sor full information on these outstanding

PESCO products.
. L " 1t
M Do ST ks o=
%‘& %v]% b‘)-(:) 3 =t = !g
AGRICULTURAL  INDUSTRIAL AIRCRAFT AUTOMOTIVE CONSTRUCTION  EARTH MOVING

PRODUCING fHE BEST IN HYDRAULIC EQUIPMENT AND ELECTRIC MOTORs

BORG-WARNER CORPORATION

24700 NORTH MILES ROAD . BEDFORD, OHIO

ELECTRONICS — January, 1955 Want more information? Use post card on last page. 89
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DEFINITELY DEPENDABLE!

Aerocom’s Dual Automatic Radio Beacon

3090 S.W. 37th AVENUE

90

Reliability is built into every part of this

dual 1000-watt aerophare unit. Ruggedly
constructed and conservatively rated, it
provides trouble-free unattended service,
and at truly low operating and mainte-
nance cost. It operates in the frequency
range 200-415 kcs, using plug-in crystal
for desired frequency.

Uses single phase power supply, nomi-
nal 220 volts, 50 or 60 cycles. Consists of
two 1 kw transmitters with keyer (2
keyers if desired), zutomatic transfer unit
and weatherproof anterma tuner. Each
transmitter housed in separate standard
rack cabinet, with controls in rack cabinet
between the transmitters.

Want more information? Usc post card on last page.

Nomina! carrier power is 1000 watts.
High level plate modulation of final
amplifier is used, giving 30%-35% tone
modulation. P-T switch interrupts tone,
permitting voice operation. Operates in
ambient temperatures from -35°C to 50°C,
humidity up to 95%.

Standby transmitter is placed 1n opera-
tion when main transmitter suffers loss
(or low level) of carrier power or modula-
tion, or continuous (30 sec.) tone. Audible
indication in monitoring receiver tells
when standby transmitter is in operation.

Antenna may be either vertical tower
or symmetrical T type.

« MIAMI, FLORIDA

WWW-americanradiohistorv.com
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— —~ -~ — - —demands

. « « exacting quality in capacitors and resistors

:

STYLE 38 STYLE €28 STYLE 415  STYLE 412 STrLE 414 STYLE 155
ERIE High Voltage Capacitors ERIE "'Hi-Stab’ Deposited Carbon Resistors
Erie offers a wide selection of disc and molded type The Style 155 Pyrolytic resistor fulfills a long standing
ceramicons for high voltage service up to 30 KV. need for an extremely stable, moderately priced,

molded insvlated Y2 watt resistor. Available from 100
ohms to %2 megohm in tolerances as close as + 1%.

RIE.

dependable-electronic

mponents

'[

TR TR

STWLE 831  STYLE 801 STYLE 811 STYLE 321 STYLE 301 STYLE 331 STYLE 801 STYLE 811
ERIE “'K-LOK "’ High-stability Disc Ceramicons ERIE By-Pass and Compensating Ceramicons
Valves up to .0047 mfd at 500 volts are available in To meet the exacting temperature compensation and
tolerances as close as + 5%. Capacity variations by-pass requirements of color circvitry. Compensating
with temperature,age, and voltage are exceptionally units available from .75 to 1380 mmf. “Hi-K" by-pass
amall. A truly premivm capacitor. units available from 100 mmf. to .01 mfd.

z

STYLE 2405
STYLE 357 STYLE 3139-01  STYLE 538-532  STYLE 535 STYLE 325 STYLE 323 STYLE 2404 STYLE 2433
ERIE Trimmer Capacitors ERIE Stand-off and Feed-thru Ceramicons
The largest and most versatile family of plastic and Manufactured in values up to 1500 mmf. te overcome
temperature compensating ceramic trimmer capacitors radiation and critical by-passing problems.

are availaoble from Erie, tc meet difficult tuner and
cenverter reguirements,

ERIE RESISTOR CORPORATION . .. ELECTRONICS DIVISION
Main Offices and Faclories: ERIE, PA.
_7 Soles Offices: Cliffiside, N. J. ¢ Philodelphia, Po. ® Chicago, lll. ® Detroit, Mich.

IISISTOR CCRP. / Ashland, Ohio ® Fort Wayne, Ind. ® Los Angeles, Calif. ® Toronto, Ontario

Manuf. :
in Subsidi

— ~/ HOLLY SPRINGS, MISS. * LONDON, !NGI.AND ¢ TRENTON, ONTARIO




3301 to 5000 MMF
N\ ~._ 2001 to 3300 MMF

extended lemperalure

Type JL. DISCAPS have a very small capacity variation

over an extended temperature range. The maximum

capacity change between —60°C and +110°C is only

+7.5% of capacity value at 25°C. With a standard

Oge To lE RA“ CE working voltage of 1000 V.D. C., they are manufactured
anen sl S = in capacities between 220 MMF and 5000 MMF.

Offering the advantages of longer life, dependability,

Type J L and lower initial cost, their smaller size and greater

mechanical strength provide additional economies in

Mc DI sc AP s assembly line operations.
Specify Type JL DISCAPS as the cost-saving re-
®

placement for paper or general purpose mica capacitors.

(a )
AVERAGE CURVE
CAPACITY VS. TEMP.
EXTENDED TEMP. RANGE
TYPE JL DISCAPS

220 to 330 MMF

PERCENTAGE CHANGE
FROM 25°C VALUE

\

POWER FACTOR: 1% max. @ 1 K C (initial)

POWER FACTOR: 2.5% max. @ 1 K C, after humidity

WORKING VOLTAGE: 1000 V.D.C.

TEST VOLTAGE (FLASH): 2000 V.D.C.

LEADS: No. 22 tinned copper (.026 dia.)

INSULATION: Durez phenolic—vacuum woxed

INITIAL LEAKAGE RESISTANCE: Guoranteed higher than 7500
megohms

AFTER HUMIDITY LEAKAGE RESISTANCE: Guaranteed higher than
1000 megohms

CAPACITY TOLERANCE: + 10% 4 20% at 25°C

801 to 1500 MMF

331 to 800 MMF

d |
czlksfarc RADIO MATERIALS CORPORATION
CAPACITORS GENERAL OFFICE: 3325 N. California Ave., Chicago 18, Il

e

| FACTORIES AT CHICAGO, ILL. AND ATTICA, IND.
% Two RMC Plants Devoted Exclusively to Ceramic Capacitors
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Now . ..
For All G-E Picture Tubes!

OUR whole TV circuit can have tubes with the same heater

warm-up time... picture tube and receiving tubes! G.E. makes
this possible by introducing, on all picture tubes now coming
off the line, new heavy-duty heater windings with a voltage rise
which follows the same pattern as General Electric 600-Series
receiving tubes, designed for “series-string”’ use.

You save on transformer and circuitry—you save on tube failures
—because tube-heater voltage during warm-up will not become
excessive anywhere in your chassis.

Get quality TV performance with fewer in-line rejects, fewer
servicing call-backs, plus “series-string” design economy . . . by
specifying both G-E picture tubes and G-E 600-Series receiving
tubes! Types available for every socket. See your G-E tube repre-
sentative! Tube Dept., General Electric Co., Schenectady 5, N. Y,

“Series-String” Warm-Up Time

8
7
TUBE & —
HEATER . et
VOLTAGE |, p -
{Rated i
voltage .

6.3 v) . L/

0 2 4 6 8 1012 14 16 18 20
TIME IN SECONDS

® G-E picture-tube voltage rise, after switch-on, follows
approximately the time curve shown above. G-E 600-
Series receiving tubes have a similar voltage-rise paftern
—for example, heaters rated 6.3 v reach 5 v in approxi-
mately 10.5 sec. Means uniform heater voltage throughout
your circuit—fewer tube failures! . . . In test circuit below,
E=25 v and R=31.5 ohms.

R

Circuit used

£ to establish
T tube heater

warm-up time

Progress [s Ovr Most Important Product

GENERAL &B ELECTRIC

WWW-americanradiohistorv-com
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Pye (New Zealand), Ltd.,
Auckland C.1., New Zealand.

PORTABLE RADIO-TELEPHONE FOR
CIVIL ENGINEERING COMMUNICATIONS

For purposes of routine inspection
and maintenance the Pye V.H.F. Walkiephone
makes a valuable but inexpensive addition to any
V.H.F. scheme. Unimpeded by this light-
weight equipment one man becomes a constant
source of information and, when required,
a centre of control. In places both unexpected
and inaccessible the Pye * Walkiephone”
ensures the smooth control of emergency
operations. Robust, reliable, and economical
in use, the complete equipment weighs
only 1o} lbs. with batteries.

) ﬂ'ﬁ

Telecommunications

Pye Radio & Television (Pry.) Ltd.,
Johannesburg,

Pye Canada, Ltd., Pye-Electronic Pty., Ltd., ‘ Pye Ireland, Ltd.,
Ajax, Canada. Melbourne, Australia. Dublin, Eire.
Pye Limited, Pye Limited, Pye Limited,
Plaza de Necaxa 7, Tucuman 829, Sth Ave. Building,
Mexico 5. Buenos Aires. 200 5th Ave., New York,

LIMITED + +« CAMBRIDGE -+ + ENGLAND

Want more information? Use post card on last page. January, 1955 — ELECTRONICS



AT LAST ... Something really
NEW in RELAY DESIGN!
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AN AL R

TYPE 518 {6PDT)

HUSKY SUB-MINIATURE INCORPORATES MANY
EXCLUSIVE PATENTED FEATURES!

DESIGN FEATURES

1. Printed circuit contact carrier. Saves space and simplifies
wiring.

2. Sliding interrupter leaf opens contacts, assures ultimate
resistance to shock and vibration. This achieves high insula-
tion resistance and contributes toward increased arc supres-
sion and diminishing contact “bounce"’.

3. Balanced armature, center-pivoted, prevents failures due
to shock, vibration and acceleration.

4. Powerful magnetic circuit.

$. Terminal location not dependent on contact arrange-

SPECIFICATIONS

OPERATING VOLTAGES: Up to 150 VDC
COIL RESISTANCE: Up to 10,000 Ohms
SENSITIVITY: As low as 0.080 Watts
ALTITUDE: Up to 85,000 feet
SHOCK: 50 G's Operating

250 G's Mechanical
VIBRATION: 30 G's up to 2,000 c.p.s.
POLE COMBINATIONS: 2 PDT to 6 PDT
TEMPERATURE RANGE: MIL-R-5757B

ment. Can be adapted to any customer requirement. ClassA...—55Cto+85C
6. Unique contact circuits. (Shown normally closed.) ClassB...—65Cto 4 125C
7. Exceeds requirements of latest military specifications. ClassC...—65Cto 4 200C

SEND TODAY FOR COMPLETE DATA
ON THE NEW HUSKY SUBMINIATURES!

o —— — — —— (—— — Q—— i T Sttt

:f °
w 1500 CHURCH
C ORP OR AT I O N  FREDERICK, MARYLAND
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HIGH PRODUCTION
PROTOTYPES

ENGINEERING DEVELOPMENT
RESEARCH

Subminiature Filters

FOR TELEMETERING
" AND AIRBORNE EQUIPMENT

I

ATTENUATION

Jl

B 2300 3000 3900 5400 7350 105K 145K i |
}5 FREQUENCY IN CPS FREQUENCY

s oo wows o tese () St o s e Sty
EXCELLENT BAND PASS CHAR- g OFFERS OVER 45 db ABOVE 3 (f: = 1.5 f1).
ACTERISTICS —DESIGNED 10 ¢ C=A=C O  BERMETIC SEALED - STUD MOUNTED = TEF:
| deeeons e <7 B A da
R R CHENEE G A THON- ) AVAILABLE IN SUBMINIATURE VERSION.

4—3

-t CUTOFF

b ATTENUATION IN DECIBELS

FOR ADDITIONAL INFORMATION CONTACT

AcCESSORIES COMPANY

HICKMAN MILLS, MISSOURI e PHONE KANSAS CITY, SOUTH 5528

January, 1955 — ELECTRONICS




P
This patented Chase alloy BRONz
may be the perfect CHAS E

M A bigp "8 Purey, E
metal for your Special Job! e
- The (o Clecerig 28 bigy
m"‘”aim:&:::“'{ d‘:‘:’""‘:z“"m 54 gy,
5 tay g Brog, B8 b0d oy Meuat
2

For jobs requiring a metal with high ey 2 B iy
strength as well as high conductivity, ¥
Chase Phosnic Bronze is ideal,

The combination of high strength
and high conductivity found in Chase /ﬁ
Phosnic Bronze is not matched by any haee
other commercial metal! In addition,

Chase Phosnic Bronze has excellent
workability, high corrosion resistance.

For complete information on this
special Chase alloy, check the coupon
below.

———_—_-——-——-—-_1

Chase Brass & Copper Co. i

Waterbury 20, Connecticut I

Dept. E-155 '

I Gentlemen: ]

® I  Please send me your free Phosnic Bronze boollet. |

1

! Name_ _ i
BRASS & COPPER CO. i o

i Positior 1

WATERBURY 20, CONNECTICUT o SUBSIDIARY OF KENNECOTT COPPER CORPORATION I - l
Firm.

The Nation’s Ileadquarters for Brass & Copper  (tsales office only) I 1
Albanyt Chicago Denver Indi i Mi i Philadelphia St Louis Street.

Atlanta Cincinnati  Detroit Kansas City, Mc.  Newark Pittshurgh San Francisco I City__ State '

Baltimore  Cleveland  Grand Rapidst Los Angeles New Drleans  Providence  Ssattle l l

Boston Daflas Houston Milwaukee New York Rochestert  Waterbury

L--——_—————-——————_———J
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NO\/\/—the modern successor

the new
FlectraniK

Null Indicator

electrical
characteristics

INPUT IMPEDANCE
1500 ohms
CURRENT SENSITIVITY

0.6 x 10-9 amperes
per millimeter

VOLTAGE SENSITIVITY

1 microvolt
per millimeter

OPERATING VOLTAGE
115 volts, 60 cycles

H

98
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If you use galvanometers, you’ll be interested in the new ElectroniK Null

Indicator. For here, at last, is the lab man’s ideal d-c null balance detector . . .

completely free from all the limitations of galvanometers.

It's easy to use—no “‘loss of spot” from excess signal; bridge balancing oper-

ation is simplified.

It's self-protecting—will take heavy over-loads without damage.

It's vibration-proof —undisturbed by nearby traffic or machinery.

It goes anywhere—needs no leveling or special mounting; plugs into 115-volt
60-cycle line; small case fits readily into experimentalset-ups.

It’s stable—holds steady zero after warm-up.

It's fast—indicates in less than one secand; ideal for production testing.

It's sensitive—suitable for use with high precision measuring circuits.

The ElectroniK Null Indicator is priced within reach of any budget. It will

be a valuable asset to your lab. Write today for complete information.

MinnEaPoLIS-HONEYWELL REcuLATOR Co., Industrial Division, Wayne and

Windrim Avenues, Philadelphia 44, Pa.

® REFERENCE DATA: Write for Instrumentation Data Sheet No. 10.0-12.

Honeywell
Tt e Cotnls
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New Sub-Miniature Relay

| Now Double Pole Double Throw
' S T with Increased Ratings

ACTUAL
SIZE

TYPE KH-6D i

i ] Weighs 0.33 oz.—has
ELECTRICAL SPECIFICATIONS g i low capacity for RF

switching. Applicable
CONTACTS: Double pole double throw rated ct
0.5 amperes at 26.5 volts DC or 115 volts AC
resistive

to printed circuits.

COIL: Sensitivity——nominal 1.0 watts, maximum
0.3 watts . 2396 MAX h=
Resistance—up to 1500 ohms standard ] [

TEMPERATURE: Minus 60° C to plus 125° C

VIBRATION: 10 G up to 500 cycles T
] o
[+]

. N\
SHOCK: 100 G plus (operating) "m

SPEED OF OPERATION: 2 milliseconds at — b=a |
nominal voltage direct from battery supply
and 1 millisecond with series resistance

ALTITUDE: 350 volts rms at 80,000 feet

TERMINAL TYPES: Printed circuit, solder terminals
and plug-in

800 MaAX

2 o l
|

i]o ° }
N

CAPACITY: N. O. contact to case 0.6 mmf. Write for catalog sheet giving complete information

€ ALLIED CONTROL ®)

ALLIED CONTROL COMPANY, INC., 2 EAST END AVENUE, NEW YORK 21,N.Y.

AL-ten



Not a riddle, but a fact

. the above statement. We

mean simply this. The me-

chanical design of a waveguide structure
. its size, shape and weight, are

of equal importance to ils electronic
properties and performance.

Thus accurate design and production
planning to suit the finished

end product is highly important.

We at Budd Stanley exist solely to
produce the finished structure

you design . . . exactly as

you specify it. And we

are uniquely qualified to do so.

Our long experience in microwave
components and specialized tool-

ing and manufacturing facility is
devoted solely to producing

microwave components to your

design . . . simple or
complex . . . in light or heavy
metals . . . manufactured

and tested to your specification.
But check for yoursclf. A phone call,
letter, or wire will put our entire
staff at your service.

Why not call us in today?

BUDD - STANLEY CO.INC.
43-01 22nd Street « Long Island City 1, N.Y. pal @ VLt
Tel. STillwell 6-1706 Cable address: “BUDDSTAN” ... specialists in microwave application
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- NEW GERMANIUM POWER RECTIFIERS
REDUCE VOLUME AND WEIGHT 79%

s

Because of the higher efficiency of germanium, these
new G-E rectifiers achieve a full 75% saving in size and
weight—and yet actually cost less than any conventional
type dry rectifier in use today. This sharply-reduced
weight and volume is a result of greatly-increased power
per cell in G.E.’s unique low-loss rectifier.

Compare and see! For new efficiency in your 1955 de-
signs go the limit with new G-E Germanium Power
Rectifier. Tell your rectification problem to the G-E
application engineer —write today to: General Electric
Company, Germanium Products, Section X415, Elec-
tronics Park, Syracuse, New York.

SAMPLE DELIVERIES ARE SCHEDULED FOR FEB. 1955!

These rectifiers are available in standard combinations con-
sisting of one or more rectifying elements. A few typical
ratings are listed below.

CIRCUIT D-C OUTPUT AT 55° C (Resistive Load)
Half Wave 30 amps @ GOV

15amps @ 120 V
10amps @ 180V

Full Wave Center Tap 30 amps @ 60V
10 amps @ 180V
Full Wave Bridge 10amps @ 125V

Three-Phase Half Wave 30 amps @ 95V
15 amps @ 190V

Three-Phase Bridge 15amps @ 190V
Three-Phase Star 30 amps @ 95V

GERMANIUM
POWER
RELTIFIERS

Be “money-wise’’ and
“’pound-wise’’ too, with these
stand-out design features:

o Weight and volume reduced
75%
® Rectifier losses have been re-

duced to V3 or less

o No forward aging effects...no
need for age-compensating
devices

Progress s Ovr Most Important Prodct

GENERAL@ELEchc
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On this specially designed pneumatic comparator gage, the operator can check dimen_sions of
elliptical cathodes to an accuracy of .0001” major axis and .00005” minor axis on mass production runs.

SUPERIOR TUBE dimension control )
. . 75 to 1 diameter vs.
means better fitting cathodes length comparison plot

illustrates the improved
We were called upon to mass manufacture high performance seamless nickel alloy bead conformiry in new
elliptical cathodes (shown above) with major and minor axes of .048” and .025”
respectively, only 12 mm. long.

During the formation of the tiny beads shown above, the cathode underwent
microscopic dimensional distortion of no more than .00125”.

The development of this cathode required us not only to change to novel manu-
facturing methods and new processes, but to design new machinery.

Precision, accuracy and speed were also required in the functioning of a start-to-
finish dimension control system. The pneumatic air comparator has proved that
cathodes produced at Superior are now free from distortion, and 99% of the entire OLD cathodes. Note
production is well within the tolerance limits specified even on repeat orders running gégég“ion near
into the millions. ’

The resultant cathodes offer a better fit for the heater, less likelihood of heater-
cathode shorts, reduced microphonics, and improved electrical characteristics for
the vacuum tube.

Superior Tube cathodes.

We are willing to go a step or two beyond the accepted and established practices
to solve problems in electronics involving the use of cathodes and fabricated parts
for the industry which are made from small metal tubing. This extraordinary attention
to detail is given to many types of Superior specialty tubing and parts. We are equipped
to manutacture products controlled to the most modern standards ol variation. This
elliptical cathode is one such product. We invite requests for Data Memorandum #5 NEW cathodes.

. 3 . . . . . ote uniform bead
on Cathode Materials and for Bulletin #40, a guide to the selection and application heights and cathode
of small diameter tubing. Superior Tube Company, 2500 Germantown Avenue, iR
Norristown, Pa.

sS'z/&e/'/é/' jlnle

The big name in small tubing
All analyses .010” to %” 0.D. — Certain analyses in light walls up to 2%” 0.D.
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6738 .. .First again in the field of tube
miniaturization, Bomac developed a new
type TR tube designated the 6378. De-
signed specifically for airborne radar equip-
ment, the 6378 is a miniaturized version of
the 1B24A (another Bomac first), 1B60 and
the 1B24. Size was cut in half, and weight
was reduced by one fifth with no sacrifice in
performance or efficiency.

BL-25 ... The BL-25 TR tube, designed and
developed by Bomac, was the first cell-type
tube system — - engineered to withstand high
power levels and maintain recovery time
over a long period of life. The BL-25,
although originally designed for .a specific
piece of equipment, has proven its versatility -
in various applications within the industry.

Bl-87 ... Now, Bomac is first again to
introduce a new concept in complete duplexer

BL-58 . . .Bomac was the first to develop
shutter tubes and integral TR-shutter combi-
nations for continvous crystal protection. The
BL-58 was the first integral TR-shutter
combination developed by Bomac. With
integral TR-shutter operation, bulky wave-
guide shutters couvld be eliminated at
considerable savings in size and weight.
This tube has now been superceded by
improved models.

operation. For the first time in S-band, a
complete duplexer is offered to the industry.
The BL-87 is a dual TR tube, complete with
perfectly matched hybrids to assure maxgnum
efficiency and long life. Systems designers
con now be assured of reliable duplexer
operation because Bomac’s hybrids are
designed specifically for their dual TR tubes.
Bomac is first again in design and develop-
ment of microwave tubes.

BL-509 . .. Bomac’s BL-509 was the first
complete duplexer offered in one compact
unit. Combining a Bomac dual TR tube having
integral shutters with two perfectly matched
hybrid junctions in a single unit, the BL-509
provides duplexer operation and continuous
crystal protection in one package. Light
weight and compact, the BL-509 assures
superior electrical performance and me-
chanical simplicity.

IN23D...Bomac wos the first to maunu-
facture the IN23D silicon diode. System
designers, for the first time, could obtain a
diode with greatly increased sensitivity and
superior electrical characteristics in relation
to existing types.

i e
54’/

BOMAC DUAL TR DUPLEXERS
Tube Freduency (MC) Tube Frequency(\%C)
6334  £490-9578 BL71  8500-9600
(BL-27) BLI8  §490-9578
BL29  §325-9425 BL87  2700-2900
BL35 15000-17000 BL507 8490-9578
BL47  §325-9425 BL600 8490-9578
BL60  £400-5900

GAS SWITSHING YUBES - OIODES - HYDROGEN

THYRATRONS .

DUPLEXERS . MAGNETRONS

MODULATORS - CAVITIES




MAGNETIC TAPE

CONTROLS MACHINES LIKE THIS

An Ampex Magnetic Tape Recorder programmed all operations of this
16" lathe. The Ampex machine was selected by General Electric, who designed
and built the control system, to provide the "memory" which helped guide

the machine flawlessly through the accurate motions involved in machining
irregular parts. For each part to be manufactured, a skilled machinist made the
first unit. The Ampex recorder '‘remembered' his motions and could
thereafter direct the lathe in the manufacture of one part or a thousand —
now or twenty years from now.

Other exacting work programs of drilling, jig boring, tapping, or gear cutting can be

For Your Automation Needs:

AMP[EX

converted into electrical signals by existing tracer techniques . . . and
permanently recorded on magnetic tape. The control system using the memory
characteristics of this tape can give you an exact duplication of the criginal
work sequence, again and again . . . wherever and whenever you want it
Result: machine tool setup time is shortened . . . print reading and "miking" times
are reduced . . . operator errors and rejects are eliminated . . . and simultaneous
operation of two or more feeds, on two or more machines is possible.

Ampex Precision and Durability

Ampex recorders retain precision even after thousands of hours of use. And
they can be adapted to almost any automation need. let our application engi-
neers determine whether magnetic tape can provide a
more efficient control system for your operation — or
write for our 16-page bulletin on "Data Recording, Ma-
chine Control and Process Regulation.”

Ojl:gnafure of e;:/(;cﬁon n J)‘Zagneﬁc CLRecor(/ers

Contact your nearest Ampex representative or write — wire Dept. E-1896

CORPORATION

AMPEX CORPORATION + 934 CHARTER STREET, REDWOOD CITY, CALIFORNIA

Branch Offices: New York; Chicago; Atlanta; San Francisco; College Park, Maryland (Washington D.C. area).
Distributors: Radio Shack, Boston; Bing Crosby Enterprises, los Angeles; Southwestern Engineering &
Equipment, Dallas and Houston; Canadian General Electric Company, Canada.
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~ there’s no secret
' to the
KARP “KNOW-HOW”

“Know-how” at Karp is the incomparable ability of trained special-
ists and engineers to produce quality-controlled, engineered sheet
meet fabrications at the lowest possible cost.

Into each of your requirements for cabinets, enclosures, housings and
chassis go the proven Karp procedures of —

1. consultation

that irons out the
“wrinkles” to prevent high
production costs, bottle-
necks and delivery delays.

2. estimating

that analyzes each spec-
ification and suggests the
Karp facilities and avail-
able dies that keep your
costs low . ..

3. engineering

whose function it is to
transfer your plans and
samples into actual, econom-
ical, production runs...

Send us your blueprints, sam-
ples or sketches for quotations,
today. There is no obligation,
of course.

or steel * long run or short
. ® Modern plonl—.J city blocks lang @ U. S. Air Force Certified Welding Facilities

250
g

W, T

YIS

4. fabrication

that covers every possi-
ble production phase, in-
cluding assembly, fitting
and bench work, required to
produce your units . ..

9. finishing

of the most modern type
that permits each Karp en-
closure to “reflect the skills
within...”

6. shipping
that assures safe han-

dling and transportation to
your destination.

KARP METAL PRODUCTS (CO.

Division of H & B American Machine Company,

211 63rd STREET

« spat, arc, gas or heliarc welding

Inc.

. BROOKLYN 20, N. Y.

Snctoswies reflect the shills wwittin

FACILITIES FOR ENGINEERED SHEET METAL FABRICATIONS:. in aluminum

* any type finish

. ® Thousands of dies avoilable
~ ® Most modern of sheet metal
fobricating equipment

® Air-conditioned spray room...complete
boking facilities = o
® Complete sub.ossembly focilities

MOST COMPLETEL
FACILIIIES tUR

ENGINEERED SHEET METAL FABRICATION

Want more information? Use post card on last page.
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Creative..Imaginative
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TELEPHONE PAY STATION

709, Cost re-
duction . . The
manufacturers
wanted to cut
production
costs on this
pay station. They wanted more posi-
tive mechanical action built into the
unit . . to minimize service calls. So
their engineers, cooperating with In-
diana Permanent Magnet engineers,
designed a new magnet assembly
using specially designed Indiana
Permanent Magnet (A), replacing a
conventional type steel magnet. As-
sembly functioned as a part of coin
return assembly (B). Results were
(1) flux increase 27% . . from 2750
Maxwells with steel magnet to 3500
with Indiana Permanent Magnet
using Alnico ITI, (2) magnet cost
reduced 70%, (3) weight saving, (4)
simpler design, (5) fewer service
calls required.

TACHOMETER

Improved stability . . This company
wanted a permanent magnet assem-
bly that would produce sufficient
torque and give added stability to
this tachometer. By varying the anal-
ysis and heat treatment of the magnet
material, Indiana Permanent Magnet
engineers developed special Cunife
permanent ring-magnets (E) and
(F) which, as component parts of
permanent magnet assembly (G),
provided the necessary torque and
improved stability. Results were: (1)
the desired torque and improved sta-
bility; and (2) the redesigned magnet
lent itself better to the limited space
resulting from the new design.

ELECTRONIC
DATA PROCESSING MACHINE

Immediate signal

pickup . . This com-

puter manufacturer required a per-
manent magnet to build up a mag-
netic surface of the drum used in
Magnetic Reader and Recorder . . a
unit of its Electronic Data Processing
Machine. Indiana Cunife Permanent
Magnets were selected. Results:
Strong, dependable signals because
of the high coercivity and perma-
nence of Indiana Permanent Mag-
nets. Another permanent magnet
(Indiana Alnico) was used for the
housing (H) in the magnetic rape
Reader and Recorder unit of the
processing machine. Results: Imme-
diate signal pickup . . sensitivity high
because of magnet’s high efficiency.

Here are six thumbnail case histories of
permanent magnet applications. You’ll no-
tice they all have one thing in common.
Special engineering and design service by
Indiana Permanent Magnet cngineers . .
design service that reflects original thinking,
creative thinking, imaginative thinking . .
was an important part of each story!

This specialized service is available to you
without obligation. Indiana Permanent
Magnet engineers, with more than 45 years
experience in designing permanent magnets

for some 40,000 applications, will welcome
the opportunity to assist you in the develop-
ment of your permanent magnet designs.

Indiana maintains the world’s largest en-
gineering staff devoted solely to the design
and application of permanent magnets . .
and the world’s largest and most complete
permanent magnet research and preduction
facilities.

For additional details and a copy of En-
gineering Design Manual 4-A-1, write The
Indiana Steel Products Co., Valparaiso, Ind.

Windids Langeat Momufpctunen of Femwmanond Mognats



Permanent Magnet Design

loelped these orz'ginzzl equz'pment mmzufacturers
reduce costs . . z'mpmve | performmzce . sz'mplz'fy design

GENERATOR
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Permits uninterrupted service . . This
permanent magnet generator uses
28 Hyflux Alnico V, bar-shaped In-
diana Permanent Magnets. Minimum
maintenance and long service are
two “musts” in generators . . and
Indiana Permanent Magnets help in-
sure these qualities. These magnets
(1) eliminate necessity for slip rings
and commutators, which in turn
eliminate sparking and resulting
radio or TV interference. And there's
no heat from the field coils . . nor
is excitation power needed.

WATT-HOUR METER

Insures field stability . . This watt-
hour meter is typical of hundreds of
different types of instruments and
melers using permanent magnets. A
single phase, 15-amp, 240-volt unit,
it uses an Alnico I Indiana Perma-
nent Magnet weighing only 0.2 Ib.
Uniformity and stability of field, so
necessary for maintaining the initial
accuracy of this meter over a long
period of years, is provided by mag-
nets of the type shown above. Simi-
Jar magnets are widely used in mass
spectrometers, vibration pickups,
galvanometers, medical instruments,
speedometers, fluxmeters, etc.

FPree Subacniption: Write for your subscription to “Ap-

plied Magnetics”

. a bi-monthly publication carrying

helpful and practical information about permanent magnets
and their application to industrial and consumer products.
Please write on your company letterhead.

INDIANA

PERMANENT

MAGNETS

SOUND-POWERED
TELEPHONE

Compactness . . was an important
consideration in the design of this
electric self-powered telephone. It is
powered not by batteries nor other
outside power sources . . but rather
by sound waves which initiate a
series of electrically activated im-
pulses. Working with Indiana Per-
manent Magnet engineers, the manu-
facturer, by selecting Indiana Sin-
tered Alnico II, was able to usc
extremely small magnets while main-
taining high performance require-
ments. “Indiana Sintered Alnico 11,”
reported this company’s sales man-
ager, “made possible small magnets
of high coercive force, the greatest
single factor in size reduction of
transducers compared to that pos-
sible with other alloys.”

THE INDIANA STEEL PRODUCTS COMPANY, VALPARAISO, INDIANA



EVERY ELECTRONICS ENGINEER HAS DESIGNED COILS TO UTILIZE

MOLDITE CORE"STANDARDS"

Consistently dependable, Moldite core
“Standards™ are in demand wherever electronic
engineering requires the finest in precision-
manufactured cores with absolute uniformity

from first to last.

MOLDITE CORE“STANDARDS” OFFER..,

ECONOMY HIGH QUALITY
AVAILABILITY INTERCHANGEABILI
UNIFORMITY FLEXIBILITY

“The right Moldite core for the right coily
is a byword at National Moldite whose precision
production facilities have given the industry a
superlative core or coil form for every electronic
application.

Design with Moldite Core Standards in Mind.

ORES NOw
ETp L Eﬁc"ﬁ FERRITE CORES (&,
INE oF MOLDITE ECONOMY' MOLDED COIL FORMS ¢

(iron and phenotic)
MAGNETIC IRON CORES
i;(avr“' FILTER CORES
THREADED CORES
SLEEVE CORES
CUP CORES

CATALOG NmlIO

Send for our new Catalog #120

comeany | THE MOST COMPLETE LINE OF
MOLDIE IRON (ORES “ CORES 'N THE 'NDUSTRY!

MOLDED COIL FORMS - FERRIFES
e

Robert T. Murray Jorry Golten Co. Amold Andrews Perlmuth-Coleman & Assoc. Jose Luis Ponte

614 Central Avenue 2750 W. North Ave. 521 Cumberland Ave. 1335 South Flower Cardoba 1472
East Oronge; M. J. Chicago 22, 1. Syracuse, N. Y. Los Angeles, Cal. Buenos Aires C 0 M P A N Y
1410 CHESTNUT AVE., HILLSIDE 5, N. J.
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" Bost Suiled” for

HIGH TEMPERATURES

VARGLAS SILICONE

CLASS H
TUBING and SLEEVING

for applications requiring prolonged heat endurance at
temperatures uvp to 260°C.

Varglas Silicone tubing and sleeving were developed by Varflex for
applications involving continuous operating temperatures up to 260° C.
Exceptional stability is combined with the following qualities . . .

Flexibility — sharp turns and 90° bends ~ be made self-extinguishing on special
cause no cracking or peeling —no loss  order.

of dielectric strength. o
Cold-Resistant — Excellent resistance to

Dielemitully-Strong — All grades con-  chafing and abrasion, flexible fo
form to NEMA and MIL-1-3190standards.  _35°¢ *

Moisture-Resistant — including resist-
ance to salt water, mild alkalis and
acids.

*For temperatures down to —65°C, and
for applications requiring extraordinary
flexibility, we recommend our new Var-
Flame-Resistant — Standard burning  glas Silicone Rubber sleeving and tub-
test is 45 seconds to burn 1 inch. Can  ing. Inquiries invited.

Send for FREE SAMPLES

Mail coupon today for free folder
containing 25 different test samples
of Varflex insulating sleeving, tub-
ing, lead wire and tying cord.

Mdkers of
Elecmcql lpsulahng

s
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This mobile 280 mm. atomic cannon has two re-
coil motions. The primary recoil absorbs the
cannon’s ‘‘kick”. The secondary recoil (some-
thing new in artillery) absorbs the forces created
by the primary recoil. And each recoil motion is
recorded by this special Veeder-Root Counter
designed with a plunger-action shaft . . . which
keeps the score on the cannon’s use and indicates

VEEDER-ROOT
HARTFORD 2,

INCORPORATED
CONNECTICUT

Want more information? Use post card on last page,

approaching need for maintenance.

This again points up the fact that “Anything
Worth Making — or Worth Doing — Is Worth
Counting.” And Veeder-Root has the experience
and resources you can count on, to give you any
counter you need . . . for any mechanical or elec-
trical application . . . in any field from Atomics
to Automation. Write:

Chicago 6, L. New York 19, N. Y.
Montreal 2, Canada Dundee, Scotland
Offices and Agents in Principal Cities

WwWWW americanradiohistorv.com

Greenville, S. C.

“The Name that Counts”
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COSTS LESS INSTALLED |

and
OUT-PERFORMS
ANY HERMETIC SEAL TERMINAL MADE

LOCK-IN TERMINALS

® CUT COSTS ... can be supplied installed at a lower cost than
solder seal terminals.

@ FAR SUPERIOR . . . will outperform any other terminal made.,
® MEET MIL-T-27 TWIST TEST . . . will not turn, crack or leak!

® CONSERVE SPACE . . . ideal for condensers, capacitors, trams-
formers and similar applications.

@ AVAILABLE IN RIVET OR THREADED STUD TYPES. . . can be
adapted to fit individual specifications.

e

HELDOR has perfected a new bushing design with
all the quality advantages of lock-in terminals . . .
yet they are so owtstandingly practical that now,
for the first time, you can use them in many places
where you could never before afford compression
type, hermetic seal bushings. These new, rivet-
bottom terminals will cut big chunks out of your
production costs and can be used for any application
requiring quality bushings . . . with far lower
installed-costs and far better performance than com-
parable terminals.

GET THE FACTS! Mail your prints or
“specs” today for an eye-opening, money-saving &
quotation. DO IT NOW ! e
WRITE FOR DETAILS! ___ :

HELDOR MANUFACTURING COR

@,&{ﬂ HELDOR HERMETIC SEAL COMPANY, INC.
238 Lewis Street ° Paterson, N. J.

N[0T
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New Coil Winders Aid Production Flow
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The Leesona No. 107 Automatic Coil Winder
winds 4 to 30 paper-insulated coils ir stick form
simultaneously. ll)'Iandles wire sizes frem No. 19
to No. 42 (B&S). Automatic operation elimi-
nates human error, and the smooth electronic
drive reduces wire breakage to a minimum.
Standard Motor Products’ installation of fast,
accurate No. 107 machines is speeding produc-
tion of Blue Streak and Standard ignition coils
(inset).

Standard Motor
Products Inc. uses
Leesona No. 107 Automatic
Coil Winders to integrate
production output

Once again Leesona Coil Winders
prove their ability to deliver faster,
more efficient performance.

Here is what H. O. Rosenstein, V.P.,
of Standard Motor Products Inc., Long
Island City, N. Y., has to say about
their No. 107 Coil Winders:

‘“Perfect timing with our produc-
tion schedule has been achieved by
the installation of Leesona No. 107
Automatic Coil Winders for wind-
ing our ignition sccondaries. Re-
sults have lived up to every expec-
tation. The new Leesona No. 107 Ma-
chines are great performers. Their
automatic operation gives us exactly
the precision accuracy we want —
plus perfect coordination with our
general production flow.”

Reports like this are familiar stories
wherever plants have modernized with
Leesona No. 107 Coil Winders. And
they give you a good idea of how these
advanced machines can benefit your
own coil winding operations.

Get All The Facts

on the Leesona No. 107 Coil Winder.
Send the coupon for a new, illustrated
bulletin describing how every feature
is designed to produce compact, uni-
form paper-insulated coils — in fastest
time — with minimum operator atten-
tion — at lowest cost.

Read how you can step up your coil
winding production to new, profit-
Loosting efficiency — with the machine
that’s the last word in automatic coil
winder design. The coupon also lists
other helpful coil winding information.
Why not check and mail it todav?

- .
| UNIVERSAL WINDING COMPANY
|
| P. 0. BOX 1605, PROVIDENCE 1, RHODE ISLAND, Dept. 11
| Please send me
| D Bulletin on the Leesona No. 107 Automatic Coil Winder.
| D Condensed catalog of Leesona Winders.
I D Bulletin on the new Leesona Pay-As-You-Profit Plans for purchasing of leading
| modern coil winding machinery.
FOR WINDING COILS |
IN QUANTITY ... ACCURATELY } Names. . somseaymeys v cosaqgrproc. pgm - 1o £ e s B Titlenspen: 25 = ederweomag oo 8 e
..AUTOMATICALLY...USE I Company). srumsame e o b W Lo b oy oy § E ¢ 2 atass B o 1 § B=s 2 0dmn SubE & a0 s ad R
UNIVERSAL WINDING MACHINES | CilY, 5T B Mo+ + 4l S EETETE LTS 4 Wbkl a5 D 3 S0 Zone State......o.unnn XTTTYT:
|
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| NE w" Two more PLUG-IN UNITS for
Tektronix Type 531 and 535 Oscilloscopes

A new micro-sensitive preamplifier,
Type 53E...and a new wide-band
differential preamplifier, Type 53G
... greatly expand the working range
of Type 531 and Type 535 Oscillo-
scopes. Application areas entered with
these new plug-in units ordinarily require the acquisition of
cumbersome auxiliary equipment or separate specialized
oscilloscopes. But you can equip your Type 531 or Type 535
for either or both types of work for just the cost of the
plug-in unit...without loss of performance in its other appli-
cations. Your Type 531 or Type 535 becomtes potentially
more useful to you each time Tektronix announces a new
plug-in unit.

Type 53E Low-Level
Differential Preamplifier

50 microvolt/cm to 10 milli-
volt/cm calibrated sensitiv-
ity. Frequency respcnse, 0.06
cycles to 60 kc. Rejection ra-
tio, 80,000 to 1 for in-phase
signals at full gain. 7uv rms
maximum combined noise
and hum with input grids
grounded at the input con-
nector Wyt ahhia.. wel. $165

Type 53G Differential
Wide-Band DC Preamplifier

DC to 10 mg, risetime 0.035

OTHER PLUG-IN UNITS

Type 53A —DC to 10 me, 0.035 usec risetime; 0.05 v/em to 50 v/cm,

usec. 0.05 v/em to 20 v/cm calibrated ... $85
calibrated sensitivity. Sepa- Type 53B — Same as Type 53A with additional calibrated ac-sensitivity
rate step attenuators for both 1ORSEMY/CM M. & Mabdice il i | U b o § 5 0 ST o hB i T $125

inputs. Better than 100-to-1
common-mode rejection at full
gain for the entire

passband . .. ....... .. $175

Type 53C — Duai-trace unit. Two identical amplifier channels, dc to 8.5 mc,
0.05 v/cm to 50 v/cm. Electronic switching triggered by oscilloscope
sweep...or free running at about 100 ke . ................ ..... $275

Type 53D — Differential input, high gain. DC to 350 k¢ at 1 mv/em —
passband increasing to 2 mc at 50 mv/cm. Full range — 1 mv/cm to
125 v/ Em o $145

e ecnen W€

TYPE 535
(X X -

OSCILLOSCOPE CHARACTERISTICS

Advanced Cathode-Ray Tube
Entirely new metallized crt pro-
vides full 6¢cm x 10cm undistorted
viewing area...50% more verti-
cal deflection than previous high-
sensitivity tubes. 10 kv acceler-
ating potential permits single-
sweep photography at the fastest
sweep speed.

Wide Range of Triggered
Sweeps

0.02 ,usec/cm to 12 sec/cm, con-
tinuously variable. 24 calibrated
sweeps from 0.1 usec/cm to
5 sec/cm, accurate within 3%,
Accurate 5-x magnification.

Wide-band Output Amplifier
DC-coupled amplifier designed

for use with all Type 53-series
Plug-in Units.

gy e T i T M B R A RENY.

Your Tektronix Field Engineer or Representative will gladly
arrange a demonstration at your convenience...call him today.

Balanced Delay Network

0.25 usec signal delay in vertical
amplifier.

Sensitive Horizontal Amplifier
0.2 v/em to 20 v/cm sensitivity.
Versatile Triggering

Internal or external, with ampli-
tude leve!l selection or automatic
triggering.

Square-Wave Amplitude
Calibrator

0.2 mvto 100 v in 18 steps, accu-
rate within 3%.

DC-Coupled Unblanking

CRT Beam Position Indicators

Electronic Voltage Regulation

Write for A-101, free 12-page
specification booklet

- 1Ym_g3c
L
o :
£ L

= &

TYPE 535

Type 531— $995 plus price of desired plug-in units.

Type 535—Same characteristics— plus delayed sweeps.
1 usec to 0.1 sec calibrated delay in 12 ranges, incre-
mental accuracy within 0.2% of full scale. Conventional or

Tektronix, Inc.

P.O.Box 831A « Portland 7, Oregon
CYpress 2-2611 « Cable: TEKTRONIX

triggered operation .. ..... $1300 plus price of desired
plug-in units. Prices f.o.b. Portland (Beaverton), Oregon.

114 Want more information? Use post card on last page.
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RESONATOR T (PRINCIPLE

Complete audio frequency standard, ready to operate, takes as little space
as 2 cubic inches — weight as low as 4 ounces. Available in vacuum sealed pack-
ages if desired.

¥ compacess

SMW. POWER Only one energy source of 3 to 6 volts needed. A series resistor may be used
. & INPUT for a higher voltage source.
V) 0 ‘VOLT SiGNAf i Several times the direct output of conventional drives. In many applications,
OUTPUT unit eliminares the need for intermediate amplifiers

Excellent wave form does away with need for “clean up” filtering — makes
these standards an ideal tone source for distortion measurements, communica-
tions and telemetering applications.

492/ TOTAL
4 oistorTion

5 : : : New drive principle virtually eliminates magnetic stress and eddy current
i Q: 12,000 : drag on the resonator —results in an operating Q heretofore unattainable.

=
Substantial reduction of external influences and use of temperature com-

S We )
0.001 % pensated alloy resonators combine to make the most of the inherent precision of

ACCURAGY the tuning fork principle.
: ‘ Silicon or germanium transistors opcrate conservatively in these standards,
¥ LONG LIFE - . . .
. e 3 to take full advantage of a life expectancy generally recognized as being many
EXPECTANCY ¥ .
e - times that of vacuum tubes.

ADVANTAGES IN AUDIO FILTERS

Improved linearity and high efficiency make these mechanical reso-
nators.particularly suitable for filter applications. Features include:
(1) Q and stability exceeding toroid-capacitance combinations;
(2) space and weight savings below 2,000 cycles; (3) magnetic cir-
cuit distortion —54 db. at rated level; (4) ratio of equivalent elec-
trical resonance impedance to winding impedance up to 300:1;
(5) taps and multiple windings if desired; (6) no need for matching
two components for a specified frequency.

Requests for full information or assistance on special applications invited without oblzation.

McSHAN DEVELOPMENT CORPORATION

71 MURRAY STREET NEW YORK 7, N. Y.
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7 N
A ROUGH pIipE FOR THE™™_
7 N
ELECTRONIC UNIT! AN

So DOEL@AM makes sure it rides safely

’CO LOCKFOAM

N
\\ When you’'re building a guided missile, you have to

find a way to protect from terrific vibration and shock
o ; i the sensitive resistors, capacitors, vacuum tubes, and transistors
that make up the electronic circuit—the “brains”
: of the giant projectile.

Let Doelcam Corporation, Boston, Mass., tell you

why they choose Nopco Lockfoam for this important task.
Says Doelcam: “The electronic parts, firmly bound

in this light-weight plastic, withstand tests

of vibration in 3 planes from 0 to 500 cycles per second
at 10 G and shocks of 50 G. The advantages of
Lockfoam in such electronic airborne applications are its
light weight, inherent strength, and its ability to

grip the electronic components firmly enough to protect
them from vibration and shock and yet gently

enough not to crush them.”

Plus, of course, ease of assembly; the liquid
Lockfoam is simply poured into a mold which contains
the electronic circuit, and hardens around it.

Each of Lockfoam’s 50 different formulations

is highly consistent and reproducible. Perhaps the
rare combination of properties of this versatile
plastic can help with some product you have

in mind. Write today for the Nopco Lockfoam booklet.
Nopco Chemical Co., Plastics Division,
248 Stier St., Harrison, N. J.

| £ i
f e

. e N T EX e __.,ﬁ-—=,3.l_ .‘.‘
'l--, '. -"- é '.,"1‘”’7 ' - M“u@m F r}. e !‘&/_'.‘rs ..EEMd
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T

Another G-E Capaci-
tor First for the Elec
tronics Industry

A T

TR e T

i

SOLDERLESS DOUBLE-ROLLED COVER SEAM

makes a mechanically strong, hermetic seal.

DRAWN-RECTANGULAR CASE has no soldered seams, does not depend
on solder for mechanical strength and effective sealing.

new...G-E CAPACITORS IN
DRAWN-RECTANGULAR CASES

e Solderless, double-rolled cover seam

BOTTOM OF CASE IS INDENTED to permit mount-

ing in inverted position,

e Seamless case with standard dimensions

General Electric is now producing fixed paper-dielectric (Z\_[%_E_.D
capacitors in seamless, solderless cases with standard

dimensions that comply with or exceed MIL specifications.
For complete information contact your G-E Apparatus
Sales Office or write for Bulletin GEC-809A to Section
442-24, General Electric Co., Schenectady 5, N. Y.

ngress' /s Ouvr Most Important Product ) —

¥ ¥

GENERAL @D ELECTRIC  woomssomwnzs

using either spade lug, or footed brackets (above)

FOUR BUSHINGS STYLES are available for applications below STANDARD CASE SIZES are interchangeable, making it un-
2000 volts d-c, special skirted bushings for higher voltages. necessary to change drawings or circuit layouts.
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Joseph H. Snyder, President of the Color Corperation of America, tells:

‘““‘How we set a record with the Thunderbird!”

“"When news got out about the Thunderbird, Ford dealers
scheduled a big preview at Palm Springs, California,” relates
Joe Snyder of Color Corporation of America.

“But as the date drew near, it became clear to Ford that the
one Thunderbird then in existence—a hand-made model—
would have to stay there in Detroit !

‘The solution ? Giant natural color prinss—and Air Express.

“Films were rushed to the Color Corporation in Tampa,

CALL AIR EXPRESS . ..

118 Want mere information? Use post card on last page.

HAirExpress

and we made Hi-Fidelity color prints larger than ithe top of
a desk. These were back in Detroit in record time—and in
Palm Springs the day after!

“There is no other scrvice comparable to Air Express. We
would be just a local business without it.

“Yet Air Express rates are usually lowest of all. For in-
stance, 2 16-1b. shipment from Tampa to Detroit costs $5.06.
That's 68¢ less than the next lowest-priced air service.”

GETS THERE FIRST via US Scheduled Airlines

division of RAILWAY EXPRESS AGENCY

January, 1955 — ELECTRONICS
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Are the contacts you use |

GOOD ENOUGH...

or TOO GOOD ?

The answer to this question can make an impor- 2
tant difference in the performance and cost of vour
product. If vour contacts do not measure up to
their intended job, they can seriously detract from

the satisfactory operation, freedom from mainte- . .
> o > THE RIGHT MATERIALS. The extensive selection of

conlact materials developed by Mallory’s metal-
they are used. If the contacts are too good, or lurgical research includes an unequalled variety of

nance, and acceptance of the equipment in which

over-designed. they add uselessly to the cost of specialized materials.

the finished equipment.
THE RIGHT DESIGN. Mallory engineers apply to your

Designing a contact for a specific job, however, is problem the knowledge gained in thirty years of
a real engineering problem. 1t involves considera- contact experience. Standard designs are recom-
o dacesicsl Mechimicl 5l Eavicon mended wherever possible for standard require-
< ’ 4 < - . .

i . ments . . . and for special neceds, custom-fitted
mental factors. The current and voltage in the .
. j designs are developed.
interrupted circuit. .. the type of load ... the
expected service life . . . contact gap . . . contact THE RIGHT PRICE. Mallory cost-saving design assures
pressure . . . ambient temperature and atmnosphere top ecconomy consistent with service requirements,

. Further cconomies are often realized by having
. .. these and many other aspects of the problem e :
i Muallory fabricate your complete contact assem-

demand evaluation. blies for you.

From Mallory, vou can be sure of getting contacts A Mallory engineer will be glad to discuss your par-

that will perform correctly in your application . . . ticular problem. Weite or call today for a consultation,
at a price that fits vour production budget. and for a copy of the Mallory Contact Catalog.

Expect more...
Get more from

In Canada made and sold by Johnson Matthey & Mallory, Ltd., 110 Industry Street, Toronto 15, Ontario

MALLORY

P. R. MALLORY & €O., Inc., INDIANAPOLIS 6,

Serving Induystry with These Products:
Electromechanical — Resistors ® Switches ® Television Tuners  Vibrators
Electrochemical—Capacitors ® Rectifiers e Mercury Batteries
Metallurgical—Contacts ® Special Metals and Ceramics » Welding Materials

INDIANA
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electronics

W. W. MacDONALD, Editor

» CONTENTS ... If you look up
front to pages 1, 2 and 8 of this
issue of ELECTRONICS you will see
that we have doubled the space de-
voted to the indexing of editorial
contents.

In addition to listing featured
articles we also give the location
within the magazine of shorter but
no less important items appearing
in the Industry Report, Electrons
At Work, and Production Tech-
niques departments. This, we think,
will make it easier to find ideas of
specific interest despite continued
growth of the industrv which we
serve.

To further flag the contents for
busy readers these same front-of-
book pages will contain a new de-
partment called Shoptalk, in which
significant activities of the maga-
zine, its editors and its authors,
past, present and future, will be
briefly outlined.

This is the first and not the last
improvement in service planned for
1955 beginning, appropriately, in
January.

» RECOGNITION . . . The week of
February 20-26 has been desig-
nated National Engineers Week.
The purpose of this observance
is to bring to the attention of the
public the importance of the en-
gineering profession to the coun-
try’s future. The future prosperity
of the United States, and her very
safety, are largely dependent upon
continued ingenuity in the en-
gineering application of scientific
discoveries to increased produc-

ELECTRONICS — January, 1955

CROSS

TALK

tivity and to military prepared-
ness.

We are happy to join in the
effort to focus attention on these
obvious facts.

» WASHINGTON . . . In the na-
tion’s capital for the better part
of a week, we did our best to de-
termine what lies ahead business-
wise, and it looks like this:

Government orders for elec-
tronic equipment should be larger
in 1955 than in 1954. Orders placed
in 1953 and earlier were deliber-
ately stalled while the Department
of Defense took stock after Korea.
Resumption of buying after stock-
taking occurred around mid-1954.
It is likely to increase, although
not sharply, during the coming
year, and present planning would
tend to level out purchases roughly
two years later.

The nature of products ordered
may be somewhat different than in
recent years; emphasis is at the
moment shifting from stockpiled
staples for masses of men to more
specialized equipment representing
what might be considered the elec-
tronic equivalent of increased fire-
power, from long-range offensive
weapons to short-range defense
weapons. There are some notable

exceptions, but they are excep-
tions.
> MEN OF PARTS . . . Experi-

enced components engineers are
extremely scarce. Even recent
graduates are not readily inter-
ested in such specialized design

JANUARY = 1955

work, preferring the glamor of
systems, circuits, tubes and semi-
conductors.

There is a real opportunity for
men who thoroughly understand
parts (see p 2), not only with
companies that make them but also
with assemblers who can profit
by intimate knowledge of the types
and qualities of components avail-
able.

We know of several men who
have recently leaned in this direc-
tion; there should be more.

» COUNT ’EM ... Traveling wave
tubes are not yet used in sufficient
quantity to warrant mass produc-
tion, but they are so promising for
many applications that quite a few
companies are producing such
tubes for the experience.

This, a friend of ours on the
west coast tells us, accounts for
the fact that in that area at least
there are almost as many traveling
wave tube engineers as there are
traveling wave tubes.

» CONTRACTS . . . A manufac-
turer who is reputed to have an
uncanny ability to handle even the
most complex government com-
tracts and get out with a whole
skin says his system is simple:

“Get everything in the record.
Then render frequent status re-
ports.”

Contracting officers, it seems,
come and go at fairly frequent in-
tervals. And new ones have noth-
ing much to guide them except
what they see written down.
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Specular photographs of a fighter aircraft present continuous information as to source of reflection from target

Airplane Models Reveal

Simple, rapid and inexpensive method of estimating regions of high and low radar

reflection by light reflection technique indicates which surface of an aircraft must be

modified to reduce the susceptibility to detection by radar

Electronics Department

By ELWOOD B. GOLE, JB. The Glenn L. Martin Company

Baltimore, Maryland

SCURCE AND RECEIVER PARAMETERS

EFFECTIVE AREA A
REFLECTING SPHERE

>R,
= > R
& CONE & [\ I Y AN
a” OF SOLID ANGLE t £ Rg

A/2=4a/g? 7 = §= =
=

o S -

FIG. 1—Geometrical optics of a reflecting spherical target. Distance between the
reflecting sphere and light source is much greater than the sphere radius

122
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ROSS SECTION in radar parlance
C is a measure of the amount
of power reflected from the target
to the receiver. By definition, radar
cross section is the intercepting
area which an isotropically scatter-
ing target must have to produce
the same signal at the receiver as
the actual target.

The radar cross section of an air-
craft, or any target of complex
shape, in general will vary substan-
tially according to the aspect at
which it is illuminated. If illumina-
tor and receiver are physically

January, 1955 — ELECTRONICS
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FIG. 2—Plot of 10 log K,/k* versus plane surface §

FIG. 3—Plot of

10 log K,/k versus cylindrical surface I

How to Avoid Radar

separate the radar cross section will
also vary as a function of the view-
ing aspect.

Radar cross-section measure-
ments of aircraft in flight have pro-
duced results which are not alto-
gether consistent or compatible
with theory.® Furthermore, air-
borne tests are expensive and intro-
duce errors and unknown variables.

The use of specular models is a
relatively simple technique for ap-
proximating radar cross section
and recording simultaneously the
major source of reflection.

A specular scale model of an air-
plane is totally illuminated by a
beam of white light having approxi-
mately the same divergence as a
radar beam. The reflected light is
then measured as a function of
target aspect. The model is rotated,
and simultaneously a photographic
record of the illuminated model is
made for every degree of rotation

ELECTRONICS — January, 1955

with respect to receiver position.
The recorded received signal is an
approximation of the radar cross
section.

To estimate cross section magni-
tudes for large reflection lobes, cor-
rections are required for measured
values from certain geometric sur-
faces, depending on the particular
full-scale frequency. The specular
model method of approximating
radar cross section may be used to
formulate a program for reducing
the reflectivity of certain portions
of an aireraft,

Spherical Target

I'igure 1 shows the geometric
optics of a reflecting sphere at a
distance r from an illuminating and
receiving point. The spherical
radius R, is much larger than the
wavelength of illuminating energy.
The distance » is so much larger
than the radius R that the sphere

may be considered to be illuminated
by parallel rays. This geometry is
shown out of scale for clarity. The
incident energy is reflected back
toward the receiver as if from
focus F to a first approximation.
Only the reflected energy in cone
C with area a on the surface of the
sphere, will be intercepted by effec-
tive receiver area A. When P, is
the source power and G is the gain
over an isotropic source, the re-
ceived power P, is given by

P, = P}‘GR,&A/(é‘:‘/rT2 X 4:7”2)

I'or unit power density incident on
sphere

P, = Rs?A /4r

The familiar radar range equation
may be expressed as

= GIAtPro/(4n)3 P, )

where i wavelength and «
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FIG. 4—Reflection measuring setup for
analyzing the reflection characteristics
of different shapes

radar cross section of target, or
P, = PrGAc/(4nr?)?
or for unit power density

P, = Ac/4xr? 2)
Equating Eq. 1 and 2
= rRs? 3)

The derivation of the radar cross
section of a sphere by electromag-
netic considerations yields essen-
tially the same results when Rs > >
2.2%4 Under the conditions specified,
the scattering cross section of a
sphere is the same, whether
illuminated by white light or by r-f.

In geometric optics, note that
when the sphere is entirely within
the illuminating beam, the energy
will be scattered isotropically by the
sphere, to a first approximation.
Since only a portion of the isotrop-
ically scattered energy is received,
the same energy is received when a
spherical sector of the same spheri-
cal radius scatters the incident
energy, provided the receiver is
wholly included within the scatter-
ing solid angle. This requires the
same power density incident on the
scatterer in both cases, and the
same power per unit solid angle
scattered back toward the receiver.

Arbitrary Target

An airborne target will not be
geometrically simple in shape, and
the received signal will be a com-

124

posite of signals reflected from
numerous surfaces of various con-
figurations. However, under a par-
ticular set of conditions, and for a
given target aspect, the received
power regardless of the sources will
have a value P,. There is then, a
sphere of radius Ry which will pro-
duce the same signal at the receiver

P, = ARg /41
When illuminated with  r-f
energy, various regions of the

target cause constructive and de-
structive interference effects at the
receiver as the target makes slight
changes in relative position. Such
interference effects, due to relative
phase differences of the returns
from the various surfaces, will be
present when the interfering echoes
reach the receiver within a time
difference less than the pulse dur-
ation. When the pulse duration is 1
microsecond, the signals interfere
if their range difference is less than
491 feet. Such is the case for a
single aircraft target.

Within a target aspect range
where interference lobes are pre-
dominant (absence of intense sig-
nals which obliterate the interfer-
ence pattern), an average received
power, P-, exists. Since the ampli-
tudes and not the intensities add,
the received power, P, at any par-
ticular aspect may be more or less
than the average, P".. The probabil-
ity that the received power exceeds
a certain value, P, may be ex-
pressed as™°

F(p) = eexp (P./Pr,)

When a similar target is illumi-
nated with white light, the reflec-
tions from various surfaces are in-
coherent and the received power
over a range of aspect angles is
equal to the average, P’,.

In the absence of intense reflec-
tions, detection of an aircraft tar-
get will be governed primarily by
the average received power, Pr,
rather than interference maxima or
minima due to aircraft vibration,
rapid relative motion with respect
to the receiver or changes in at-
titude and aspect. For a target as
qualified above, light reflection
methods will give a good approxi-
mation of the average cross section
in the interference region, a
measure of Pr,. The reflected signal
from the rotated model is recorded;
the model is removed and a sphere

of radius, Rs is substituted and the
reflected signal from the sphere is
recorded. The sphere represents a
cross section of =R, or a full-scale
cross section of =k’Rs%, where k is
the scale factor. Thus, the average
return from the target may be
calibrated, and the average cross
section, ¢ expressed in full-scale
area. The recordings are made pro-
portional to 10 log P7, so that the
pattern may be calibrated in db.

An aircraft target will present
plane and cylindrical reflecting sur-
faces at certain aspects and large
received signals will be observed
from these surfaces at normal in-
cidence. Reflections from such sur-
faces, when illuminated with white
light, are not in the same propor-
tion to the returns from spherical
surfaces, as they are in the case of
radar illumination. Therefore, a
correction must be made to the
measured light values to restore
the correct proportionality.

Radar cross sections of several
basic shapes have been derived and
are listed in Table I along with
white light cross sections derived
from geometric optics. The correct
proportion for a plane surface with
respect to a sphere, is then

487/ MR
and for a cylinder
212R./ \Rg?

The measured proportionality by
white light reflection for a plane
surface is

12/Rg?  for
4Sr2/ARs® for

and for a cylinder
rR./R¢ for 15 (V4/2)

8 S (4/4)
S = (4/4)

or
2UrR./VA Rs for 1= (VA/2)

/ \\i 7
265 205 165 15— 6515 Wl % )
10106 0 2 )R
o
1

i

FIG. 5—A representative reflection pat-
tern of a fighter aircraft
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Measured returns by white light
reflection must be corrected by a
factor, K, the ratio of radar cross
section to light cross section. For
plane surfaces

K, =4822/ 32 for S 5 (A/4)
and

K, = ASE2/ a0 for S Z (A/4)
and for cylinders

Ko =20k/xr for 15 (VA/2)
and

Ky =INAk/N\r for 12 A/2

Plots of 10 log K./k* and 10 log
K./k are shown for a particular set
of measurement parameters in Fig.
2 and 3. Full scale wavelengths of
1, 3, 10 and 30 cm are shown.

For any single plane or cylin-
drical reflecting surface, » has a
particular value which gives the cor-
rect proportionality. It is not praec-
tical to make » variable, since
models usually have more than one
such surface. The particular values
of 7 can be inconveniently large or
small depending on wavelength.

When radar cross section is
measured with a scale model air-
craft illuminated with scaled r-f
energy, no correction is necessary
to preserve the proper proportion-
ality of the plane-surface return to
the spherical return. Therefore, the
* term in the factors K should be
the particular scaled wavelength.

A photographic recording of the
rotating model is made to determine
which portions of the reflection pat-
tern are due to plane surfaces,
cylinders and so forth. The aircraft
model is photographed for each
degree of rotation, and a reference
counter, photographed simultane-
ously, translates the picture to the
receiving location. A reflecting sur-
face with at least one flat dimen-
sion at normal incidence is indi-
cated by a sharp increase in return
intensity and shows up as a flash
on the picture. The picture will
show the portion of the aircraft re-
sponsible; measurement may be
made to determine the value of K.

Measurement Procedure

The reflection measuring appara-
tus is illustrated in Fig. 4. A light
source illuminates the model. The
light beam is mechanically chopped
at 800 cycles per second to facili-
tate amplification of the returned
signal and permit rejection of sig-

ELECTRONICS — January, 1955

Table I—Cross Sections
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St Radar Gross Light Grass __Section |
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Section
Spherical TR TR I
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.fR5>
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Ptane Surface 4TS o
Areo S N (when S A/4) Ner2
(smollest lineor 5
dimension ot 4T rcS/A SA
least several A) (when SZ A/s4) N r2
Cylindrical 2wR 12 TRer o 212
Rcdius R¢ N (when ISA) Ar
Length 1 - 2
(W:e“ Re>x/4, 2R 1r \Wa
II 152x) & (A ar
(when 1€757)
Doubly Curved TR R TR R i
Surface,Principal e e
Radii Ry, R 2
2 (when d—>>\)
R; 2R
Ra

nals from extraneous sources. The
model, supported by a nonspecular
stand, is rotated by a turntable be-
low the illuminating light beam.
Reflections from the model are de-
tected by the phototube, passed
through a preamplifier and selective
main amplifier. The amplifier
output signal is fed into the re-
corder which is synchronized with
the turntable. Recordings may be
made on linear or polar coordinates
and the pen recording function is
proportional to 10 log P,. Dynamic
recording range may be 20, 30 or
40 db or full scale.

Photographs of the rotating
model may be taken with the cam-
era which records on the counter
the angular position of the model.
The auxiliary lens permits simul-
tanecus focusing on the model and
the counter. The optical axis of the
phototube and the axes of the light
source and camera are separated
by approximately 3 degrees. When
recording photographically, the
counter reading is adjusted so that
the pictures are referred to the
detector position.

A representative reflection pat-
tern is shown in Fig. 5. In evalu-
ating measurements, good correla-
tion is obtained between the photo-
graphs and the reflection pattern.

In order that adequate reflected
signals may be present at the de-

tector, the model must be approxi-
mately four feet from the source.

Sources of Measurement Error

The angle subtended by the model
at the detector is probably large
enough to introduce some error in
the return intensities as the model
is rotated. The angle may be
smaller, without sacrifice of sensi-
tivity by moving the model away
from a more intense light source.

Measurements have been made
with the source and receiver sepa-
rated up to 45 degrees, with no
great change in pattern shape when
the separation is less than about 20
degrees. The pattern will rotate in
relation to the receiver, an amount
equal to half the angle of separa-
tion. No appreciable error is in-
troduced by the 3-degree separa-
tion, provided the pattern rotation
is compensated.
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Recording and Tabulating

Listener’s tuning information is recorded to provide film for high-speed tabulation. Sys-

tem is applicable to precise recording of slowly changing variables such as atmospheric

data and cosmic ray or radioactive radiation densities

RAPIDLY growing branch of the

marketing research field is the
production of data on radio and tele-
vision listening. The most accurate
information is obtained from re-
cording devices attached to receiv-
ers in the listeners’ homes.

A large number of these record-
ing devices have been installed and
maintained in a representative
sample of homes on a nation-wide
basis.

The recording instruments are
electro-optical in operation and re-
cord listening information on un-
perforated 16 mm microfilm in the
form of exposed or nonexposed
areas so that the information is
essentially binary in nature. This
recording medium was chosen be-
cause of advantages in size, accur-
acy, permanence of record and
speed of decoding. Figure 1 shows
a portion of a typical listening
record.

In channel 1, the minute-mark
channel, one rectangular black mark
is laid down on the continuously
moving film each minute. In chan-
nel 2, the time-mark channel, one
nine-minute black mark is laid down
each 24 hours under the control of
a separate clock for time accuracy
checking. The next 20 channels
can record radio or television listen-
ing time on any of 15 stations on
one to four receivers.

Channels 3 to 7 record listening
to receiver 1 as follows: Channel 3,
the on channel, becomes dark when
the receiver is turned on. The next
four channels are assigned binary
numerical values of 1, 2, 4 and 8,
and record the assigned number
(1 through 15) of the station. The
remaining channels operate in the
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same way with the other three re-
ceivers. For instance, Fig. 1 indi-
cates listening by receiver 1 to sta-
tion 6, by receiver 2 to station 10,
receiver 3 off and listening by re-
ceiver 4 to station 1. The receiver
on channels provide for the possi-
bility of listening to a station which
is not one of the calibrated 15, in
which case no station number
appears.

A pickup unit mounted on or
near each receiver obtains tuning
information from the receiver and
converts it to electrical form for
transmission to the recorder. TUp
to four pickups can be connected to
one recorder umit.

Pickups

There are several methods of ob-
taining voltages corresponding to
receiver tuning. One uses an ad-
justable position switch driven
mechanically by a link with the re-
ceiver tuning device. The position
switch consists of a central common
drum having 15 angularly adjust-
able contact cams placed along its
axis. Drive ratios are adjusted so
that tuning the receiver through its
entire range results in one rotation
of the drum.

The angular positions of the 15
cams are adjusted at the time of in-
stallation so that tuning to each
station on the receiver results in
the application of voltage from the
common drum to one cam at a
time. For each of the stations only
one of the wipers will be energized
which is essentially decimal coding
of the information. By means of a
resistance matrix shown in Fig. 2,
this decimal information is con-
verted to binary information.

Matrix resistance values are
chosen to give satisfactory ratios of
correct to incorrect binary output
voltages with a reasonably large
magnitude of correct voltage.

Another method for collecting
listening information from a radio
involves the use of a hunting re-
ceiver which seeks the local-oscil-
lator frequency of the radio by
means of a motor-driven tuning
capacitor. When the correct fre-
quency is found, a detector-operated
relay stops the hunting action until
the receiver is re-tuned to another
station. A position switch accepts
tuning information from the motor-
driven capacitor.

This method requires only simple
electrical connections to the receiver
rather than mechanical connections
which are more complex from the
field installation viewpoint.

Recorder

Figure 3 is a sketch of the basic
parts of the recorder. The light
source is .an argon bulb whose
rays are passed through a collima-
tor, a slit disk and a shutter
disk to an objective lens which
focuses the image of the slit
across the film. The shutter disk is
opaque except for a spiral row of
22 clear patches whose radial posi-
tions correspond to the lateral chan-
nel positions on the film. As the
shutter disk makes a complete revo-
lution, each channel will be exposed
provided the argon bulb is lighted
at the correct shutter-disk position.

The shutter disk is driven contin-
uously at 1 rpm in synchronism
with a 22-contact commutator
switch having contacts at the same
angular positions as the shutter
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the Radio-TV Audience

Pick-up unit behind receiver feeds tuning
information to unit recorder in cabinet

disk holes. The common terminal
of the switch is connected to the
grid of a thyratron having the
argon light source in its plate cir-
cuit. The 22 contacts are connected
to the proper cables from the re-
sistance matrices in the 4 pickups.

As the commutator switeh and
shutter disk rotate, each receiver is
interrogated in turn, and its listen-
ing is recorded in the proper film
channel. Film speed is 0.013 inches
per minute, and sufficient spat over-
lap is provided that the listening
record appears as continuous black
lines. The portion of the slit which
controls the minute-mark exposure
is one-half the width of the other
slits. Thus the black minute-mark
area is one-half that of the other
spots, and film motion during the
rest of each scanning cycle causes
the clear gaps between the minute
marks.

The listening time for each re-
ceiver is thus recorded on a minute-
by-minute basis which allows the
checking of short commercials as
well as longer programs.

Film is stored within the recorder
on a two-hundred foot supply reel.
It is pulled from this reel by a drive
roller past the point of exposure,
and then into a separate removable
magazine. Light seals prevent un-
wanted exposure. One reel of film
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Semiautomatic film decoding unit supplies time data to card punch. Operator inserts
station listening information from film projected on screen

will record a two-week listening
period. At the end of this period
pulling a lever on the recorder
cuts the film and winds the cut
end past the light seal into the
magazine. The home owner has
only to insert the new magazine
after which the feeding of film
continues as before. The used
magazine is mailed in to the central
tabulating office. An important ad-
vantage is that no film is lost, and
that there is no interruption of the
time base produced by the minute
marks,

Decoding and Tabulating

As film magazines come in from
the field, they are opened and the
films spliced into continuous lengths
in a dark room. They are then de-

veloped in a continuous process
machine.
The decoding and tabulating

process must be much faster than
the recording process. This is es-
sential also because the value of
the data is directly proportional to
its freshness. Since punched-card
equipment is a satisfactory high-
speed tabulating method, the major
problem is the translation of listen-
ing data from film form to the basic
punched-card input.

Part of the tabulation process
necessitates the correlation of film

WWW-americanradiohistorv-com

time with the times of appearance
of various programs. Because pro-
gram changes occur most frequently
at the quarter-hour, it is desirable
to use the four quarters of each
hour as the basic decoding intervals.
This means that one card is punched
for each station listened to in any
given quarter-hour, or for each
quarter-hour of continuous listen-
ing to any one station. No cards
are punched for quarter-hours in
which no listening occurred.

Each card punched shows cal-
endar time, the minutes listening
started and stopped, the station
tuned from and tuned to, a five-digit
code number for the station listened
to and data on the home where
listening occurred.

An accurate count must be kept
of each minute elapsed since the
beginning of the recording period,
and the instantaneous total count
must be converted to calendar time,
that is quarter-hour, hour, day and
week units. This information must
be punched into one card for each
listening  increment, and the
minutes at which the increment
began and ended must also be in-
cluded.

Much of the film contains no
useful listening information other
than the time base, and it should be
skipped over rapidly so that atten-
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FIG. 1—Section of 16-mm microfilm used
to record time and listening information
from up to four receivers
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FIG. 2—Resistor matrix converts digital
output of pick-up into binary ferm

tion can be concentrated on the

listening periods.
Film Viewer

A modified microfilm viewer hav-
ing a motor-driven film transport
mechanism is the heart of the de-
coding system. It is connected to
a standard card punch. Film moves
through the viewer at high speed,
but the drive mechanism is under
the control of associated electronic
equipment. Electrical signals ob-
tained from the film provide
minute-mark counting at all times,
and stops the film automatically
when listening information appears.
The listening is decoded quarter-
hour by quarter-hour with extra
cards being punched for station
changes  between  quarter-hour
points. Each time a card is
punched, the minute and station in-
formation is provided to the card
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punch by the operator from the
optical display, while calendar time
information is automatically fed to
the punch by the reading circuits.
The operator initiates film advance,
but stopping is always automatic.

The film speed used in the viewer
is 1.3 inches or 100 minute-marks
per second which is an increase of
6,000 to 1 in decoding over record-
ing rate. However, since each of
the four receiver channels is de-
coded separately, the ratio is actu-
ally 1,500 to 1. A counter to follow
100 counts per second must neces-
sarily be electronic in nature, and
the requirements on film stopping
distance also dictated the use of
electronic techniques. When a re-
ceiver-on exposure appears, the film
must stop just after another minute
mark is counted or within about
ten-thousandths of an inch or 7.5
milliseconds.

Figure 4 shows a block diagram
of the viewing control and count
system. The film passes from a
supply reel around a drive roller,
through the film gate to a take-up
reel. The supply and take-up reels
are impelled in opposite directions
by means of torque motors to main-
tain film tension but film travel is
always under control of the drive
roller. Light from the projection
lamp passes through the film in the
gate and an optical system to a half-
silvered mirror.

sending half the light to a viewing
screen observed by the operator,
and the other half to a group of six
apertures each masking a 931A
multiplier phototube. The magnifi-
cation is 15 times to both apertures
and viewing screen. The apertures
are arranged so that the areas of
film viewed by the phototubes are
all along a transverse reference line.
The channels read by these photo-
tubes are minute mark, time mark
and the on columns for the four re-
ceivers. The minute-mark photo-
tube feeds the counting channel and
the other five feed the stop channel.

Counting Channel

As the film moves through the
film gate, the minute-mark photo-
tube develops a pulse for each mark
passing the aperture. These are
shaped by a monostable trigger cir-
cuit and passed to the counters.

Each decade counter is of the
binary tvpe with two feedback cir-
cuits arranged to give decade oper-
ation. Five decades are used to
give a total possible registration of
99,999. These counters display
their count to the operitor by means
of a neon-lamp bank.

A modified binary counter which
counts to fifteen and then recycles
is also driven by the monostable
trigger circuit and thus converts
the count to quarter-hours. Each
time this counter recycles, an out-

This mirror splits the image put pulse is taken through a cathode
i-RPM SYNCHR
MOTORS . FILM MAGAZINE
8 \
4 LIGHT SEAL
L‘ -2 AND KNIFE
o I
RECEIVER | ON |
o1 TIME MARK(ONCE l \ .
CH DAY) PRESSURE / :

“MINUTE EA
L~ MARK (AWAYS ENERGIZED)

SHUTTER DISK
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SYNCHRONOUS
MOTOR

TFILM
TRAVEL

FIG. 3—Listening data is recorded on film by thyratron-controlled argon bulb

synchronized with rotating shutter
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follower to operate a relay. This
relay drives a four position quarter-
hour stepping-switch register which
in turn drives similar registers hav-
ing the appropriate number of steps
in each case to record hours, days
and weeks. One bank of contacts in
each of these registers is used to
feed instantaneous film time to the
punch.

Stop Circuits

In the stop channel of Fig. 4, the
“outputs of the time-mark phototube
and a receiver-on phototube are
combined in a mixer and fed to a
pulse-forming monostable trigger.
This trigger is only operated at
the appearance of listening or time-
mark information. Its output feeds
a coincidence circuit consisting of
a triode normally biased beyond cut-
off which is also fed by each minute-
mark count. The coincidence circuit
causes the next minute mark after
the appearance of listening to ap-
pear at its output, and is necessary
so that the stop pulse always occurs
at a definite point in a minute-
mark cycle. This prevents a possible
few-thousandths of an inch of stop-
ping randomness which is undesir-
able because minute information is
read by the operator from the mag-
nified film Image by means of a
calibrated grid.

The stop signal output from the
coincidence circuit then proceeds to
a relay contact which acts as a
selector to obtain either receiver-on
stopping or stopping at the quarter-
hour points. Another contact on the
relay is fed recycle pulses from the
fifteen-minute counter to provide
this choice. The selected stop pulse
from the relay is amplified and ap-
plied to one grid of a bistable
trigger circuit. The same relay
which performs the stop-selection
function also connects a pulse to the
other grid of this trigger to start
the film. This insures that the stop
selection is made before the film is
started. Thus the two stable states
of the trigger represent film moving
or film stopped.

The plates of the trigger are
separately connected to the grids of
a pair of 807 amplifiers having sole-
noids in their plate circuits to con-
trol the film drive system.

The drive roller is driven by a
continuously operating d-c¢ motor
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FIG. 4—Film reading unit provides visual inspection of film and feeds time data

to punch.card equipment

through a clutch-brake system con-
trolled by the solenoids in the 807
plate circuits. The clutch coil is
de-energized when the brake coil is
energized and vice-versa. The trig-
ger circuit provides the fast rise
time and the 807 amplifiers provide
the pulse energy necessary to
change the coil currents rapidly.
Thus the control loop is closed, and
the appearance of a receiver-on indi-
cation produces a pulse which
passes through a shaping trigger,
coincidence circuit, through ampli-
fiers to the bistable trigger and fin-
ally to the clutch-brake assembly to
stop film motion.

When the film stops, indicating
the appearance of a listening mark,
the operator proceeds through the
listening period by quarter-hour
intervals, providing the minute and
station information from the mag-
nified image, and relying on the
electronic control to stop the film
at the quarter-hour points for read-
ing and to feed the rest of the time
information to the punch.

The card punch is programmed to
reproduce the relatively constant
data for each home from card to
card and to accept time information
from the registers automatically as

the proper card columns are reached.
Cards from the keypunch ma-
chines then undergo standard oper-
ations of sorting, collating and
tabulation in conventional punched-
card equipment to produce the final
report of radio and tv listening.

Other Applications

For other applications the pre-
cision with which information is
recorded could easily be increased
from the one part in fifteen for four
variables at present to one part in
five hundred for two variables by
reapportioning the binary digits.
Time resolution could be improved
if necessary by increasing the scan-
ning speed and film speed in the
recorder. Such a system would find
application in wide-spread studies
of atmospheric data, and in
recording cosmic ray or radioactive
radiation densities.

The equipment described in this
article has been developed by the
A. C. Nielsen Company Engineering
Department under the direction of
H. A. Rahmel and R. L. Freeman.
The microfilm viewer and its optical
and clutch-brake assemblies were
supplied by Eastman Kodak Co.
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Remote control system (left) employs audio tones.
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Desired type of fuel is delivered to waiting oil truck (right)

Audio Tones Control

Equipment using audio tones sent over telephone lines

loading dock to select desired type of fuel for delivery to

features repeat-back and interlocking fail-safe operation

EMOTE CONTROL of fuel pumps
R at Magnolia Petroleum’s
Beaumont, Texas refinery permits
the truck loading terminal to be
located out of the congested tank
area without requiring an addi-
tional pump operator. The truck
rack operator merely pushes a but-
ton and the pumps at the tank site
deliver the desired type of fuel.

The system not only eliminates
the possibility of human error in
passing pumping orders over the
telephone but also provides for im-
mediate shutdown in an emergency.
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The 2 to 6-ke audio tones used
avoid the danger incurred when
using d-¢ pulses in the refinery
area, provide a number of signaling
channels on a single leased tele-
phone line and can conveniently be
extended by adding channels or
using a radio link.

Two tones are used to select a
given function.

The first or primary pulse selects
ane or more receiver stations at the
remote point and through the oper-
ation of an electronic gate signal
makes the desired receivers re-

WWW americanradiohistorv.com

enables operator at refinery

waiting oil truck. Equipment

sponsive to subsequent signals.

Up to 21 on-off functions can be
performed by a single system mak-
ing use of seven different fre-
quencies, taking two at a time.
Dual-tone operation reduces to a
minimum the possibility of false
operation resulting from noise or
interference.

The system consists basically of
a transmitter, to send automatically
a standard sequence of two pulses
at frequencies corresponding to the
called station and one or more re-
ceiving channels, and a receiving
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Pumps at oil-refinery tank farm (right, foreground) are cperated remotely through relays in explosion-proof housings (exireme right)

Refinery Operations

By S. H. VAN WAMBECK

Hamwmarlund Manufacturing Co.
New York, . Y.

station installed at each of two re-
mote points,

The seven tone generators at the
master station have frequencies
from 2,000 te 2,600 cycles, 100 cy-
cles apart. Krequency assignments
for verification signals from the two
remote stations are between 2,700
and 3,300 cycles, 100 cycles apart.

Tone Transmitter

The tone transmitter when keyed
sends the two tones to activate a

remote receiver. An external pro- Operaior on truck rack pushes button to select fuel. Lamps below buttons provide
gramming svstem selects the proper repeat-back and failure-alarm information
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FIG. 1—Tone transmitter keyed by program equipment contains primary and sec-
ondary timing circuits, mixer and output amplifiers

tones to be transmitted and keys
the tone transmitter at the desired
instant. The tone transmitter as
shown in Fig. 1 is equipped with
tone generators, pulse timers, amp-
lifiers and power supply.

The programming equipment
initially sends a positive pulse to
the transmitter primary tone timer.
This timer operates a keying relay
for 300 milliseconds and then sends
a negative pulse to the secondary
tone timer. The secondary timer
operates a different keying relay
for 150 milliseconds. These relays
are connected to the proper tone
generators by the programming
equipment. The outputs of only
these generators are sent through
the mixer amplifier to the output
amplifier. The output amplifier
feeds the telephone line.

Tone Timers

The primary tone timer circuit
is shown in Fig. 2A. This cireuit

is a one-shot multivibrator with the
relay placed in the circuit of V., to
be energized during operation.
When the multivibrator is trig-
gered the vrelay will be held
energized 300 milliseconds—the
period of the multivibrator. The
relay deenergizes as the multi-
vibrator returns to its original
condition. When this occurs, a nega-
tive pulse is sent to the secondary
tone timer to start the 150-milli-
second timing operation.

The secondary tone timer differs
from the primary timer only in that
it has a different R-C timing com-
bination.

Tone Generator

When the tone generator (Fig.
2B) i3 keyed from the program
equipment it will oscillate at a fre-
quency determined by that of tuned
circuit designated Z,. The output
from the tone generator is coupled
in parallel with that of the other

tone generator units and fed to
the common mixer amplifier.

Mixer and Output Amplitiers

The mixer and output amplifier
schematic is shown in Fig. 2C.
Mixing is accomplished in the grid
circuit of the mixer amplifier. The
transformer-coupled output of this
stage drives the output amplifier.
The output is bridged to the line
using transformer coupling and
two series resistors.

The power supply for the tone
transmitter supplies all B potential,
filament potentials and also 150 v
regulated. The 150-volt regulated
supply is used to supply the tone
generators and also supplies the
relay circuits keying the primary
tone generator. The primary power
transformer is fused and has a
fuse-alarm indicator.

Tone Receiver

Each remote control tone re-
ceiver has a maximum capacity of
three on-off control pairs per re-
ceiver. The required Iinput is a
300-millisecond tone pulse followed
by a 150-millisecond pulse. These
pulses must each be of the proper
frequency and amplitude to operate
the desired channel. Each tone re-
ceiver consists of a compressor
amplifier, primary gate, secondary
gate and power supply.

The block diagram of the tone re-
ceiver is shown in Fig. 3. The com-
pressor amplifier is operated by the
incoming signal to establish the
output of the compressor amplifier
between certain limits. This output
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is fed to the primary gate unit.
When the correct signal frequency
is received the primary gate will
operate and pass the signal to the
secondary gate. Here, the second
pulse of the signal is fed through
the proper channel and operates
the desired output relay.

Compressor Amplificr

The compressor maintaing a
primary gate input within pre-
determined limits, using a level
control designed around a 12AU7
as an electronic attenuator. This
basic attenuating circuit, shown
in Fig. 4A, is capable of handling
large inputs with relatively little
distortion. The second amplifier
employs cathode degeneraticn to ob-
tain the proper gain to stabilize
the lower compression limit.

The primary gate consists of the

input amplifier that raises the in-
put signal level to the desired
value, the filter, the gate tone
amplifier that drives the 6AL5 de-
modulator, the signal-limiter, an
R-C network for timing the gate
action and the gate driver that
operates the gate tube. The input
amplifier, filter and tone amplifier
are shown in Fig. 4B.

Primary Gate Circuits

The input amplifier is stabilized
and set for proper gain by an un-
bypassed cathode resistor. The
proper amount of degeneration is
obtained by a voltage divider that
lowers the cathode impedance and
maintains proper bias potential.

Resistor R’ and the tuned trans-
former are arranged so that the
insertion loss is constant regard-
less of the filter frequency. This

eliminates the need for gain com-
pensation. The filters discriminate
against adjacent channel tones by
30 db. These filter units are identi-
cal to those used in the primary
gates except for frequency settings.

The gate tone amplifier isolates
the filter output and drives the
6AL5 demodulator. The demodula-
tor, signal limiter and R-C timing
circuits are shown simplified in
Fig, 4C. The demodulator circuit
is a voltage doubler biased so that
an a-c signal of approximately 15
volts peak is required before volt-
age is developed across R.. Thus
noise and signal below this level
are rejected. The demodulated sig-
nal voltage is integrated in the R-C
network until the output is suffi-
cient to operate the gate. After
the termination of a gate tone, this
R-C timing network holds the gate
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amplifiers (B) and
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open fer 150 milliseconds.

Each pair of secondary gate
channels comprises one subchassis
and implements a composite on-off
function. Each receiver contains a
maximum of three secondary gate
subchassis.

Secondary Gate

The entire signal output of the
primary gate unit is fed to all
secondary gate channels in parallel.
It is then fed through the proper
channel filter and amplifier, and
demodulated by a $6AL5. The sig-
nal proceeds into the integrator,
which requires that the signal be
present for at least 60 milliseconds
before operating the relay tube
and energizing the output relay.

The power supply for each tone
receiver unit provides filament volt-
age in the compressor-amplifier and
primary gate from the power trans-
former. Filament voltages for the
secondary gates are supplied from
two separate filament transformers.

Data Storage

A system of data storage is pro-
vided to make it possible to select
simultaneously a number of func-
tions to deliver any of the number
of different types of fuel to the
loading dock. The system is made
up of a group of memory relays
terminating in on and off memory
lamps on the control panels. The
master station incorporates two
data memory storage units. One
is capable of storing seven pairs of

present to provide only five pairs.
The second unit, also capable of
being expanded to seven on-off
functions, stores three on-off fune-
tions.

After the fail-safe system has
been placed in operative condition,
pushing any of the function selec-
tor buttons at the master station
will operate the data storage relays.
These relays energize the memory
indicators which visually indicate
the functions that have occurred.

If the system is not busy trans-
mitting verifications from the re-
mote stations to the master, the
master-station programming sys-
tem allows the function program
to seek out the stored orders and
transmit the orders in coded pulses
to the remote stations.

Lock-Out Operation

When the function programming
section starts its seeking operation,
the station program keys the busy
coder and places a busy tone on the
transmission line. This prevents
the remote stations from sending
until the master station has trans-
mitted all stored orders and re-
moved the busy tone. The busy
tone is produced by the duplex
signaling unit whose block diagram
is shown in Fig. 5. The unit’s re-
ceiver and transmitter both operate
on 3,400 cps.

The tone and pulse coded orders
are received at both remote stations
and are translated into relay oper-
ations in the function decoder. If

on-off functions but is set up at the required function is not in
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FIG. 5—Duplex signaling unit provides lockout during receiver repeat-back oper-

ation as well as fail-sate protection
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operation, the control machinery is
immediately required to perform
that function. If that function is al-
ready occurring, the machinery re-
mains in that condition. In either
case, information stored in the data
storage indicates the order has been
performed. If the busy tone is
present, the verification program is
held inoperative until the busy tone
is removed from the line. After the
tone ceases, the station program
allows the verification program to
seek out the verifications. The local
busy tone is placed on the line until
all verifications are sent. The veri-
fications are sent to the trans-
mission line and then to the master
station. Here, the verifications are
decoded by the verification decoder
and presented visually by lamps.

Fail-Safe Provision

A fail-safe system insures that
all equipment performing opera-
tions at the remote stations will be
turned off if the transmission line
should fail, if power fails at either
master aor remote station or the
emergency button is operated at
either the master or one of the
remote stations. A second duplex
signaling unit of the type described,
operating at 3,500 cps. provides the
fail-safe protection.

Fail-safe indications may be ini-
tiated from any station by depress-
ing the emergency button for ap-
proximately one second. If no fail-
ure has occurred in the telephone
line or fail-safe units, the fail-safe
indications will lock-in all stations,
allowing the remote stations to
cease their off function output and
to turn operations on or off as
ordered by the master station. If
failure should occur in the tele-
phone line or failsafe equipment
after starting, the fail-safe indi-
cations will be removed, producing
off-function output in all channels
of the remote stations.

Should failures occur elsewhere
than in the telephone lines or fail-
safe units, the remote stations are
forced to produce off-function out-
puts by depressing the emergency
stop button on the master control
board or at either remote station.

When fail-safe indications are
not present, the failure alarms in
the master and both remote sta-
tions will light.
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Tunable Cavity for
X-Band Oscillators

Rectangular waveguide tuner for external cavity reflex klystrons has generous clearances

between moving parts. Cavity plunger and repeller voltage potentiometer are ganged

for single-knob tuning over operating range of 8,500 to 9,600 mc

By NED A. SPENCER

Wheeler Laboratories, Inc.
Great Neck, N. Y.

EED HAS EXISTED, for some

time, for an X-band oscilla-
tor with single-knob frequency con-
trol and accurate calibration. These
features have been realized by the
application of a newly developed
waveguide tuner for external-cav-
ity reflex klystrons. The tuner
eliminates the need for sliding con-
tacts in regions of high r-f in-
tensity and is of simple, yet rugged,
construction.

Tube

A reflex-klystron tube was de-
sired in the oscillator design be-
cause of its relatively simple re-
quirement of only one tuning cavity
and its adequate power output. The
RK-5721 shown in Fig. 1A was de-
signed for the 4 to 8-kmc range,
but it has been found to give useful
power to at least 10 kme.

The grids of the tube are oper-
ated at d-c ground potential and
the cathode structure at a negative
potential of 1,000 volts. The elec-
tron stream passes through the in-
teraction gap, after which it is
turned around by a repeller elec-
trode operated negatively with re-
spect to the cathode.

Figure 1B shows the role of the
repeller voltage for oscillation. The
conditions where oscillation may
occur are shown as lines. Actually,
the lines are bands, indicating some
latitude for adjustment.

It can be seen from Fig. 1B that
at one frequency the conditions for
oscillation are met for any of sev-
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Commercial model of oscillator using waveguide tuner has push-pull rack drive,
spring-loaded to reduce backlash

eral values of repeller voltage (ver-
tical dotted line). Also, for one
value of repeller voltage, the condi-
tions for oscillation are provided
at many frequencies (horizontal
dotted line).

The cavity provides a resonant
circuit coupled to the tube, which
permits r-f oscillation to be sus-
tained. This condition is met when
the cavity is short-circuited an odd
number of quarter waves from the
tube. A voltage loop then appears
at the interaction gap, the proper
condition for coupling. The proper
values of repeller voltage and cavity
length must be met simultaneously
for oscillation to occur.

Two more features are required
of the cavity. First, the cavity
must not introduce any incidental,
loosely coupled, low-loss resonances
into the circuit; otherwise, irregu-
larities in tuning or sharp dips in
power output may occur. Secondly,
the cavity must resonate at only
one of the many frequencies at
which the repeller will permit the
tube to oscillate. This latter re-
quirement is particularly difficult,
us the resonant frequencies of a
cavity are not too far separated.

A convenient method of observ-
ing compliance with this latter re-
quirement is to construct an operat-
ing mode chart, as in Fig, 1C. This
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FIG. 1—Outline drawing of Raytheon RK-5721 reflex klystron (A) and repeller characteristics (B, C). Repeller voltages are shown as

volts below cathode voltage

chart shows the two frequency-de-
termining variables, repeller volt-
age and cavity length. Oscillation
is represented by a family of lines.
The solid lines indicate oscillation
for a #-) cavity in the various re-
peller modes and the dashed lines
indicate oscillation as a 5/4- cavity
in the various repeller modes. Other
cavity modes could be constructed.

The interference-free region is
readily indicated by the absence of
crossing or closely adjacent lines.
For example, the #-i cavity mode
and the 4f-cyele repeller mode
(heavy line) are free from spurious
oscillations over the required fre-
quency band. A check of power
output in the selected mode is also
necessary to test its level and uni-
formity.

Cavity

In designing the cavity, two de-
signs were explored, a coaxial line
and a rectangular-waveguide cav-
ity. The coaxial-line cavity was of
usual design but the high frequency
of operation imposed several prob-
lems. The most troublesome of
these was mechanical. For a non-
contact tuning plunger, the clear-
ance gaps must be small and the
center conductor accurately aligned
within the outer conductor. When
the clearance between conductors
was made large enough to reduce
this problem, trouble was encoun-
tered with higher modes.

In the waveguide cavity the ab-
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sence of an inner conductor greatly
simplified design of the tuning
plunger and enabled specification
of larger mechanical tolerances.
Simplified cross-sectional views
of the oscillator are shown in Fig.
2. The tube is placed across the
wide faces of a section of rectangu-
lar waveguide. The first grid ring
is connected firmly to the cavity by
a collet-type clamp. The second
grid ring is connected to the cavity
by a choked r-f coupling and a set
of spring fingers for d-c paths.
Since this grid ring can be only
lightly clamped without danger of

breaking the tube, the choke is em-
ployed to enable the contact fingers
to be located at a low-current point.

The tuned choke, which incorpo-
rates a block of powdered-iron ab-
sorbing material, narrows the band
of possible oscillation so that the
oscillator may not operate in spuri-
ous modes far removed from the
desired frequency band. This is
one reason for showing only two
cavity modes in Fig. 1C.

Connection to the repeller lead
is by a banana plug at the top of
the tube.

The tuning plungers are located
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FIG. 2—Top. front and side sectional views of tunable waveguide oscillator
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effectively i wavelength in the

guide from the tube, making the
cavity effectively 13 wavelengths
long. The plungers are solid
blocks, + wavelength long.

The oscillator is coupled to the
output waveguide by a hole in the
side wall of the cavity, located %
wavelength in front of the mid-
position of the plunger. A second
hole on the other side of the tube is
incorporated to maintain sym-
metry. This port may be used for
a second output; otherwise, it is
shielded by an antiresonant box.

Resonance Elimination

For smooth, continuous operation
the cavity must be free from inci-
dental, loosely coupled undamped
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FIG. 3—Typical power output character-
istic for tunable cavity oscillator

resonances. Theory and experi-
ment disclosed four such resonances
in the oscillator.

The first resonance occurs in the
choke coupling to the second grid
ring. Here, a thin circular gap ex-
ists which is 1 wavelength in cir-
cumference in the band. This
resonance was moved below the
band by slots, which effectively in-
crease the circumference.

A second resonance occurs in the
thin gap between the tuning plung-
ers and the cavity walls. The perim-
eter of this gap is 2 wavelengths
in the band. Here, too, the reso-
nance was moved below the kand by
slots.

A third resonance could occur in
the region behind the tuning plung-
ers (the rear cavity). This space
is intentionally lossless so that a
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simple block plunger may be used.
The limited tuning range, however,
permits the choice of an antireso-
nant length of the rear cavity at
midband with assurance that no
resonance occurs in the band.

Finally there is a resonance
caused by tube loading. The load-
ing is such that, for oscillation to
occur, the plungers must physically
be 3 wavelength from the tube; al-
though they are still effectively 2
wavelength away. In the sym-
metrical-waveguide tuner, this
means that the two plungers would
be 1 wavelength apart. The cavity
can now support a new mode which
is uncoupled to the tube except by
slight asymmetries. This mode is
damped by the output coupling, but
not sufficiently to prevent its caus-
ing a hole in power output. In the
cavity chosen, this resonance is at
10 kme and has no effect in the
desired frequency band.

Model Oscillator

An oscillator embodying the
principles described is shown in
the photograph. This model has a
push-pull rack drive, which is
spring loaded to reduce backlash.
The push-pull drive reduces the
effect of bearing backlash in that
only the angle of the pinion is im-
portant—mnot its inadvertent lateral
motion. The cavity is driven by a
National PW-0O dial and gear box
to provide an expanded scale with
approximately 6-me¢ divisions. A
potentiometer voltage control
ganged to the cavity drive provides
proper repeller voltage at every fre-
quency. The voltage control and its
adjustments are located in the
Bakelite box behind the gear box.
Tuning is resettable to within about
5 mc and free from sharp varia-
tions.

Figure 3 is a plot of the coupled
power output and available power
output for a typical tube in the
band from 8.5 to 9.6 kme. Coupled
power is that power which is de-
livered to a load matched to the out-
put waveguide. If the impedance
of the matched load is adjusted by
a tuner, it is possible to obtain more
power and even to overload the
oscillator until it stops oscillating.

Maximum power obtainable by
tuning the load is called the avail-
able power. For an average tube,

the coupled power is about 20 mw,
with a variation of less than +1 db,
from 8.5 to 9.6 kme.

The oscillation frequency can be
changed slightly by varying the
repeller voltage. When this is done,
however, the power output drops.
For oscillators tuned entirely by
mechanical means, such as this one,
it is desirable for stability to keep
this electronic tuning as small as
possible.

The electronic tuning range be-
tween half-power points is about
8 me. This is obtained with a varia-
tion of about 25 volts on the repeller.
The sensitivity to voltage fluctua-
tions is, therefore, 0.3 mc per volt.
In contrast, the internally-tuned
tube usually used at these frequen-
cies, the 2K25, tunes at least 25 mc
between half-power points, or over
three times as much.

A natural extension of this oscil-
lator is the addition of a motor
drive and sweeping the entire X-
band rapidly enough for oscillo-
scopic presentation.’

This oscillator was designed for
Bell Telephone Laboratories under
a prime contract between Western
Electric Company and the Ordnance
Corps of the U. S. Department of
the Army. It has been used exten-
sively in laboratory test equipment
and in factory testing of compo-
nents. More recently it has been used
as the basis for a rapid-sweeping
oscillator now being manufactured
by Polarad Electronics Corp. from

Wheeler Laboratories design in-
formation.

The author acknowledges the
efforts of H. A. Wheeler, who

directed the overall program and
D. Dettinger, under whose super-
vision the work was performed.
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Complete four-bay 15-kw transmitter, with operator adjusting decade dial knobs of frequency generator to change carrier frequency.
Keyer unit is in same bay. Next three bays house 3-kw amplifier and its power supply, 15-kw amplifier and 20-kw rectifier

Navy Transmitter Uses

By HUGO ROMANDER and ROBERT WATSON

XPANDED USE of the low radio-
frequency spectrum is made
possible by a transmitter developed
to meet specific communication re-
quirements of the Navy. Of rela-
tively high power output, this
transmitter is intended for fixed
point-to-point communication by
telegraphy, teleprinter or facsimile
picture transmission in the fre-
quency range of 30 to 600 ke. All
methods of signaling used by mod-
ern transmitters in these categories
of communication are provided, in-
cluding on-off keying (c-w and tone-
modulated c-w), frequency-shift
keying (unmodulated and tone-
phase modulated) and frequency
modulation for picture transmis-
sion.
Basic Navy requirements include
a power output of 3 kw in the fre-
quency range of 30 to 600 kc and a
power output of 15 kw in the fre-
quency range of 30 to 300 ke. The
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Sierra Electronic Corp.
San Carlos, Calif.

transmitter is sectionalized so that
it may be operated as a 3-kw unit
with the 15-kw amplifier shut down.
Facilities are provided for resonat-
ing ungrounded tower-type anten-
nas of various heights over the fre-
quency range of 30 to 300 ke while
matching the antenna resistance to
a 600-ohm balanced transmission
line. This adjustment may be made
locally at the antenna tuning house
or remotely by controls located on
the transmitter.

Signal Generator

The signal generator unit in the
transmitter generates any fre-
quency in the range of 30 to 600 kc.
The frequency control is so de-
signed that the operator may adjust
to any desired frequency by four
decade dials with an error not
greater than 3 cycles. The desired
frequency is obtained by the syn-
thesis of selected multiples of 1,000

WWW americanradiohistorv.com

cycles accurately generated by «
fork oscillator. Continuous fre-
quency coverage between multiples
of 1,000 cycles is obtained by a var-
iable resistance-capacitance (Wien
bridge) oscillator using well stabi-
lized and accurately controlled cir-
cuit elements. The manner in which
frequency synthesis is accomplished
is shown by the block diagram of
Fig. 1.

Synthesis of multiples of a basic
frequency can be done in many
ways, but the plan adopted must not
mix frequencies whose harmonics,
directly or in combination with each
other, can produce frequencies
within the pass-band of subsequent
filters that are stronger than 60 db
below the desired product. The
plan adopted permitted, in many
instances, the use of simple band-
pass filters such as a single pair of
coupled tuned circuits. In no in-
stance was it necessary to use more
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Carmier frequency can be read directly on dials visible through windows above knobs of frequency generator. Reading showing hera
is 476.325 kc. Synthesizes combines harmonics of 1.000-cps oscillator with 2,000-3.000-cps output of Wien-bridge oscillator

Frequency Synthesizer

Broadband long-wave transmitter for point-to-point telegraph, teleprinter or facsimile com-

munication can be set to any desired frequency from 30 ke to 600 ke by setting four dials

te digits of desired value. Accuracy is within 3 cps

than two pairs of band-pass coupled
circuits. Figure 2 is a simplified
schematic diagram typical of the
bandpass filters.

Filter Design Criteria

To evaluate the attenuation re-
quirements of the filters, several
dHferent types of balanced modula-
tor were tried. It was fourd that
the so-called linear mixer gsve the
best compromise between adequate
sideband output, good carrier bal-
ance and low production of spurious
mizing products. This mixer uses
multigrid tubes with the input sig-
nals applied to different grids and
with their peak voltage swings less
than the bias voltage so that the
grids do not draw current.

Calling the lower input frequency
fi and the higher input frequency
f., f. must be greater than 5 percent
of f. to keep spurious responses
down 60 db. Also, in the expression
nf, =mf, = f,, where n and m are
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Construction of {errite-core variometer unit for 3-kw amplifier.
Changing air gap between ferrite core sections varies inductance
over range of 100 to 1 and gives Q over 50 at 30 to 600 ke

independent and may be zero or any
positive integer, if f, and f. are so
chosen that any frequency f. falls in
or near the filter passband, then the
sum of m and » must be greater
than 8. The desired product (f, +
f.) must, of course, fall in the pass-
band. While the numbers given in
these rules are unique only to the
circuitry chosen for this unit, they
illustrate the type of design criteria
that must be established for similar
equipment.

An important factor was the lim-
itation of the upper frequency of
the variable oscillator to approxi-
mately 3,000 cycles to meet the ac-
curacy requirements. The experi-
ence of manufacturers of Wien
bridge oscillators has indicated that
an accuracy of 0.1 percent under
field service conditions is the best
that should be expected.

With the exception of the contin-
uously variable portion, all signals
must be derived from a single high-
stability source. Two independent
signal sources cannot be expected to
maintain a 30-kc frequency differ-
ence, for instance, within a small
fraction of a cycle at 2 or 3 me, as
is required at the end of the syn-
thesis chain. This stability in the
fixed-frequency components is nec-
essary to allow sufficient latitude
for the accuracy of the variable
oscillator.

The side chain arrangement
shown in Fig. 1 was ultimately de-
veloped as a result of the foregoing
considerations. A system using a
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1,000-cycle fork oscillator as the
primary source was chosen because
it offered advantages in stability
and reduction of overall circuit com-
plexity in comparison with other
methods.

The fork unit used has the fork
itself sealed in vacuum, with the
drive coils and fork assembly shock-
mounted within a hermetically
sealed shield can. It has a negli-
gible frequency change from aging
and a very low temperature coefhi-
cient of frequency (approximately
0.5 part per million per degree C).
The third, fifth and seventh har-
monics of the 1-kc¢ source are all
that are required to feed all subse-
quent stages. This permits squar-
ing the signal waveform to produce
rich odd harmonies with minimum
even harmonics, thus simplifying
the filtering of the desired signals.

Harmonic Generator

A pentode tube with a high se-
ries grid resistor is driven by a 20-
volt rms sine-wave signal from the
fork oscillator, resulting in sharp
limiting of both positive and nega-
tive excursions of the signal. The
output of the pentode, a reasonably
good square wave of 150 volts peak-
to-peak amplitude, is applied to the
grid of a triode where it is further
squared by both saturation and cut-
off limiting. The plate circuit of
the triode contains three resonant
circuits tuned to the third, fifth and
seventh harmonics of the 1-ke driv-
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Method of using wide-band directional couplers in anode leads of
two 4-1000A tubes in the 3-kw amplifier to obtain usable indicating
voltages for adjusting pi networks in this broadband amplifier

ing signal. The three tuned cir-
cuits are driven in parallel from the
plate through individual isolating
resistors which were chosen to
equalize the output voltages at the
three harmonics. Following the
harmonic generator are conven-
tional triode and pentode harmonic
multipliers which deliver 10 ke, 21
ke, 24 ke, 25 ke, 27 ke and 28 ke.

The 10-kc signal is fed to a har-
monic generator and frequency
multiplier system identical to that
just described except that all oper-
ating frequencies are multiplied by
ten. The output frequencies of this
section are, therefore, a group ten
times the first group.

The 100-ke signal from the second
group is used in two ways. First,
it drives a harmonic generator and
multiplier group similar to those
above to derive 300 ke, 2,500 kc,
2,700 ke, 2,800 ke and 3,000 kc.
Second, it is quadrupled in a
separate multiplier whose 400-kc
output is subsequently mixed with
2,500 ke to produce 2,900 ke and
also with 3,000 ke to give 2,600 ke.

With the exception of the outputs
of the 2,600-ke and 2,900-ke mixers,
all of the frequency-selective cir-
cuits in the groups desecribed above
are capacitively coupled double-
tuned circuits with operating Q’s
well in excess of 100 and with less
than eritical coupling. The excep-
tions noted have triple-tuned ecir-
cuits with similar Q and coupling
coefficient values. The output sig-
nal for each of the frequencies pro-
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duced by these multiplier groups is
taken from a tap on the output coil
at an impedance level of approxi-
mately 50 ohms to minimize capaci-
tive cross-coupling in the associated
switching circuits.

Main Synthesis Chain

The Wien bridge oscillator is con-
tinuously tunable with a dial
marked CYCLES (0 to 1,000, corre-
sponding to actual oscillator fre-
quencies of 2,000 to 3,000 cps).
This tunable oscillator output is

ended mixer which is fed with the
3,000 to 3,100-kc signal at one input
grid and a signal selectable in six
100-ke steps from 3,000 to 2,500 ke
at the other grid. The inverse fre-
quency order of this group provides,
by difference mixing, frequencies
corresponding to the HUNDREDS OF
KILOCYCLES dial markings from O to
5. The passband of the fourth filter
covers the 30-ke to 600-ke frequency
range of the synthesizer.

At the output of the fourth filter
the desired signal is present to-
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FIG. 2—Typical band-pass filter circuit, with component values for the five bands

mixed with a fixed frequency of 28
ke in the first balanced modulator
and the sum frequency, tunable
from 30 to 31 ke, is selected in the
following filter.

In the second balanced modulator
the 30 to 31-kc tunable signal is
mixed with any one of ten frequen-
cies from 270 to 279 ke, selectable
in 1-ke steps by the switch marked
KILOCYCLES. The sum frequency in
the range from 300 to 310 ke is
passed by the following filter. In
this manner the variable oscillator
tuning combined with the 1-ke fixed
steps provide continuous coverage
of a 10-ke interval.

Similarly, the third balanced
modulator receives the 300 to 310-
ke signal and adds one of ten fre-
quencies from 2,700 to 2,790 kc,
selectable in 10-ke steps, to give at
the output of its filter continuous
coverage of a 100-kc band from
3,000 to 3,100 kc. The switch dial
selecting the fixed frequency signal
to this balanced modulator is
marked TENS OF KILOCYCLES.

The fourth modulator is a single-
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cether with its harmonics, but these
harmonics are removed later in the
unit.

As a specific example of the wayv
that a signal is put together in the
synthesizer, assume that an output
frequeney of 476.325 ke is desired.
The cYCLES dial would then be set
at 325, which means the Wien
bridge oscillator would be operating
at 2,325 cps. Mixing this frequ-
ency with 28 ke gives 30.325 ke at
the output of the first filter. The
KILOCYCLES dial would be set for
the 6 digit, supplying 276 kc to the
second balanced modulator, which
would in turn produce 306.325 ke as
the mixed product. The TENS OF
KILOCYCLES dial would be set at 7
to deliver 2,770 ke to the third bal-
anced modulator, from which a fre-
quency of 3076.325 ke would appear
at the output of the third filter.
Setting the HUNDREDS OF KILO-
CYCLES dial at 4 will select a 2,600-
ke mixer injection frequency, com-
pleting the settings necessary for
176.325 ke.

Iracilities are provided for ten

gquartz erystal units which, with the
associated circuitry, may be se-
lected in lieu of the synthesizer (or
external frequency source) as a
crystal-controlled frequency gen-
erator. Fixed frequencies may thus
be selected quickly or the quartz
oscillators may serve as auxiliary
sources of stabilized frequency in
the event the synthesizer requires
servicing.

Frequency-Shift Keyer

The method used to obtain fre-
quency-shift keying or frequency
modulation is shown by the block
diagram in Fig. 3. Here the prob-
lem is to convert the incoming fre-
quency from the synthesizer (or
external source) to a frequency
which may be shifted about a center
frequency which is identical to the
incoming frequency. This is ac-
complished by mixing the incoming
frequency with 3,100 ke from a
doubler following a 1,550-kc crys-
tal-controlled oscillator whose fre-
quency may be shifted plus and
minus 250 cycles by a reactance

tube. The sum frequency is se-
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FIG. 3—Method of accomplishing fre-
quency shift. Incoming signal is mixed
with crystal-controlled frequency that is
shifted by reactance-tube modulator
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lected by a high-pass filter having
a relatively steep attenuation char-
acteristic at the cutoff frequency
so that frequencies below 3,070 ke
are attenuated at least 60 db and
frequencies above 3,130 ke have
minimum attenuation. This fre-
quency is mixed with the frequency-
doubled output of a second 1,550-ke
crystal-controlled oscillator to re-
cover the original incoming fre-
quency with the frequency shift
added.

Following the frequency-shift
circuits, or directly from the signal
generator, is a broadband amplifier
where the signal may be keyed or
tone-modulated if desired. The first
two stages are untuned pentode
amplifiers, with provision for tone
modulation on the suppressor grid
of the first stage and provision for
application of a keying signal to
the suppressor grid of the second
stage by means of a vacuum-tube
kever.

The keyed amplifier drives a
resistance-coupled split-load phase
inverter and push-pull amplifier
combination resembling an ordi-
nary a-f amplifier circuit. This
type of circuitry was made pos-
sible largely by the use of an out-
put transformer having a ferrite
core. It provides transformation
from the 10,000-ohm plate-to-plate
impedance for class AB pentodes to
a 50-ohm load and has a frequency
response flat within +0.25 dh over
the operating range.

One of a group of six filters may
he selected at the 50-ohm terminals
of the output transformer to atten-
uate harmonics of the desired out-
put frequency. KEach filter consists
of a low-pass constant-k section
with m-derived terminatine half-
section. The filter cutoff fre-
quencies are so arranged that the
operating frequency is never less
than 60 percent of the cutoff fre-
quency of the correct filter, result-
ing in a 2.5-w output signal that is
substantiallv free of harmonics.

All circuit elements comvrising
the synthesizer. the quartz oscilla-
tors and the keyer are maintained
at a constant elevated temperature
to assure maximum stability.

3-Kw Power Amplifier

The 3-kw power amplifier is re-
quired to deliver full power output
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FIG. 4—Grid-driven inverse-parallel am-
plifier circuit in simplified form

in the range of 30 to 600 kc and
does not require more than 2.5 w
excitation power. This high power
gain is attained with complete sta-
bility and with broadband fre-
quency response. Additionally, the
amplifier is simple to adjust. Its
output power is relatively linear in
respect to the excitation power in
order to preserve the amplitude
variations from the signal genera-
tor and avoid generation of excess-
ive r-f harmonics.

For this amplifier two Eimac
4-1000A tetrodes operate as a class
AB-1 push-pull amplifier with 1,000
volts on their screens and 5,000
volts anode voltage, using the
inverse-parallel cathode-separation
circuit shown in Fig. 4. Here the
cathode is the common element be-
tween the excitation circuit and the
output circuit. Where an element
is grounded, the cathode-separation
circuit would be recognized as the
conventional grid-driven amplifier.
Transformer coupling from the sig-
nal generator to the grid-cathode
circuits and from the anode-cathode
circuits to the output circuit is em-
ployed. Both transformers use fer-
rite cores.

This circuit offers several ad-
vantages over the more conven-
tional grounded-cathode push-pull
amplifier where transformer cou-
pling is used in broadband circuitry.
Primarily, the output impedance is
only one fourth that of the
grounded-cathode circuit, thus per-
mitting operation at higher fre-
quencies with a given amount of
distributed capacitance. The effect
of leakage reactance between the
windings of the output transformer
is very much reduced, and this also
extends the high-frequency limit of
the amplifier. The design of the
output transformer is such that
virtually no r-f voltage exists be-
tween adjacent windings, thus mak-
ing insulation problems easier.
Complete shielding of the grid-

FIG. 5—Cathode-driven inverse-parallel
amplifier with low harmonic distortion

cathode excitation windings on the
driver transformer was necessary
to attain amplifier stability.

The output of the amplifier is di-
rectly coupled to the input of a
pi network that matches the load
impedance to the 2,500-ohm output
impedance of the amplifier. The pi
network also serves to attenuate r-f
harmonies from the amplifier. It
comprises a variable vacuum capac-
itor and a group of fixed oil-dielec-
tric capacitors at both input and
output, with series inductors com-
posed of fixed windings whose in-
ductance is varied by varying the
air gap of ferrite cores surround-
ing the windings. Where the load
is a balanced 600-ohm transmission
line, the pi network must accommo-
date a maximum standing wave
ratio of two-to-one over the 30 to
600-kc frequency range.

15-Kw Power Amplifier

The power amplifier is designed
to deliver a power output of 15 kilo-
watts in the range of 30 to 300 kc.
High power gain is not required,
since 3 kw of excitation power is
available, but the amplifier is oper-
ated in such manner as to obtain
good linearity and low r-f harmonic
distortion. It also has broadband
frequency response with complete
stability.

Two Eimac 3X2500F3 triodes
were chosen for this amplifier.
When operating these tubes in class
AB-2 push-pull with an anode volt-
age of 6,000 volts a power output of
about 15 kw may be obtained. To
provide some margin of power a
grid-separation circuit is used so
that about 1 kw of the excitation
power is contributed to the output.
As with the 3-kw amplifier, the in-
verse-parallel type of circuit is
employed as shown in Fig, 5. Addi-
tional advantages of the grid-
separation circuit are greater lin-
earity and lower r-f distortion due
to a more constant input impedance
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FIG. 6—Balanced directional coupler,
adjustable to indicate null for any load

over the r-f cycle, and excellent
stability.

When operating at full power
output the grid current of each tube
is between 100 and 150 ma and the
bias is such that the tubes are actu-
ally operating in the class B region.
This results in some r-f distortion,
but the increase (as compared with
class AB operation) is mainly in
the higher-order harmonics where
the pi network has high attenua-
tion. Measured harmonic content
in the r-f output when a purely re-
sistive load is used indicates that
the third harmonic is normally
more than 55 db below the funda-
mental, the second and higher order
harmonics generally being much
weaker, The antenna tuning cir-
cuit provides greatly increased at-
tenuation of all harmonics.

Transformer coupling from the
3-kw wunit to the grid-cathode cir-
cuits and from the anode-cathode
circuits to the output pi network is
employed, using ferrite cores. The
problems here are similar to those
with the 3-kw amplifier, with less
emphasis on the need for shielding
of the excitation windings. The r-f
voltages are only slightly higher,
but much larger r-f currents are
involved and some advantage was
obtained from using Litzendraht
cable for some of the windings.

Amplifier Adjustment

When the transmitter is properly
adjusted to a given frequency the
bandwidth over which the ampli-
fiers will respond depends almost
entirely on the characteristics of
the pi networks. The best com-
promise between bandwidth and
harmonic attenuation occurs with
90-degree pi networks. With a load
resistance of 600 ohms on the 15-kw
amplifier the 3-db points at 30 ke
are 11 ke apart and at 300 kc are
50 kc apart.

A 3-phase, full-wave rectifier pro-
vides 6,000 volts d-c for the 15-kw
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power amplifier. A single-section
choke-input filter is used with the
lowest practical amount of filter in-
ductance in order to provide a low
impedance for the surges of current
when amplitude-keying the trans-
mitter. Type 4B32 gas-filled recti-
fier tubes are used here and in the
5,000-volt rectifier for their ability
to operate in wide ranges of am-
bient temperature

Directional Couplers

Proper adjustment of the pi net-
works so that the amplifiers are
loaded by their most favorable im-
pedances presents a problem which
is not satisfactorily answered by
observing cathode currents or r-f
line currents. This is largely due
to the broadband nature of the
amplifier, There is no pronounced
dip in cathode current or peak in
r-f output current to indicate
proper adjustment. The directional
coupler of Fig. 6 is therefore needed
to indicate when the impedance pre-
sented to each amplifier is correct
both in amplitude and phase angle.

A coupler is placed in each anode
lead of both the 3-kw and the 15-kw
amplifiers, as close as practical to
the tubes in order to reduce the
amount of stray capacitance on the
anode side of the coupler to that of
the anodes themselves.

A coupler is, in effect, a shielded
r-f current transformer wound on a
toroidal ferrite core. The shield
provides capacitance coupling to the
line voltage and the winding pro-
vides inductive coupling to the line
currenf. By terminating the wind-
ing with a resistance much lower
than the reactance of the winding,
the voltage across this resistance
will be in phase with the line cur-
rent. By connecting the shield to
a relatively large capacitance the
resultant capacitance divider will
produce a voltage that is in phase
with the line voltage. It remains,
therefore, to adjust the voltage
divider and the terminating resistor
so that their respective voltages are
equal when the ratio of line voltage
to line current has the optimum
desired value.

By connecting the two voltage
sources in series and in phase op-
position the resultant voltage will
null out only when the amplitude
and phase of the line voltage and

current have the desired values;
that is, the impedance presented to
the line is purely resistive and of
the desired value.

Antenna Tuning

Equipment for resonating and
coupling to antenna towers is pro-
vided, to be installed in a tuning
house located adjacent to the an-
tenna. The principal function of
this equipment is to provide the
proper amount of inductance to
resonate with the capacitive react-
ance of ungrounded towers less
than a quarter wavelength high.
At full power the voltage at the
tower base may be 85,000 peak
volts. By inductive coupling the
resultant antenna circuit resist-
ance is transformed to 600 ohms for
termination of the balanced r-f
transmission line.

The antenna tuning inductance
consists of seven coils and a vario-
meter designed to carry 100 amperes
r-f current. All coils are wound with
Litz cable about 0.5 inch in diam-
eter, supported on a framework of
plasticized glass matt. Each coil
has connected across it a magnet-
ically operated switch the contacts
of which operate in a vacuum. The
coupling transformer obtains the
required variation in coupling be-
tween primary and secondary by
variation of the air gap in movable
ferrite core sections.

The antenna tuning inductors are
completely separate coils mounted
along a line at such angle to each
other that there is virtually no
mutual inductance between any of
the coils. The coils are tapered in
value such that, starting with the
largest coil, each successive coil has
approximately half the inductance
of the preceding coil. The smallest
coil is about 50 microhenrys, which
is also the range of variation in in-
ductance of the variometer. A bi-
nary system is thus established,
since any combination of coils may
be cut into the antenna circuit and
any multiple of 50 microhenrys up
to the maximum inductance avail-
able thus obtained. The variometer
takes care of inductance values in
between the 50-microhenry mul-
tiples. Remote control of the binary
system is accomplished by rotary
switches used with an eleven-pair
cable.
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New Relay Materials

Tungsten-carbide contacts, nickel-iron armatures, stainless steel springs, silicone damping

fluids and self-shielded cores are examples of the many new materials that have improved

relay reliability, sensitivity, life and versatility for use in electronic equipment

By FRANK ROCKETT

research and Engineering Division
dirborne Instruments ILaboratory, Inc.
Jineola, N. Y.

Two PRACTICES common to the
relay industry suggest that a
case-study method of presenting
modern trends in relays is appro-
priate. First, most basic relay struc-
tures are available for a variety of
functions. Especially is this true of
coil impedances; operating power
can be developed at any impedance
level from a few ohms to thousands
of ohms for most relays.

The second industrial practice is
that of adapting basic structures
to the needs of customers. Virtually
all relay manufacturers provide de-
sign assistance to their customers.
Experience shows that, in many
instances where a stock item is in-
adequate, a regrouping of standard
parts produces a wholly satisfactory
relay. Manufacturers will almost
always undertake to modify a struc-
ture to meet unusual requirements.
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Examples of communication re-
lays will be considered first—the
polar relay long used in telegraphy,
the stepping relay used in auto-
matic exchanges and the so-called
telephone leaf-spring relay. Next
will be described two unusual relay
actions—a relay using mercury for
contacts and a time-delay relay
using an unusual form of hydraulic
damping. Finally will come a va-
riety of sensitive relays, including
those with instrument-type move-
ments, and then a brief look into
the future of subminiature relays.
This bypasses power relays, because
this article is chiefly concerned with
units that can be actuated by elec-
tron tubes at moderate levels or
that can replace certain electron
tubes.

Polar Relay

Most relays respond to the
presence or absence of current re-
gardless of direction. Polar relays
are sensitive to direction of current
flow; a common application is in the
reception and repeating of bipolar
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telegraph signals. In such service
the unit of Fig. 1 operated without
servicing for 18 months, averaging
about five million operations daily.

The magnetic circuit consists of
an Alnico permanent bias magnet
extending the length of and carried
in the molded phenolic base and held
in position by its own attraction to
the laminated core assembly at one
end and the pole piece at the other.
The resulting lines of flux are
shown greatly simplified in the dia-
gram. The pole piece distributes the
bias flux equally between the two
branches of the circuit. The coil as-
sembly consists of several windings
that can be variously connected for

operation at various impedance
levels.
The nickel-iron bar-armature

carries tungsten-carbide contacts
and rocks on a stainless steel spring
through which electrical connection
is made to the common terminal.
This construction causes a small
longitudinal motion of the armature
in addition to a rocking motion,
thus tending to prevent bounce. It
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Improve Performance

also avoids bearing wear which re-
quired frequent adjustment of older
units. The sliding motion also pro-
vides wiper action, so that, after
months of operation, the contact
surfaces usually appear polished
and {ree of pits or material trans-
fers.

Rotary Switch

Basically, relays are mechanized
switches. The simplicity of the elec-
tromagnet and solenoid as drive
mechanisms has resulted in their
widespread use, even in rotary
switches. An important part of the
design is then the ratchet and pawl
whereby the translation produced
by magnetic action is converted in-
to rotation. Another feature of
these multiposition switches is the
holding mechanism whereby the
switch is positively restrained to
its set position.

These two functions are com-
bined in the rotary switch of Fig.
2. The ratchet wheel is held posi-
tively in position by a set of stop-
ping teeth on the end of the arma-
ture. When the switch is active, the
stopping teeth pull away and the
pawl indexes over a tooth of the
ratchet wheel; energy is then
stored in a spring. Demagnetization
of the coil allows the driving spring
to advance the pawl on the next
ratchet tooth to move the wiper as-
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sembly to the next bank of con-
tacts (indirect drive).

The bank is mounted on one side
of the one-piece open frame so that
as many levels as desired can be
built up. Contacts and brush springs
are assembled between laminated
plastic spacers that have been
coated with Bakelite varnish. The
bank is then tightened for a pres-
sure and baking cycle, after which
the bank assembly is as strong and
moisture-resistant as a molded as-
sembly. This method of construc-
tion withstands voltage breakdown
tests between adjacent contacts and
between contacts and ground of
2,000 rms volts. Ten-level switches
operating self-interrupted at 70
steps per second were tested over
one million half-revolutions of the
wipers without failure.

General-Purpose Relay

For switching a variety of
low-level or signal circuits, the tele-
phone-type relay of Fig. 3 is com-

monly used. To insure positive con-
tact, each of the twin contacts on
each spring is independent and self-
cleaning. Such slight bounce or
chatter as may exist is largely
masked by the difference in length
and stiffness of the dissimilarly
shaped spring tips.

The contacts are welded to the
springs for high strength and low
resistance. To aid in the self-
cleaning action, the contacts are
dome-shaped. Considerable progress
has been made in developing new
alloys for contacts and in learning
the limitations of conventional ma-
terials. Many variables influence the
life of contacts; there is probably
no universal contact material. Ma-
terials like silver have excellent con-
ductivity but are subject to filming,
transfer and pitting. Tungsten, on
the other hand, is highly resistant
to mechanical wear and arc erosion
but requires relatively high con-
tact pressure and applied voltage.

In the relay of Fig. 3, the springs

Previous Articles in Series

Part 1: Fixed Capacitors Undergo Miniaturization, p 120, July 1954

Part 11: New Variable Capacitors Extend Tuning Range, p 130, Aug. 1954
Part 11l: Fixed Resistors Show Stability Improvements, p 132, Sept. 1954
Part IV: Precision Potentiometers Use New Materials, p 144, Oct. 1954
Part V: Iron-Core Transformers Run Smaller and Hotter, p 136, Nov. 1954
Part VI: High-Frequency Coils Use New Core Materials, p 140, Dec. 1954

145



e Bakelite cementing varnishes for insulating wafers simulate

molded assemblies

e Offsetting and angular stacking reduce copacitance between

contact blades of r-f relays

e lron core floating in silicone fluid minimizes temperature effects

in time-delay relay

I
@n(@/

FIG. 5—Two-pole single-phase mercury
plunger relay made by Ebert Elec-
tronics. Each tube is rated ‘for 35 amp
at 115 v

are nickel silver. The choice of
spring material depends on the rela-
tive values of many factors, chief
of which are conductivity and ten-
sile strength. The temperature
range over which a material retains
its tensile strength may force a
compromise, as also may its
chemical compatibility with other
materials. Figure 4 compares con-
ductivity and tensile strength of
common spring materials.

For switching high-frequency
signals, the capacitance between
springs or contact blades of a pair
must be minimized. Two of the tech-
niques used involve offsetting the
springs over most of their common
length, and stacking the movable
and fixed springs in separate piles
so that they overlap only at their
contacts (as in the video relay re-
cently introduced by Clare).

Mercury Relay

Although most relays make or
break contact between solid con-
ductors, other principles of opera-
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tion are used. The mercury-type
switch can be mounted on an actua-
table holder as a relay for use in
equipment that is always operated
in a level position.

A further modification of the
mercury relay is shown in Fig. 5.
A plunger floats in mercury above
which is an alumina cup. The cup
contains mercury in contact with
one terminal of the relay. The main
pool of mercury is in contact with
the other terminal. When the coil
circuit is closed, the plunger is
driven into the pool, thereby dis-
placing the mercury upward to
flood over and into the cup and com-
plete the circuit. The mercury con-
tacts are completely enclosed in an
hermetically sealed glass tube,
thereby permitting operation in ex-
plosive atmospheres. A weighted
plunger is lifted from the mercury
pool in a normally closed relay.
With a coil resistance of 6,950
ohms, the relay pulls in at 180 v d-¢
and 26 ma.

Time-Delay Relay

Outwardly the relay of Fig. 6 ap-
pears to be a conventional lever-
action unit. However, it also in-
cludes an iron solenoid core inside
the coil form, as shown in the dia-
gram. Silicone fills the remaining
space inside the nonmagnetic coil
form. When the coil is energized,
the movable iron core is drawn into
the magnetic field against the damp-
ing action of the silicone fill. As the
core moves into the coil, it reduces
the air gap, thus reducing the re-
luctance in the magnetic circuit.
When the core is drawn fully into
the coil, the relay is actuated.

This operation is used in over-
load relays to prevent the relay
from responding to momentary
surges, and in time-delay relays to

provide a unit that can be recycled
promptly. Operation is affected by
ambient temperature only indirectly
as the temperature affects the vis-
cosity of the silicone; the effect
is only slight because of the rela-
tively stable viscosity of silicones.
A check valve in a center channel of
the core (not shown in the draw-
ing) provides the full damping
effect during the timing cycle yet
allows the relay to be reset quickly
by the spring; this construction

assures full timing cycle im-
mediately after reset.
Sensitive Relays
Illustrative characteristics for

sensitive relays are: contacts rated
at 2 amperes, 26.5 v d-c or 115 v a-c
with resistive load, coil sensitivity
of 40 mw in dpdt service (22 mw
in spdt) and resistance up to

“ORE ? } SIFLICODNE' >
LU _—
coi 9 _T‘r‘ N "
‘j:'j!- [3)), " D). iz
il > s oo
=k A FER HgEs
J N .
ARMATURE- © SPRING
(A) (B} (C)
FIG. 6—Plug-in-Heinemann time-delay

relay uses hydraulic-magnetic operation
to actuate after designed time delay at
125 percent of rating and instantly at 8
times rating. Spring holds iron core
away from armature (&) until current is
applied (B); when core is drawn fully
into coil, armature closes (C)
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14,000 ohms, operation from —60C
to 4-125C to withstand vibrations
of 10 g up to 500 eps or shocks to
50 g. One such relay made by Allied
Control is 1% in. long by § in. dia-
meter, weighs 2 oz and operates up
to altitudes of 80,000 ft (1.3 in. of
Hg).

Relay Lite

The life of a relay depends on its
environment and operating condi-
tions as well as on its design and
construction. One representative
hermetically sealed relay that plugs
into a standard 7-pin miniature
socket is rated by the manufacturer
for a million operations at 1 amp,
24 v d-c; the unit is insulated for
500 v from any terminal to ground.
The design characteristies of the
coil for this relay are presented in
Fig. 7. Threshold of operation is
60 mw; maximum continuous power
to the coil should not exceed 150
mw, and thus any point on the
graph between the two constant-
power curves defines a suitable
operating point. However, a more
practical operating point can be ob-
tained by selecting conditions be-
tween the 60 and 90-mw curves. The
coil is then designed to these para-
meters to produce the needed
ampere-turns at the chosen im-
pedance. Release current is half the
energizing current. Over 150 mw,
the coil is used in intermittent or
pulse service only.

Meter Relays

Where the utmost in sensitivity
is required, a meter movement is
generally employed. With such a
design, the relay can often be actu-
ated directly from the control
source without electronic amplifica-
tion and consequently with consid-
erable simplification to the equip-
ment. Usually, if a circuit can be
metered, a meter relay can be used
to supervise the circuit automatic-
ally. Most indicating instruments
consume less than 1 mw, which is
more than one order of magnitude
below the operating level of sensi-
tive relays and insufficient to pro-
duce adequate torque for contact
pressure. A principal distinguish-
ing feature of meter relays is, con-
sequently, the means for assuring
positive contact.

One of the oldest such relays
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FIG. 7—Coil characteristics for minia-
ture sensitive relay, showing contours
of constant power and coil resistanze on
voltage-current coordinates (Terado Mi-
cro Relay)

is the Sensitrol (trademark of
Weston). A modern version has a
self-shielded-core magnetic assem-
bly for the movement and a self-
contained release solenoid. The
fixed contact is a small silver-
coated permanent magnet. The
moving contact is the instrument
pointer fitted with a silver-plated
soft iron sleeve. When the meter
movement brings the pointer near
the fixed contact, magnetic attrac-
tion closes the contacts with a force
in the order of a gram, compared to
a few milligrams available from a
meter movement directly at a com-
parable low power.

To force apart the contacts, a 6-
volt release solenoid is energized by
an external control circuit. The re-

lease mechanism is rated to operate
at 75 ma but will operate if the
supply voltage drops to 4.5 volts.
For a-c operation, a rectifier is built
in with the release mechanism; here
about 1 watt is required for release.

Contacts can be arranged to close
on high or low signal levels. In the
newer models that serve both as in-
dicating instrument and relay, plat-
inum-iridium contacts are rated 35
ma at 6 v d-c noninductive and, if
auxiliary equipment permits, can be
set to close within =1 percent of
full scale; usual accuracy is =5 per-
cent.

Normal test voltage between
coil and contacts is 500 v at 60 c¢ps.
Sensitivities are as high as 4 micro-
amperes full scale with a contact
capacity of 100 milliamperes.

In the instrument of Fig. 8,
which has in some applications pro-
vided over 7.5 X 107 operations, a
locking coil is wound over the
normal moving coil and connected,
for example, in series with the coil
of a booster relay as shown. As
soon as the contacts of the instru-
ment relay touch, even at high re-
sistance, some current flows in the
locking coil to increase the closing
torque. The action is cumulative
(positive feedback) and builds up a
contact force of up to 3 grams from
about 5 milligrams produced by the
meter coil alone. As in all such
relays, the locking action produces
a wipe to assure low-resistance con-
tact and, in this design, loads the
brass spring mount of the adjust-
able contact so that, when the lock-
ing circuit is opened, the contacts
are thrown open. The indicating
coil then repositions the pointer to
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FIG. 8—Meter relay is basically a d’Arsonval movement with the pointer serving

as moving contact (Assembly Products).

For control of current-operated devices such

as relays, auxiliary coil assures positive contact (A); for voltage-operated devices
such as grid-controlled tubes, light contact pressure of relay may be sufficient (B)

147



e Inverted d’'Arsonval movement with pivoted permanent magnet
eliminates need for release or reset circuits in meter-type relay

o Electrostrictive relay responds to sum of applied charges

e Subminiature relays approach size of transistor

e Glass housings increase relay life

TORQUE SPRING
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LEVER JEWEL
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SPRING CONTACT
STOP
l ARM
MOVING
CONTACT paener
INNER DAMPING
MAGNETIC | cup
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PLUG
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cLass-To| |
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SEAL KJFA—:”J 3£

GASKET

FIG. 9—Instrument-type relay in sealed
case develops sufficient torque in milli-
ampere range for reliable contact pres-
sure; unit is widely used in aircraft fire
detection equipment with thermocouple
as control element (Instrument Division,
Thomas A. Edison)

FIG. 10—Relays housed in glass jars
achieve nprotection from dust yet are
visible for inspection and accessible for
adjustment. Modern glasses withstand
usually encountered shock, vibration
and temperature (Telectro Industries)
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wherever it belongs, either away
from the contact or at it ready to
lock again.

Where over a milliampere is
available for the meter coil and con-
tact current can be held below 100
microamperes with a low open-cir-
cuit voltage, the locking feature
may be unnecessary, as in the thy-
ratron cireuit shown in I'ig. 8 This
mode of operation is feasible, how-
ever, only in a mechanically quiet
environment. Even with the lock-
ing coil, a shock-mounted version,
now being developed, is preferable
for use in industrial and military
environments.

Moving-Magnet Meter Relay

For applications in which an in-
put power of about 25 microwatts
is available, pull-in and drop-out
operation is provided without re-
lease or reset circuits by the relay
of Fig. 9; it gives a power amplifi-
cation of about 5 x 10°. Basically
it is an inverted d’Arsonval move-
ment in that the permanent magnet
is the moving member while the
coils are stationary, thus reducing
the weight and facilitating the use
of a wide range of coil resistances
(60.5 to 21,000 ohms).

Electrostrictive Relay

These are current-operated de-

vices. Recently a voltage-sensitive
electrostrictive relay was intro-
duced by Mullenback Electrical

Manufacturing. It presents an im-
pedance of about 0.1 microfarad
shunted by about 500 megohms and
is actuated by about one milliwatt-
second (one millijoule) of energy
and is held by 50 microwatts. A
feature of particular interest in
this relay is that it accumulates
energy so that it can respond to the
sum of applied charges. Present
units are designed for operation at

from 150 to 175 v d-c; contacts are
rated for 1 ampere at 125 v a-c non-
inductive.

Subminiature Relays

For use in transistorized equip-
ment, subminiature relays are
being developed. One such unit,
introduced by Allied Control,
weighs 0.032 oz and is about
an inch high, 3} in. wide and { in.
long. Nominal coil sensitivity is
rated as 1 watt; contacts are rated
for 0.25 amp at 26.5 v d-c or 115 v
a-c noninductive. Polytron Engi-
neering is in production on a line
of relays with similar character-
istics.

Another such relay, being devel-
oped by Neomatic, has overall di-
mensions of 0.187 in. by 0.392 in.
by 0.500 in. and a weight of 0.035
oz, about the size of a transistor.
Operating power is reported to be
under 0.25 watt with coil resist-
ances to 2,000 ohms. The spdt con-
tacts are rated for 0.25 amp nonin-
ductive.

Many subminiature relays are
hermetically sealed; in fact, many
relavs manufactured today for use
in electronic equipment are enclosed
or are available with dust covers,
dust and other airborne contamin-
ants being a common cause of fail-
ure of these low-current units. The
life of some relays can be substan-
tially increased, however, if they
are accessible for minor adjust-
ments and repair.

Sealed Relays

The relay of Fig. 10, while meet-
ing all environmental requirements
for such devices, is arranged to per-
mit examination of its internal
structure through the case. The
glass cover is readily removed with-
out tools and without the removal
of the relay from the circuit, thus
facilitating observing the relay in
operation and adjusting it in the
field.

The connecting leads are brought
to a terminal panel through a plas-
tic header which is molded as an
integral part of the base member.
The leads are sealed into the header
during the molding cycle to mini-
mize leakage. To insure internal
rigidity, the relay and the base
member are mounted to the chassis
by a common support stud.
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Production-line testing of plug-in type three-stage flip-flop counters

Three-stage (left) and two-stage counters

Flip-Flop Counter
Has Expanded Range

Counter may have up to six stable states without using feedback or matrixing. Sequential

operation of counter stages requires only one tube to conduect at a time resulting in greatly

reduced plate power consumption

OST COUNTERS in use today
M are of the Eccles-Jordan flip-
flop type. Although proven in-
valuable in the field of electronics,
the flip-flop has disadvantages in
certain applications, For example,
to divide a given frequency by a
nonbinary number, feedback is
necessary, which tends to be cum-
bersome and requires additional
circuitry, power and space. Further,
if sequential output is required of
more than one binary stage, a
matrix is necessary. The expanded
flip-flop counter to be described
overcomes some of the disadvan-
tages that are encountered in the
use of ordinary binary counters. In
addition, it may have not only two,
but three, four, five or any integral
number of stable states.

The flip-flop has two stable states
and requires one tube per state.
A counter that has more than two,
for example N, stable states simi-
larly requires one tube per state or
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N tubes. The conduction of one
tube will prevent all other (N — 1)
tubes from conducting.

Input pulses cause the N-stage
counter to advance through its N
states sequentially; even in the flip-
flop where N = 2 the count ad-
vances sequentially from 0 to 1. If
there are N stages, the count ad-
vances sequentially from 0 to 1, 2,
3, . . . N, advancing one position
with each input pulse. In this re-
spect, the counter may be thought
of as a linear or ring counter. In
this case, N = 3 would be a ring
counter with a capacity of three.
If N = 2 (flip-flop) the ring would
have a capacity of two.

The same types of input cou-
pling systems used with flip-flops

wWwWwW-americanradiohistorv-com

may be used with N-stage counters.
One method is to apply the input
to the grids through diodes; one
diode for each grid or a total of N
diodes. Another method is to apply
the input through a capacitor to a
common junction of the grid or
plate vresistors. This method is
economical since only one capacitor
is needed for any number of stages.
Most of the devices that are used
to increase speed or reliability of
flip-flops may also be applied to the
expanded counter. For example,
catching diodes may be used at the
grids and plates to discharge cou-
pling capacitors more rapidly. Reset
to any of the N states may be ac-
complished by applying a positive
pulse to the grid of that tube.

Three-Stage Counters

Figure 1 shows an N-stage
counter with N = 3. Each grid is
connected through a resistor to
every plate except its own. These
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FIG. 1—Input coupling to three-stage flip-flop counter is through diodes

resistors are of such a value that
if one stage is conducting all other
stages will be nonconducting. For
example, if stage 1 is conducting,
the resultant low plate potential will
cause the potential on each of the
other grids to be low since they are
connected to one high potential and
one low potential plate. On the other
hand, the grid of stage 1 is con-
nected to two high potential plates,
therefore, it remains at a high po-
tential and assures conduection. In-
put coupling is through diodes con-
nected to each grid.

The counter of Fig. 1 has several
advantages over other methods of
achieving a count of three. The
power consumption is low because
only one tube conducts at a time,
the number of tubes required is
only three, the output is in sequen-
tial form and the speed is relatively
fast considering the circuit time
constants since each tube conducts
only one-third of the time.

A three-stage ring counter of
comparable speed requires six
tubes, three of which are always
conducting, with a resultant tri-
pling of plate current and doubling
of heater current.

A system used to obtain a count
of three with binary counters re-
quires four tubes, two of which are
always conducting. The output is in
binary form, requiring a matrix to
convert it to sequential count. The
feedback limits speed and abates
reliability by increasing complexity.

By supplementing flip-flops with
N = 3 counters, total capacities of
2", 3" or 2" X 3" may be achieved
with ease; » in this case being the
number of binary or ternary
counters used.
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The usefulness of the expanded
flip-flop type of counter extends be-
yond the three-stage counter to
four, five, and six-stage counters.
When N = 4, four tubes are needed,
the same number required by a
like capacity binary counter. How-
ever only one tube conducts at a
time instead of two as in the binary-
counter system. Only half the plate
power is required and in addition,
the output is sequential eliminating
the need for a conversion matrix,
A four-stage ring counter requires
four times as much plate power,
and twice as many tubes.

A five-stage counter requires five
tubes of which only one conducts at
a time. The output is sequential,
the plate power required is about
one-third of that required by a
similar binary system of equal
speed and the complexities of feed-
back are avoided.

Circuit advantages for the ex-
panded flip-flop do not continue in-
definitely however. For values of N
greater than six, the number of
tubes required is greater than that
required by binary counters of
equal capacity. This point of
diminishing returns can be illus-
trated by considering that the
number of grid-to-plate resistors
(Fig. 1) required for a counter
with N stages is N (N — 1), A five-
stage counter requires 5 (5 — 1) or
20 grid-to-plate resistors, a six-
stage counter requires 30 grid-to-
plate resistors and a seven-stage
counter requires 42 resistors.

As the number of stages is in-
creased, the voltage swing at the
grids is decreased due to the inter-
action between grid-to-plate re-
sistors. A five-stage counter may be

designed for long term reliability,
however, using 1-percent resistors.

The loss in grid voltage swing,
for values of N greater than two
may largely be eliminated by re-
placing the grid-to-plate resistors
with. nonlinear devices such as
diodes. Figure 2 is an example
of 'this system applied to a five-
stage counter. The same number of
diodes is required as grid-to-plate
resistors, N (N —1).

The diode matrix operates at
plate-voltage levels where the im-
pedances are relatively low and the
voltage swings are relatively high.
It is required that one resistance
divider be connected from each
matrix line to the appropriate grid.

Another possibility is to divide
the plate voltages down to grid volt-
age levels with resistors, with a
matrix providing the proper grid
voltages. The higher impedances
involved in this type of circuit re-
quire different characteristics of
the diodes or other nonlinear de-
vices than the circuit of Fig. 2.

The power efficiency of the ex-
panded flip-flop counter can be
deduced from Fig. 2. During opera-
tion, each tube conducts only one-
fifth of the time.

High-speed reliability of this
counter is increased because each
tube in the circuit has an avail-
able recovery time that is equivalent
to four input pulses.

Design Equations

The prime consideration of the
design equations given below is
long-term reliability. Design is
based on the assumption that all
resistors may vary by an amount
¢ and that all supply voltages may
vary by an amount ¢, in the most
unfavorable direction. It is as-
sumed that all of these worst con-
ditions are present simultaneously.
The simplest form of counter (Fig.
1) will be used to derive design
equations.

Taking first the grid circuit, Fig.
3A, of a conducting tube, the condi-
tions that tend to decrease the grid
voltage are increased R,, decreased
R,, increased E and decreased Ey¢
the plate voltage of a nonconduct-
ing tube. When the tube is con-
ducting it is required that its grid
be zero or positive and the follow-
ing relation exists
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FIG. 2—Flip-flop counter uses crystal diodes in cross-coupling networks
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When the tube is nonconducting,
Fig. 3B, the negative voltage ap-
plied to the grid is E,. The condi-
tions that make F, maximum are R,
minimum, R, maximum and E mini-
mum. The grid is connected to a low
potential plate whose potential is
E, through one grid-to-plate re-
sistor R, and to N — 2 high poten-
tial plates, whose potentials are E ¢
through (N — 2) (R,) resistors.
The equation for this circuit is

Ec=KEnc—(1—0)(N-1)E, (2)
where

1= E—-(14+0)E]1-p)*(N-1)

(I1+p2(1+0)E

)

(N-2)

In the plate circuit of a noncon-
ducting tube, Fig. 3C, conditions
that decrease the grid voltage of
the conducting tube are E., mini-
mum, R, and B, maximum and R,/
(N — 2) minimum. Relationships
are

(1-0)E;—Enc _

- (+pR
Inc Exct+E. @)
(I+o)B: (L—p)Ri/(N—-2)

When a tube is conducting its
job is to prevent all other stages
from conducting. In Fig. 3D the
conditions that make E, more posi-
tive are K, maximum, R, and R,
minimum and 7, maximum. These
relations are expressed by

(_1_'_*-0'\172 EC—Z I‘C+(1+U)E1 (4)
(1—p)Rs (1—p)R/(N-1)

where », is the static plate resist-
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ance of the tube and 1, is the plate
current. Solving Eq. 3 and 4 for
R,, then using the relationship
E, = i,r, and solving for the maxi-
mum permissible statie plate resist-
ance 7, gives

2
=B ;l: KEyc—(14+o)(N=1)E, ‘f]
(5)

where
[(1 +0)E:Exc+(N —2)(1+0)
(1+p)(Exc+E)E/(1—p)
(1-p)[(1—0)E:—Enc]
(N-1)(1+0a)E:/(1—p)

and
I'(N —D[Enc+(1+p)(Enc+E)] :l
+(N=-1)(1-0)E:

S = A=Al ~0) B Exdl

The limits of voltages and toler-
ances for any value of N may be
determined from Eq. 5. For 7, to
be positive

|[KEye|l > |[(1+0)(N—-1)E|  (6)
For K to be positive
[(1-0)E—-(1+0)E] (l—p)z(N—l)

| (1+p)2(1+0)E

IN-2| (7)

When N = 2 this condition is al-
ways met. Solving Eq. 7 for F

(1+0)(1-p)*(N-1)E;
(1=a)(1—p)*(N—1) ]
—(N=2)(1+p)*(1+0)
Voltage F must be positive, there-
fore
[(1=a)A—p)%N -1 >
[(N=2)0+p)(l+0)| (9)
If N = 2 or the tolerances are
zero, Eq. 9 will always be true. For
other values of N and for practical
tolerarnces Eq. 9 provides a means
of determining the outside tolerance
limits for a given value of N. With

K>

FIG. 3—Equivalent grid and plate circuits

0 20 40 60 80
E IN VOLTS

FIG. 4—Relationship of K to E for an
N — 3 counter

this done a minimum value of F
can be determined from Eq. 8.

When the conditions of Eq. 8
and 9 are met the requirement of
Eq. 6 will also be met for all prac-
tical values. Equation 5 can be used
to determine the maximum 7,.

For practical values the r, of
Eq. 5 changes rapidly with changes
in K which depends largely upon
E and E,. The value of E, is limited
chiefly by tube characteristics.
Therefore, the variable that may be
adjusted most freely is E. Figure
4 shows the relationship between K
and E for typical values of F,, o, o
and N. A logical choice for E is
just above the knee of the curve.

The design procedure is easily
modified to accommodate circuit
variations such as the use of cath-
ode bias resistor, catching diodes or
other modifications of the basic cir-
cuit. The limitations imposed by
Kq. 8 and 9 do not apply when non-
linear devices instead of resistors
are used for cross coupling.
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Magnetic Tape Improves

Recorder memorizes thirteen geophone response signals resulting from seismic echoes
and immediately plays them back onto pen recorder. Carrier to each recording head from

4,500-cps multivibrator is frequency-modulated 2,000 cps by the signal from the

associated geophone insuring minimum phase shift and good low frequency response

ULTICHANNEL RECORDING plays
M an increasingly important
part in geophysical exploration
work. It provides a visible pres-
entation of signals as they are
picked up by a series of properly
placed geophones after a dynamite
charge has been exploded. By cor-
relating the signal arrival time at
the various geophones, and by in-
specting the phase relationship of
incoming signals, much can be
deduced about the earth’s crust.
Until recently, a graphic record
has been the only information left
for subsequent evaluation. A con-
siderable advantage accrues if the
signal derived from each geophone
can be memorized as an electric
signal and made available later. It
is possible to re-establish an elec-
trical signal from a graphic record,
made with a predetermined filter
setting but the equipment to do it
would be complex.

Specifications

A few of the most important re-
quirements for a practical record-
ing instrument follow: recording
of frequencies in the range from 20
to 500 cps within 1.5 db; time rela-
tionship between signals preserved
with an accuracy better than 1
millisecond ; and signal-to-noise ra-
tio of at least 40 db.

A magnetic recording system pre-
sents a good solution for preserving
and subsequently reproducing geo-
phone signals. Since only 5 seconds
of recording time are wanted, the
use of an endless recording medium
suggests itself. However, to make
handling and storage easier, a de-
sign was adopted that employs the
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endless principle without using an
endless recording medium.

Two units for geophysical explo-
ration work have therefore recently
been developed. One equipment
setup is designed to be carried by a
truck. Its essential function is to
record the information from the
geophones. The other unit is a re-
producing device for use in field
offices. It serves mainly to recreate
a facsimile of the original electrical
signal and to supply it to other
processing equipment.

Truck Unit

A Dblock diagram of a truck unit
is shown in Fig. 1. A number of
geophones translate the soil vibra-
tions, owing to surface transmis-
sion and due to strata reflections of
the shock waves released by an ex-
plosive charge, into electrical sig-
nals. These signals are fed over
cables to the input terminals of
individual gain-controlled amplifier
units. Each of the preamplifiers is
connected to a modulator, that, in
turn, energizes one of a series of
magnetic heads to impress the sig-
nal-modulated carrier upon the re-
cording medium. The recording
medium is laid around the surface
of a slowly rotating drum.

Also wound around the same
drum adjacent to the magnetic re-
cording medium 1is a strip of
graphic chart paper. A single,
high-speed writing pen that moves
sideways after each drum revolu-
tion is sequentially connected dur-
ing the playback process through a
discriminator to each magnetic
head. It leaves a series of traces
on the chart paper, which repre-

sents a time-coordinated facsimile
of the electrical signals generated
by the geophones. The speed of the
synchronous motor that drives the
drum is controlled by a 50-cvcle tun-
ing fork.

The metal drum, supporting a
plastic magnetic tape and the volt-
age-sensitive chart paper, is essen-
tially hollow except for a slight off-
set center web. It has a diameter
of 12 in. and rotates around a hori-
zontal axis. The peripherv of the
drum is slightly grooved to locate
the magnetic tape. This tape, which
is 1 in. wide, comes from a supply
reel and returns to the take-up reel,
both in the hollow portion of the
drum.

The drum rotates with a surface
speed of 7.5 in. per second. A
normally-open contact is actuated
at each revolution of the drum and
is closed at a moment when the slit
in the drum wall passes under the
14-channel magnetic head. This
contact initiates the dynamite ex-
plosion and makes certain that all
recordings take place over the un-
disturbed portion of the recording
medium,.

Magnetic Head

Heads for all 14 channels are held
in a common housing. The design
of this structure is such that all the
gaps are accurately aligned. This
is an important requirement for
preserving proper time relationship
in the reproduction of signals, par-
ticularly if another playback mech-
anism is to be used. The center-to-
center spacing between heads is
0.125 in. Each channel has a width
of 0.05 in.,, and the physical gap

Januory, 1955 — ELECTRONICS



Geophysical Recordings
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FIG. 1—Block diagram of seismic truck recording unit built to withstand rough
terrain and wide variety of climatic conditions

length between pole pieces is 5 X
107 in.

To obtain minimum phase shift
and good response at low frequen-
cies. a carrier-frequency system is
employed for the recording of sig-
nals. The carrier frequency of
about 1,500 cyvcles per second is
obtained from a free-running multi-
vibrator. To frequency modulate
the multivibrator by = 2,000 cycles
per second, the input signal derived
from the geophone develops a volt-
age drop in the multivibrator cir-
cuit. Thus, a corresponding change
of the period of oscillation is
brought about. Fourteen modula-
tors are provided to serve the 14
heads.

However, only 13 of the heads are
connected by amplifiers to geo-
phones. One of the heads records a
50-cps timing signal. The input
impedance of the modulators is ap-
proximately 50,000 ohms with 3-

volt signal sufficient to provide
full modulation.
Modulator

A more detailed description of
the circuit (Fig. 2), of such a mod-
ulator is given below. A 12AT7,
V., whose parallel-connected grid-
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input level is adjusted by poten-
tiometer R,, serves as a signal-fre-
quency amplifier. Grid bias to one
section of V, is developed across
R. and bypassed by C, while the R,
C.. combination serves to bias the
second section. Resistance R, and
R, partially neutralize current feed-
back developed across R. and R,
respectively.

The frequency-modulated carrier
is generated by V. a 12AY7T oper-
ating as a 4,500-cps free-run-
ning multivibrator with a signal
frequency-modulated positive-grid
bias. The principal carrier fre-
quency-determining components of
the multivibrator are the grid cir-
cuit elements R,, C,, R, and C., while
resistance R, and R, serve as plate-
coupling impedances. Signal fre-
quency voltage is developed across
resistances R, and R, which are car-
rier-frequency bypassed to ground
by capacitors C, and (,,, The signal
frequency across R, and R, varies
the time of recovery of each triode
half of V., from a condition of plate
current cutoff.

Proper operating bias for the
output stage is developed by the
potential drop caused by the cathode
current of V. through R, bypassed

WWAA-americanradiohistor-com

Truck-mounted seismic recorder contains

seven dual-channel modulators

by C.. Plate resistance I, in con-
junction with capacitor C., serves
to couple V', to the magnetic record-
ing head. Resistance R.. bypassed
to ground by capacitor C, supplies
the required screen-grid operating
potential to V,. The nominal plate
potential supplied to V, and V, is
225 volts. A regulated supply of
150 volts energizes the multivi-
brator tube V. through resistance
R, bypassed to ground by C..

The magnetic cores of each head
are energized with sufficient mag-
netizing force to generate a gap
magnetic field that saturates the
tape. A new recording may erase
the previous one. A 4 ¢ps square-
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FIG. 2—Frequency-mcdulated multivi-
brator that requires only 0.5 v geophone
signal for fully modulated tape record
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Multichannel head assembly with indi-
vidual pole pieces held by a casting

wave generator provides a test
signal to check the operation of
the complete system.

Playback

Each of the 14 recording heads is
also employed as a playback device.
During the reproducing process
all heads feed in sequence into
one amplifier-limiter demodulator,
which rejects the 2,500 to 7,000 cps
band to eliminate interference from
the carrier frequency. The demod-
ulated signal is supplied to an am-
plifier that drives a penmotor serv-
ing as a monitor recorder.

The drum, which supports the
magnetic tape on one side of its
periphery, supports recording paper
on the other side of its rim. The
graphic record is made by one pen
that is sequentially connected with
all 14 channels. The penmotor first
reproduces the information from
the channel on the lefthand side and
progresses step by step to the right.
At the end of each revolution of the
drum the penmotor is very quickly
moved sideways 13/64 inch under
the influence of a biasing spring,
which is slowly compressed during
the 5-second period of a drum revo-
lution. Therefore, it takes a total
of 70 seconds to transfer the sig-
nals of all 14 channels from the
magnetic tape to the chart paper.
After the graphic recording period
is over, the penmotor is returned to
its original position.
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Truck recording unit drum and drum support showing l4-channel magnetic head

recording signals on the tape carried across the surface of the drum

An important feature of this de-
vice is that a simultaneous event
can be resolved into sequential
phenomena and can then again be
presented as a simultaneous event
without introducing undesirable
phasing errors. This is achieved
by having the magnetic recording
medium and the paper on the same
drum. A unique geometric rela-
tionship is maintained in the trans-
fer process, making the outcome
effectively equal whether all chan-
nels are simultaneously or sequen-
tially reproduced.

Since the frequency response of
the penmotor is limited to 100 eps,
the monitor record will contain only
frequencies up to this value.

The drum is friction driven by a
50-cycle synchronous motor ener-
gized from a 50-watt power ampli-
fier. A tuning fork which might be
part of either the apparatus or a
part of some other device acts as a
frequency standard. Since speed
regulation in a frequency-modulated
equipment is of greatest impor-
tance, all attempts have been made
to keep speed as uniform as can
easily be achieved. The use of wide
sidebands is an attempt to minimize
any speed-fluctuation errors.

Safety

Certain safety provisions insure
that the dynamite charge is not
accidentally fired and that the tape
is not used for recording a second

www americanradiohistorv com

charge which will automatically
lead to erasure of previous infor-
mation. As soon as the dynamite
has been fired, and a recording has
been made, a lever within the hol-
low portion of the drum is released
and incapacitates all circuits which
might be used for initiating a new
recording operation. This lever is
reset only when the magnetic tape is
pulled from the supply to the take-
up reel to provide a new unrecorded
section for the next recording.

Testing

In actual use the operator re-
cords a square-wave signal on all
channels by starting the device and
pushing the square-wave selector
switch. After the 5-second mag-
netic recording period, the unit
automatically performs the signal
transfer operation, making the pen
draw the square wave on the chart
paper for each channel to ascertain
the satisfactory condition of the
apparatus. Whenever the repeat
button is pressed to reproduce any
one of the channels a second time,
the graphic recording from the
second run must coincide with that
obtained from the first. Should the
operator wish to interrupt the re-
cording cycle, he can do so by push-
ing the reset button.

Field Station Unit

In the field station unit a syn-
chronous motor drives the drum
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FIG. 3—Dual-channel discriminater, located in field station unit, delivers 1 volt rms into a 600-ohm load resistance to rerecord echo sig-
nals photographically. F-M carrier high-frequency components are favored by coupling capacitors in stages Vi and V.

which has the same diameter and
angular velocity as the drum in the
recording truck unit. The record-
ing medium upon which the geo-
phone signals have been impressed
is wound around the drum.

The recorded information is
picked up by magnetic heads and
the reproduced data are fed to the
input terminals of a series of dis-
criminators. The original signal is
recovered, amplified and then de-
livered to an appropriate number of
calvanometers to produce a photo-
graphic record of the recorded data.

The magnetic head structure can
be adjusted to assure perpendicular
alignment of all gaps with respect
to the recorded tracks. This is im-
portant if proper time relationship
between information recorded on
various tracks is to be maintained.

Demodulation of the carrier fre-
quency in the field station unit is
different from that employed in the
truck unit because it is necessary
to reproduce the band up to 500
cycles per second while previously
only 100 cycles per second were
needed for monitoring. Because of
this wider band of signal fre-
quencies, and because of the rela-
tive proximity of the modulated
carrier frequency band, the follow-
ing technique is employed. The
modulated carrier as derived from
the magnetic reproducing heads is
heterodyned against a 55.5-kc fre-
quency so that the original un-
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modulated carrier of 4,500 cycles
per second is raised to 60 kec. The
modulated carrier varies from 58
to 62-ke, if only (fi + Af) + f.
terms are used and the difference
terms are rejected by filters.

Discriminator

A schematic of the dual-channel
discriminator circuit is shown in
Fig. 3. The frequency-modulated
carrier recovered from the tape is
fed to the input of V, which func-
tions as a conventional resist-
ance-capacitance coupled voltage
amplifier. Tube V, provides addi-
tional amplification and also ampli-
tude limiting. The interstage
coupling capacitors of stages V, and
V. are chosen to favor the higher
frequeney components of the fre-
quency-modulated carrier in order
to partially neutralize the amplitude
modulation that results from the
head-tape frequency-response char-
acteristie.

The output circuit of V, is cath-
ode coupled to V. which further
limits the signal. The second section
operates as a conversion-oscillator
buffer. The oscillator working at a
frequency of 55.5 ke feeds the grid
of the second half of V..

The combined outputs of the
limiter and buffer are fed to the
input of a balanced mixer consisting
of four 1N34 germanium diodes
operating in conjunction with in-
termediate-frequency transformer

T,. The band-pass of T, is designed
to pass only frequencies in the
range from 57 to 63 ke. The output
of T, is fed to V, which amplifies
and amplitude limits the 60-kec in-
termediate frequency. Tube V, re-
covers the signal frequencies from
the frequency-modulated carrier by
virtue of electron-gating action of
the quadrature grid.

The phase and magnitude of volt-
age impressed on the quadrature
grid varies as the instantaneous
carrier frequency in accordance
with the frequency-response charac-
teristics of the tank circuit consist-
ing of inductance L, and capacitor
C.. Resistor R, shunts the indue-
tance for optimum linearity.

The output of V, is carrier-fre-
quency filtered by capacitor C. and
coupled by capacitor C, through the
filter consisting of resistors R., R,
and capacitor C, to the input of R,.

Tube V, operates as a signal fre-
quency amplifier and cathode-fol-
lower output stage. The amplifier
section of V, is capacitance coupled
to the input of the cathode-follower
section through a high-frequency
compensating network consisting of
capacitor C; and resistors R;, R, and
R.. The cathode-follower section of
Vs is designed to deliver 1-volt rms
into a 600-ohm load resistance.

Each demodulator has a 600-ohm
output and develops approximately
1 volt at its terminals for a fully
modulated carrier frequency.
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Phase Meter Analyzes

ONOCHROME television repro-

duction requires that pic-
ture-sound synchronization, as well
as vertical and horizontal sweep
svnchronization be maintained in
both transmitting and vreceiving
equipment.

Color reproduction requires, in
addition, the synchronization of the
individual components that make up
the composite color signal. While
straightforward methods of fre-
quency-lock indication have long
been known, new methods of high-
frequeney phase indication have
been devised to fulfill the rigid re-
quirements imposed by the color
signal. These requirements are set
forth in the box.

In practice, phase errors greater
than 20 deg are easily detected as
incorrect hues in the reproduced
image. For best response, the phase
error should be kept below 5 deg to
insure that the corresponding hue
error will be undetectable in normal
viewing. A phase differential of
this magnitude corresponds to a
time delay error of 0.004 usec at the
subcarrier frequency of 3.58 mec.

Sources of Phase Error

Two types of phase distortion are
to be considered in a color tele-
vision svstem. The first of these re-
sults in both the color burst and
color picture information being
shifted together. This type of dis-
tortion has small effect upon the
resultant image, as examined by
the nontechnical television viewer.

The second type of distortion
causes a variation in the phase of
the subcarrier as a funection of its
position in the amplitude range
from the color burst toward the
white level. This condition is the
primary ecause of improper color
reproduction. There are at least
three commonly known causes of
phase shift throughout the ampli-
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tude range. They are diagonal
clipping, parallel-path phase differ-
entials and variable load impedance.

An effect of diagonal clipping
may occur as a result of overdriving
the grids in television transmitter
amplifier stages. Here, actual clip-
ping may occur in the white direc-
tion, but only compression will
normally occur in the sync direc-
tion. A Fourier analysis of the
clipped wave shows the phase of the
fundamental component to have

NTSC Phase Specifications

The NTSC color television standards
approved on Ju'y 21, 1953 define basic
phase tolerance in the following man-
ner: The angles of the subcarrier meas-
ured with respect to the burst phase,
when reproducing saturated primaries
and their complements at 75 percent of
full amplitude, shall be within = 10 de-
grees and their amplitudes shall be
within = 20 percent of their specified
values. Closer tolerances may prove to
be practicable and desirable with ad-
vance in the art

been shifted by a small amount.
After bandwidth limitations have
removed the harmonic components
the sine wave is restored at a
slightly reduced amplitude and
with the phase shifted.

Parallel path phase ditferentials
occur in almost every circuit con-
taining active elements. The effect
may result from adjacent-channel
component differences, or from in-
terchannel stray coupling. Both
amplitude and phase differences can
result from such effects. Frequently
the phase differential varies as a
function of signal amplitude and
appears as a changing phase rela-
tionship between color burst and
color picture information. The
effect might easily occur in studio
equipment, where a steady sub-
carrier could combine with a video
signal through stray coupling.

The effect of variable load im-
pedance is best shown by consider-
ing a generator feeding a load made
up of a complex impedance. A
change in either generator or load
impedance can result in an appar-
ent phase shift. A transmitting
tube driven into the grid-current
region by synchronizing pulses can
experience a radical impedance
change and resultant phase distor-
tion,

Each of the above sources of in-
ternal phase shift may result in
changes equal to, or larger than,
the desired 5 deg. In each case, the
angular differential must be care-
fully measured and in many in-
stances appropriate