AN
ocmm 1953 X

PRKE- 7rt:m"

MEDICAL BETATRON
RRADIATES :
PHANTOM MAN




or Milita

UTC was the largest supplier of transformer-componeats in World War
II. Present UTC production is on a similar basis. lllustratad below are a
few of the thousand military types in UTC 1953 production.
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Timber Structures, Inc., of Portland, Oregon, are the
largest producers of engineered timber structures in the
When powelf country. RF is used for pre-gluing scarf joints of lumber
ﬂ . to be laminated into very large arches, and also for gluing

uctvations the firm’s “Timberib” barn rafters on a mass production
o basis. The RF presses were developed by Timber Struc-

aﬂecf processes i tures, Inec., engineers.

Voltage to the four RF generators varied greatly due to
constantly changing loads throughout the plant. The seri-
ous fluctuations necessitated the repair of 5% of total

you NEED
SORENSEN Ac output and scrapping of another 5% as total loss. Unsuc-

cessful attempts were made to remedy the condition

h‘ne l’[egllldfors through the use of additional and separate service trans-

formers.

The local Sorensen representative surveyed the situation
and recommended installation of a 15KVA Sorensen
Regulator. The result — complete elimination of product
loss or damage through erratic voltage.

here,s a cuse ] The installation was made nearly five years ago. Since
L : then — complete satisfaction! The only service required
where instu"ing a by the Sorensen Regulator during this period has been the
: L e installation of one set of new tubes.
SORENSEN We know that a great many manufacturing difficulties are

caused by line fluctuations, most of which could be elim-

Ac REGUI_ATOR inated quickly and economically by Sorensen AC Regu-

ators. Find out more about this, at no obligation, from

€ B your Sorensen representative — write us for his address.
snves $$$ Sorensen & Co., Inc., 375 Fairfield Avenue, Stamford,
in an RF gluing Conn.

process SORENSEN

375 FAIRFIELD AVENUE, STAMFORD, CONN.

»
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AIRCRAFT-MARINE PRODUCTS, INC.
2100 Paxton Street, Harrisburg, Pa.

Aircraft-Marine Products of Canada, Ltd.
1764 Avenue Rd., Toronto 12, Ontario, Canada
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WHAT IS A
“BLIND" RIVET?

It is a type of fastener used to rivet together

two or more pieces of material when access to the
work is possible from only one side.
But SOUTHCO *“Blind” Drive Rivets do

much more than that. They provide maximumstrength

and reduce production costs. For installation you
just hit the pin .. . and the rivet is in. At the same
time, a powerful pull-up force is exerted to produce

the kind of a tight joint you get when a rivet is
bucked from both sides.

There is no finishing operation required with

SOUTHCO Rivets, no wasted material, no noise, no

special tools to0 buy or maintain. Fastening metal

parts is as simple as driving a nail.

FOR EITHER BLIND OR ACCESS APPLICATIONS

Even when there is access to. both sides,
SOUTHCO Drive Rivets are specified because they
make a one-man job of a two-man operation. They

are so simple that costs are reduced through faster

riveting.

For the full story on SOUTHCO Drive Rivets,
write to Southco Division, South Chester Corpora-
tion, 1417 Finance Bldg., Philadelphia 2, Penna.

®
SOUTHCO

- o PAWL « SCREW AND SPRING -«
FASTENERS  DRIVE RIVETS - ANCHOR NUTS »

%L?fa%.zu"ooza . ENGINEERED SPECIALTIES
Rivet and Mis. OFFICES IN PRINCIPAL CITIES

WHEREVER TWO OR MORE PARTS ARE FASTENED TOGETHER; STANDARD AND SPECIAL DESIGNS FOR IMPROVED PERFORMANCE AND LOWER PRODUCTION COSTS

32 Want more information? Use post card on last page. October, 1953 — ELECTRONICS



Well, not exactly, but you can hook-up to receive

weather charts measuring 18" x 22" for hours at

a time without an operator.

If the weather is your concern, or indeed if the

transmission of any graphic material —drawings,

newspapers, legal documents —is a problem,

maybe we can help you; write now.

18" MUFAX CHART RECORDER
TECHNICALITIES

Maximum chart size 18" wide x 22" long
Index of co-operation 576

Helix speed | or 2 r.p.s.
Scanning rate 96 lines/inch

Maximum input signal (black)
+5to —15db ref ImW

Signal frequency AM: 1500¢/s
FM: 1500c/s black
2300c/s white
Power supply 95 — 125V, 60c¢/s
or 200—250V, 50 ¢/s.

MUIRHEAD & CO. LIMITED - BECKENHAM

ELECTRONICS — October, 1953 Want more information? Use post card on last page.
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Ago Month Month Ago Month Month
RECEIVER TV AUDIENCE
PRODUCTION (Source: NBC Research Dept.) Aug.’'52 July ‘53 Aug. ‘53
(Source: RETMA) July ’52 June '53 July ‘53 Sets in Use—total . 18,354,300 24,519,000 24,895,000
Television sets . ...... 198,921 524,479 316,289
Home sets 203,868 287,724 172,197
Clock Radios ... ... .. 61,295 131,144 87,620 BROADCAST STATIONS
Portable sets .. ...... 81,353 239,189 78,434 (Source: FCC) Aug. '52 July '53 Aug. ‘53
Auto sets . ......... 95,220 505,774 336,208 TV Stations on Air 109 224 253
TV Stns CPs—not on air 34 284 270
TV Stns—Applications 855 524 521
AM Stations on Air. .. 2,356 2,466 2,476
RECEIVER SALES AM Stns CPs—not on air 112 122 117
(Source: RETMA) July ‘52 June ‘53 July '53 AM Stns—Applications 291 251 177
Television sets, units. .. ...... 431,089 340,406 FM Stations on Air. . 622 578 579
Radio sets (except auto)  ...... 449,116 366,666 FM Stns CPs—not on air 21 21 18
FM Stns—Applications 12 8 7
RECEIVING TUBE SALES COMMUNICATION AUTHORIZATIONS
(Source: RETMA) July ‘52 June ‘53 July '53 (Source: FCC) June '52 May ‘53 June ‘53
Receiv. tubes, total units 20,944,831 42,505,685 26,462,069 Aeronautical ... .. ... 32,603 42,213 39,315
Receiving tubes, new sets 11,504,503 26,478,801 15,393,307 Marine 35,500 40,076 40,357
Rec. tubes, repiacement 6,795,252 12,965,382 9,480,208 Police, fire, etc _____ 11,143 13,238 13,631
Receiving tubes, gov't. 1,956,905 708,174 313,684 Industrial . ... .. .. 13,680 16,850 17,378
Receiving tubes, export 688,171 2,353,328 1,274,870 Land Transportation . . 5,027 5,830 5,922
Picture tubes, to mfrs. 239,625 517,395 421,248 Amateur . .......... 113,092 111,011 111,289
Citizens Radio ....... 1,401 2,124 3,829
Disaster ... ......... 71 189 191
Experimental . ... .. 488 439 414
SEMICONDUCTOR SALES Common carrier . .. ... 985 1,193 1,214
{Source: RETMA) July ‘52 June ‘53 July ‘53
Germanium Diodes — ...... 1,344,636 3,868,026 EMPLOYMENT AND PAYROLLS
(Source: Bur. Labor Statistics) June ‘52 May ‘53 June ‘53
~———Quarterly Figures ——— Prod. workers, comm. equip. 268,200 408,200-r 400,200
v oo L Av. wkly. earnings, comm. $64.80 $65.20-r $65.93
ear revious atest Av. wkly. earnings, radio $61.58 $62.49-r $63.60
INDUSTRIAL Ago Quarter Quarter Av. weekly hours, comm. 40.5 40.0 -r 40.2
TUBE SALES Av. weekly hours, radio 40.3 39.3 -r 395
(Source: NEMA) 2nd 52 1st’'53 2nd ‘53
Vacuum (non-receiving) ~ $12,110,000  $11,340,000 $10,400,000 STOCK PRICE AVERAGES
Gas or vapor . ....... $3,150,000 $3,140,000  $3,300,000 ) ) ) ,
Phototubes . ... .. $480.000 $930.,000 $700,000 (Sourcg. Standard and P»oor’s) Aug. '52 July '53 Aug. ‘53
Magnetrons and velocity Rad!o—TV & Electronics 291.1 272.4 280.0
modulation tubes . $9,830,000  $10,070,000 $10,500,000 Radio Broadcasters. 279.6 269.3 2748
Gaps and T/R boxes . ..  $2,140,000 $2,050,000  $1,700,000 p—provisional, r—revised
TOTALS FOR FIRST SEVEN MONTHS
FIGURES UF THE YEAR 1952 Total 1952 1953 Percent Change
Television set production 6,096,279 2,517,157 4,150,525 + 648
Radio set production 10,934,872 5,280,079 7,941,001 + 50.3
Television set sales 6,144,990 3,116,306 . ... ..
Radio set sales (except auto) 6,878,547 ... 3,383,862 . .....
Receiving tube sales 368,519,243 181,128,357 269,622,417 48.8
Cathode-ray tube sales 6,120,292 2,084,934 4,571,931 +119.2
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INDUSTRY REPORT

Signal Corps Radio
Uses Five Transistors

A WRIST ragdio worthy of mention in
even the most imaginative comic
strip has been developed by the
Army Signal Corps.

Using five transistors and capable
of receiving stations as much as 40
miles distant, the two and five-
eighths ounce experimental re-
ceiver is contained in a plastic case
two inches long, one and an eighth
inches wide and three quarters of
an inch thick. The small size is
made possible through the use of
transistors and miniature compon-
ents, such as the mercury battery
scarcely larger than the tip of a
pencil. A printed-circuit chassis
is used.

A short antenna and the cord con-
necting the hearing-aid type ear
piece, are concealed by the user’s
sleeve. A miniature on-off switch
and a frequency control knob on the
face of the set are the only adjust-
ments.

The set operates over the upper
part of the standard broadcast band
from 1,000 to 1,500 kec.

Five transistors are used in Signal
Corps wrist radio, which can pull in
broadcast stations 40 miles away

ELECTRONICS — October, 1953
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PROJECT TINKERTOY combines printed-circuit techniques and assembly equip-
ment with a system of equipment design so that a . . .

Robot Plant Makes Electronic Gear

Joint NBS-BuAer project
yields building-block system
for design and production

DEVELOPMENT of a system for the
automatic production of electrenic
equipment was announced Septem-
ber 19 by the Navy Bureau of Aero-
nautics and the National Bureau of
Standards.

The program, code-named Proj-
ect Tinkertoy, resulted in the simul-
taneous development of two sys-
tems: a production system utilizing
automatic fabrication and assem-
bly equipment, and a compatible,
general system of electronic equip-
ment design using a modular con-
cept. The two systems exploit
printed-circuit techniques, the use

WWAAL americanradiohistorv.com

of conducting paints for wires, thin
ceramic capacitors, adhesive-tape
resistors, and automatic dip solder-
ing.

From June, 1950, through June,
1953, approximately $4,700,000 was
allocated by the Navy to the Nation-
al Bureau of Standards for Project
Tinkertoy. About 85 percent of
this amount was expended in the
procurement of equipment from in-
dustry largely through subcon-
tracts.

» Companies Involved—Design and
construction of most of the produc-
tion equipment was done by the
Kaiser Electronics Division of Wil-
lys Motor Co. Some special ma-
chines were also designed and built
by the Doughnut Corp. of America

5



INDUSTRY REPORT— Continued

at Ellicott City, Md. Specially de-
signed automatic production test
equipment was obtained principally
from Communication Measurements
Laboratory, Inc. of Plainfield, N. J.
Some major engineering applica-
tions to equipment were made by
Sanders Associates, Inc., Nashua,
N. H, including environmental
studies of completed units. The
Davis Laboratories, of Riverdale,
Md. and the Navy Post Graduate
School at Monterey, Calif. also ren-
dered assistance in some phases of
the work.

» MDE Design System—The Modu-
lar Design of Electronics system
employs a series of mechanically-
standardized and uniform modules
(or building blocks), producible
within a wide range of electrical
characteristics.

Each module consists of 4 to 6
thin ceramic wafers, bearing vari-
ous circuits associated with an elec-
tronic stage. Individual modules
are combined to form a major sub-
assembly of tubes and components.

-—

» MPE Production System—The
Mechanized Production of Electron-
ics system consists of the mechan-
ized production of ceramic wafers,
titanate capacitors, and tape resist-
ors and their automatic mechanical
assembly and testing. The wafers
and tube sockets are made from a
controlled combination of talec, kao-
lin and barium carbonate. The three
minerals are mixed, filtered and
dried to a powder which is further
refined and loaded into a mechan-
ical device which presses the wafers
or tube sockets and cuts riser-wire
notches.

» Automatic Inspection — During
each stage in the mechanized pro-
duction provision is made for 100-
percent automatic inspection by
both physical gaging and electronic
comparison. Printed circuits, resist-
ors and capacitors are compared
with their electronic equivalents
both before and after assembly by
use of ‘electronic computers, bridge
circuits and other comparison de-
vices. The testing code is contained
on punched cards that accompany

the wafers all through the produc-

tion proeess.

6

INDUSTRY thinks FCC will
formally adopt NTSC color tv
standards before the end of
1953. At Commission’s Sept.
8 deadline, no major objec-
tions had been filed against
adoption. Interest now centers
in date color receivers and
color programs will be gener-
ally available.

Commission is scheduling
color demonstrations and tests
to cover all possible conditions
... various light levels . . . via
coaxial cable and microwave

. close-ups . . . indoor and
outdoor shots, including rapid
motion . . . slides.

Estimates on how many

Color TV Timetable

sets at what price by when
are variable ., . . W. R. G.
Baker of GE says up to 75,000
at $800 next year . . . Emer-
son’s Ben Abrams pledges a
price only 25 percent above
black and white 18 months
after FCC decisions .
CBS thinks first color receiv-
ers will be around $1,000.

Crux of getting color to the
viewers soon seems to be cost
of receiver tube and three-
eyed tv camera . . . RCA
color picture tube is quoted
at anywhere from $175 to
$250 . . . Lawrence tube is
claimed possible at $100 . . .
CBS estimates cost of
matched trio of eamera orthi-
cons at $5,700.

Broadcasting Is Up On All Fronts

Income and employment as well
as wages and taxes have moved
up substantially since 1949

Broap view of the financial pattern
that radio and tv broadcasting has
followed in the past 4 years is seen
in figures recently released by the
Department of Commerce.

People and pay have increased
steadily. A total of 65,000 full and
part-time employees, 11,000 more
than were employed in 1949, were
working for stations last year.
Average annual earnings for full-
time employees increased during
the period, from $4,469 to $5,559.

» Income—Radio and tv broadcast-
ers took in $404 million in 1952. In
1949, the figure was $262 million.
Breakdown for last year’s amount
shows that broadcasting corpora-
tions paid out $339 million in
wages, salaries and extras; $31 mil-
lion in taxes; $23 million in divi-
dends, leaving $7 million as undis-

PEOPLE AND PAY IN RADIO AND TV BROADCASTING
19149
1950
S N S—
1951 PART-TIME EMP
1952 ,-FULL-TIME EMP
E -
Source_Dept Comm
$6 $4 $2 20 40 60
AVG ANNUAL EARNINGS THOUSANDS OF
IN $ THOUSANDS EMPLOYEES

tributed corporate income. The re-
maining $4 million represents in-
come of unincorporated stations.

In 1949, the following payments
were made: wages and salaries,
$227 million; taxes, $16 million;
dividends, $8 million. Undistrib-
uted corporate income amounted to
$9 million. Unincorporated stations
received the remaining $2 million
in 1949.

» Corporations—Most radio and tv
stations are set up as corporate org-

(Continued on page 8)
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New Sylvania ‘
1000-hour TR Tube,
1B63B

. . . the most important advance in
TR Tube design in the past 4 years

Sylvania engineers are engaged in a continuing
program to provide increased dependability and
longer life to their electronic tubes . . . for both
commercial and civilian applications.

One of the most important results of this program
is the recént development of the cermet ignitor
electrode. This new electrode is capable of with-
standing extremely high temperatures for long

WIVN
JILY/ VR

LIGHTING - RADIO - ELECTRONICS - TELEVISION

in Canada: Sylvania Electric (Canada) Ltd.
University Tower Bldg.
L A St. Catherine St., Montreal, P. Q.

periods of time, thus making possible Sylvania’s
1000-hour tube, the 1B63B.

This new ignitor is an important step forward in
TR Tube design . . . one more reason why it pays
to specify SYLVANIA!

For further information concerning the full line of
Sylvania TR and ATR Tubes,  EJim
simply mail the coupon.

Want more information? Use post card on last page.

WWWamericantadiohistornv.com

ylvania ahnounees..

r
: Sylvania Electric Products Inc. :
1 Dept. 3E-1010, 1740 Broadway I
i New York 19, N. Y. - i
| Please send me further data on Sylvania’s improved |
|  1B63B Tube. Also new descriptive folder showing the |
| fullline of TR and ATR Tubes. I
! |
! Name. e — I
| Street |
I I
i (o1 {7 IS —— e Zone. _State i
I I
Be—opsn _ su= soy = = =wmn —— e e el



INDUSTRY -REPORT —Continved

anizations at present. However,
there are still a number of un-
incorporated stations. According to
the Commerce Department, there
are 1,000 stations in the U. S.
owned by entrepreneurs or part-
nerships and the number has re-
mained constant for the past 4
yvears. Nearly all new stations that
have come on the air since 1949
have been set up as corporations.

U. S. Studies Electronic
Employment Trends

Hicu employment in the electronics
industry will not only be sustained
throughout this year but may even
go higher than the top 546,000
workers set in March of this year,
if the brisk radio and tv market
anticipated by manufacturers de-
velops, according to a Labor De-
partment studv of emplovment
trends in the industry.

While indications are that mili-
tary contracts will begin to taper
off the last of the year, it is ex-
pected that there will be substantial
amount of military electronic pro-
duction for several vears, making
use of a sizeable number of work-
ers. In mid-1953, almost 200,000
workers were estimated to be en-
caged in military electronics pro-
duction, according to the report.

» Future—Although radio and tv
set production probably will em-
ploy a smaller proportion of the
industry’s work force in the years
ahead than before Korea, the study
concludes that it will be the most
important determinant of elec-
tronic employment for the next
decade. The report predicts that
while electronic tube manufactur-
ing is likely to decline moderately
after the defense peak, it will re-
main at a high level due to the
large replacement market for
defense equipment along with
growing civilian markets.

Commercial and industrial elec-
troniecs manufacturing is seen as
having great expansion in the fu-
ture but the report notes that this
segment of the industry employs
only a relatively small part of the
electronics work force.

-+
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THIRTY-YEAR trend in transocean telegraph shows clear crossover point, as . .

Wireless Finally Passes Cable

Radiotelegraph carriers
handle most paid traffic;
overseas phone calls rise

THREE dots picked out of the sther
at St. Johns, Newfoundland a half
century ago marked the birth of a
precocious infant in the world of
communications.

Proponents of transoceanic radio-
telegraph were quick to foretell the
demise of the ocean cable and the
rapid ascendancy of the new art.
However, change is not always
accomplished overnight even in elec-
tronics and it has only been within
the past two years that Marconi’s
brainchild, now matured to a mel-
low middle age, has become the
prime carrier of international com-
munications.

» Trends—The chart depicts thirty
years of international communica-
tions in and out of the United
States. A steady growth in radio-
telegraph traffic is evident through
the vears.

The large decline in traffic during
the war years may be misleading
since only paid messages are count-
ed. During the war, both radio and
cable facilities were placed at the
disposal of the government and total
traffic for the period is not available.
The smaller peaks and valleys pri-
marily denote world business fluc-
tuations.

The ocean-cable businesgs, already

a mature industry in the early twen-
ties, shows a slight decline. How-
ever, the cables are still vital and
for several reasons, particularly
their use in diplomatic communica-
tions, will retain an important role
for many years to come. (Note:
Prior to 1942 ocean-cable traffic fig-
ures were made available only at 5-
vear intervals.)

» Radio Expansion — Radiotele-
graph carriers have been steadily
expanding their plants. In 1948, 69
countries were linked with the U. S.
by radiotelegraph circuits; by 1952
this had grown to 84. Traffic han-
dling capacity has likewise been
upped by increasing use of auto-
matic equipment and various kinds
of multiplex systems. Customer con-
venience has been enhanced by pri-
vate-line arrangements that make
international communications as
simple as typing a memo.

» Transients—The marked postwar
decline in cable traffic is largely
accounted for by a reduction in the
number of messages transiting the
U. 8. on their way to other coun-
tries. Traditionally these messages
have made at least one leg of their
journey over the important North
Atlantic cable circuits. In recent
vears, there has been a trend to
direct radiotelegraph communica-
tion even between the smaller coun-

(Continued on page 10)
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is why Sprague
Type DFP Twist-Loks"
are the preferred

ELECTROLYTIC
CAPACITORS

Leading television set makers rely on Sprague

as their major source for electrolytic capacitors.

Stability under maximum operating conditions
plus outstandingly l-o-n-g service life are the

engineering reasons for this preference.

From the business stJndpoint, it makes good
sense to deal with a supplier whose quality of
product is uniformly excellent and who has the

largest production facilities in the industry.

And now a new plant is being completed t0
permit Sprague to accept an even larger portion

of your requirements.

SPRAGUE ELECTRIC COMPANY
35 Marshall St., North Adams, Massachusetts

*Trodemark

in the design of equipment using :

electrolytic capacitors. WORLD’S LARGEST CAPACITOR MANUFACTURER

Sprague, on requesf, will provide
you with complete application en-

gineering service for optimum results

ELECTRONICS — October, 1953 Want more information? Use post card on last page. 9
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OPERATING REVENUES OF US.
RADIOTELEGRAPH AND OCEAN-CABLE
CARRIERS— 1951

1

INTERNATIONAL
TEL & TEL /

#101 v
MILLION
RCA

COMMUNICATIONS

$104
MILLION

\

1
| NCLUDES ALL-AMERICAN CABLES & RADIQ,
COMMERCIAL CABLE , MACKAY RADIO & TEL

ALL OTHERS 7
33 4
MILLION,/
WESTERN
UNNON
870
MILLION

tries of the world.

A drop in cable traffic also
occurred when the Commercial Pa-
cific Cable suspended operations in
November 1951. Transpacific traffic

i1z now handiled by radiotelegraph.

> Telephone—A bustling parvenu in
the communications picture is ra-
diotelephone. From a prewar aver-
age of 50,000 paid calls yearly, in-
ternational telephone now handles
nearly one million calls a year. Ra-
diotelephone service is available to
93 countries as against 81 in 1948.

Increasing use of single sideband
and multiplexing equipment is an
important trend in radiotelephone
too.

» Economics International tele-
graph is a thirty-million-dollar busi-
ness. Profits aceruing to the stock-
holders are, however frequently
measured in only five figures—even
for large companies. The pie-chart
illustrates how the three largest in-
terocean carriers divide the total.

Where TV Sales Are Higher This Year

WHERE TV SALES INCREASED
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PENNSYLVANIA led all other states
in increased tv set business for the

first six months of 1953 with a 75,-.

000 unit increase over shipments
for the same period last year.
Thirteen other states, shown in

10

bar chart, had increases of over 20,-
000 sets each. Far and mid-west
states fared best in increased sales.
All states had a higher volume ex-
cept Connecticut, Delaware, New
Jersey and Rhode Island.

Supply of Technicians
Is Critically Short

Lack of subprofessional aids
aggravates engineer shortage;
training programs lagging

ELECTRONICS engineers are still
critically short in number and
college enrollment figures indicate
that the shortage will persist at
least through 1956. Industry can
make the best use of available en-
gineers by freeing professionally
trained engineers from routine
chores and aiding them in imple-
menting their designs. Both these
tasks require well-trained tech-
nicians and competent craftsmen.
Unfortunately, the supply of
qualified electronics technicians is
also critically short and apprentice
training has been on the downgrade
for some time.

» Technical Institutes—Technician
training is the function of 67 tech-
nical institutes throughout the
U.S. Toal enrollment, including
part-time and evening students, is
over 50,000. Eleven of these schools
with a full-time enrollment of 1,858
and a part-time enrollment of 1,594
are devoted entirely to training
electronics technicians; 38 other
schools offer courses in electronics
to their 13,303 full and 22,877 part-
time students. The schools include
state and municipal institutes, pri-
vate endowed and proprietary insti-
tutes, extension divisions of col-
leges and universities and YMCA
schools.

» Management—Proprietary insti-
tutes have long held the lead in
electronics training. But the bal-
ance is shifting as college extension
programs expand rapidly. In 1951,
90 percent of all electronics tech-
nicians came from proprietary
schools as against 81 percent in
1952, Graduates of college exten-
sion programs accounted for 1%
percent of the class of 1951 and
113 percent of 1952 graduates.

» Curriculum—Technical institutes
offer intensive training in vacuum-

(Continued on page 14)
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Model 1 Radiohm

Miniature

0 VARIABLE RESISORS

| — to meet your requirements

i ;

Model 2 Radiochm

Model 2 Radiohm
(including JAN types)

S
Wirewound Radiohm
Three watts

for immediate
production needs

Series 20 Miniature
with a. ¢ line switch

- Series 30
Dual Concentric
Switch and Control

M
Series 30

Dual Concentric
Control and Switch

J
$ 3

Series 30
Dual Concentric
Dual Switch

Lever Switch

[3) caracironsd

e add

BC Tubular

BC Discs

AN

o e

Stand-off

Button-Style

Feed-Thru HI-KAPS”®

'PRINTED ELECTRONIC CIRCUITS

Miniature

Feed-Thru HI-KAPS®

High Accuracy
Capacitors

Miniature Resistorand

Resistor-CapacitorUnits

Filpec
(balanced load
diode filter)

Standard Triode
Couplate®

Vertical Integrator

Special Plates
to suit manufacturer's
requirements

Audet®
Audio-detector plate

&

pc-180
12 345 6789

Pendet th
(Pentode detector
coupler)
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Model I Ampec®
Standard 3-stage
amplifier



Compentrol th
Infinitely variable
loudness control

Series 20 Miniature
Phenolic insulation

|

possible

Series 20 Miniature
Ceramic insulation

Tone Switch

Transmitting
Capacitors

Tubular

Ceramic Trimmer

Midget Triode
Couplate th

Model Ill Ampec®
Miniature 3-stage
amplifier

Filplate
(by-pass & filter
application)

Custom Ceramics
(Steatite, Centradite,
Zirconite.)

Metalized Ceramics
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For Sale!|

These and 100,001
other Centralab quality
electronic components

WHETHER you buy electronic components in

small lots or by the carload — no other single
manufacturer can offer you such a wide choice in §
standard or special units. That's why Centralab is the
industry’s No. 1 clectronic components source. Con-
sider these facts:

A A\ e

W

® Centralab has pionecred more electronic “frsts’
any other manufacturer in the field.

than .

® Introduced Printed Electronic Circuits — more than
30,000,000 in use, offering a new concept in reducing
extra parts, time, errors and costs.

® Centralab ceramics are second to none — you can ob- .
tain grade L5 and L6 Sicatite.

® You can count on the production facilities of
conveniently located plants.

oVEN

® Over 200 research and production engincers are con- -
stantly secking to improve present CRL products

® Unparalleled engincering assistance offered in the devel-
opment of components for specific TV. FM, military
and commercial electronic requirements.

You can rely on Centralab clectronic components.
Each is the result of more than 30 years' experience
working in cooperation ‘'with manufacturcrs all over
the world. For complete performance data on products
shown — and ¢ngincering specifications — check in-
formation wanted and mail the coupon,

$Trademark

A Division of Globe-Union Inc.
Milwaukee 1, Wisconsin

In Canada, Box 208, Ajox, Canada
r-------------.

Centralab, A Division of Globe-Union Inc.
l 914-3 E. Keefe Ave., Milwaukee 1, Wis.

Pleasc send me information on these Centralab products:
I 0 Controls [0 Switches [0 Capacitors
l {3 Printed Electronic Circuits {J Ceramicss
l Name. LTitle.
I COMPANY....ceveeieeiiee e
I Address ..
l City..... L] ¢ (T —
B
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tube technology, basic science and
mathematics. Options are available
in radio and television, electronics,
and industrial instrumentation.
Graduates qualify for various posi-
tions in plants and laboratories.
These positions range from produc-
tion-line tester to junior engineer.
Placement figures for a typical
class in advanced electronic tech-
nology give the following percent-
age breakdown by job title:

Job Title Percent
Junior engineer ............... 8.8
Laboratory technician ......... 37.0
Instructor .................... 9.6
Transmitter engineer (radio)... 12.8
Tv technician (production)..... 24.3
Tv final tester (production).... 7.6

100.0

» Typical School-—A branch of New
York State University, the Long
Island Agricultural and Technical
Institute at Farmingdale offers
study options in radio communica-
tions, electronic equipment and in-
dustrial instrumentation. Full-time
students take an intensive two-
year course that presents roughly
the technical content of a four-year
E. E. course less the advanced math
and design problems. Since 1948,
274 students have been graduated
in the electrical-technology cur-
riculum.

»Job History—A typical 1948
graduate shows that his first job
was as a production technician,
later moving to production super-
visor and finally taking charge of a
line. Thirty-three 1952 graduates
responding to a job questionnaire
listed their occupations as follows:
junior engineer, 2; customer engi-
neer, 3; transmitter engineer, 1;
instructor, 1; technician, 6; tester,
15; instrument repairman, 1; util-
ity layout man, 1; meter man, 1;
and electrician’s helper, 2.

In addition, the institute runs an
evening division in which electron-
ics courses are also offered. About
250 students are participating.
Regular courses include radio and
tv servicing and are pursued both
vocationally and avocationally. Spe-
cial courses are frequently run in
conjunction with local industry for
upgrading personnel,

» Craftsmen—Industry is likewise
plagued by a manpower shortage
on the skilled craftsman level. Here
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the shortage is being combatted
chiefly through in-plant apprentice-
training and skill-improvement
programs. A survey of 510 elec-
tronies plants showed 1,756 appren-
tices training—largely in the metal
trades. Other in-plant training,
mostly short term, was being given

to 30,439 workers. Training pro-
grams are confined mainly to larger
establishments; 62 percent of the
plants with 5,000 or more workers
maintained training programs
while among plants having 100 or
fewer employees, only 14 percent
had training programs.

5 2

NTSC CHAIRMAN W. R. G. Baker presents FCC Chairman Rosel H. Hyde
52 pounds of technical documents supporting the NTSC-proposed color tele-

vision standards while . . .

Hopes Run High For Color TV In 1954

Early adoption of new
standards seen spurring
receivers and programming

POINTING UP the electronic indus-
try’s almost unanimous support
of FCC’s proposed adoption of
NTSC color television standards
was the formal presentation of
fifty-two pounds of technical doc-
uments. W. R. G. Baker, chairman
of NTSC, handed over 3,823 pages
of data representing a million en-
gineering man-hours to FCC Chair-
man Rosel H. Hyde. The $10 mil-
lion cost of this research was borne
by the industry.

Besides their concurrence in the
NTSC petition, several companies
independently filed endorsements.

WwWwWwW americanradiohistorv com

They included Admiral, GE, Hazel-
tine, Motorola, Philco, RCA and
Sylvania. CBS, whose incompati-
ble system is favored by existing
rules, came out strongly for the
new standards.

Objections by U. A. Sanabria’s
American Television, Inc. were eco-
nomic rather than technical; want
the Department of Commerce to
study the effect upon industry and
the general economy before final
FCC action.

» Closing the Books—Interested
parties filed all petitions and com-
ments with FCC by Sept. 23, at
which time the books closed and
the Commission began its final
deliberations. In the opinion of

{Continued on page 16)
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SHOCK - VIBRATION — NOISE

A PHOTO-ENGRAVER'S CAMERA MEET DEMANDS OF MILITARY SERVICE

“floated” on Barrymounts, is iso- Barry unit vibration iselators and
lated from floor vibrations. Result: mounting bases proiect delicate
sharper images and faster opera- electronic equipment in military
tion. aircraft and in guided missiles.

GRINDER ACCURACY PROTECTED INSTRUMENT AND CONTROL PANELS

Barrymounts, used to isolate mounted on Barry isclators, are

grinders from building-borne vi- unaffected by vibration from

bration, eliminale chatter marks. nearby heavy machinery. Result:

Result: higher output and better sensitive adjustments “stay put,”

finish. and frequent recalibrations are
avoided.

IN ANY FIELD OF MILITARY OR INDUSTRIAL INTEREST

the wide range of Barry products, and the experience of Barry engi-
neers, can help you solve shock, vibration, and noise problems. Call
our nearby sales representative, or write directly to us.

wBARRY v

707 PLEASANT ST.. WATERTOWN 72, MASSACHUSETTS

- SALES REPRESENTATIVES IN
- Aﬂ.l’ﬂ lal’l,norc Chlcuq. ;hvclnnd Dalias Dayton D-Orcl' os Anq-lu Nllnnpnlh New York

: ﬂllcddyhin Phoenix - l-chrhr $?. Louis San Frnnduo Son”h 'l'-rcnu Washingtan
L =
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INDUSTRY REPORT—Continued

industry leaders, the outcome is
bound to be favorable, but will not
be announced until around the first
of the year.

» Pioneer Lookers—Because there
are always lobbyists, engineers
and others able or willing to pay
some $1,000 for an early model, the
first color programs will not be
seen merely by the vast audience
with monochrome receivers. By
the end of 1954, according to one
estimate, there may be upwards of
75,000 color receivers in operation.

Engineers will have at least a
vear of grace in which to get the
bugs out of their more complex
equipment; studio technicians will
learn to handle stronger lights.

Instrument Business
Sets Volume Record

Shipments have increased
$100 million in 5 years
and expansion continues

VALUE of electrical instrument ship-
ments reached a total of over $273
million last year, an increase of $117
million over 1947 shipments, accord-
ing to figures released by the Bu-
reau of Census. The volume con-
firms the growth of the business
that has been evident from the plant
expansions and acquisitions of
firms in the field during the past
few years.

» Breakdown — Census divides
measuring instruments into three
groups, integrating instruments,
test equipment and other instru-
ments. Of the three, test equipment
for testing electrical, radio and
communications circuits and motors
was the big item, accounting for
$139 million of the grand total last
vear. The other categories ac-
counted for $58 million and $75 mil-
lion respectively. In 1949 test
equipment shipments were valued
at $54 million while integrating
instruments totaled $63 million
and other measuring instruments
reached a volume of $37 million.

» Companies—Indication of how
companies in the field fared last
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year is seen in the following sales
figures taken from a list compiled
by the National City Bank of New
York:

1952 Sales
Company (Thousands)
Applied Research Labs....... $2,954
Beckman Instruments ....... 14,400
Consol. Eng. Corp............ 8,001
Norden Laboratories ........ 3,252
Nuclear Instrument ......... 1,178
Servomechanisms ......... .. 10,152
Taylor Instrument .......... 21,623
Telecomputing Corp. ...... .. 1.665
Tracerlab .......... .. 12,275
Ultrasonic Corp. ......... . .. 2,108
Victoreen Instrument ...... .. 1,803
Vitro Manufacturing ..... ... 2,240

» Expansions—Further indication
of the growth of the instrument
business is seen in the following
plant expansions and acquisitions
that have been announced since the

VALUE OF INSTRUMENT SHIPMENTS
300

SOURCE BUR OF CENSUS

200

100

MILLIONS OF DOLLARS

first of the year by companies in
the field:

American Car & Foundry entered
the business recently with the pur-
chase of Avion Instruments; Beck-
man Instruments has announced
plans for a $2 million plant in Cali-
fornia and has opened a large new
plant in New Jersey; Bendix en-
tered the field with the purchase of
the Ultra-Viscoson, a device that
meters fluid flow; DulMont opened
a 118,000 sq ft plant for the manu-
facture of cathode-ray instruments
this year; T. A. Edison acquired
Measurements Corp.; General In-
strument has acquired a fourth
plant; G. M. Giannini built a $500,-
000 plant and opened a European
subsidiary; Texas Instruments is
completing a $1 million plant in
Dallas.

» Abroad—Companies overseas are

also cashing in on increasing in-
strument business. H. F. Dever,

president of Brown Instrument Di-
vision of Minneapolis Honeywell
estimated that the use of instru-
mentation and automatic control
equipment in Great Britain and on
the continent had increased at least
50 percent since the end of World
War II.

U. S. Surveys TV
Purchasing Plans

More people plan to buy
receivers this year than last
and expect higher cost

PROPORTION of people planning to
buy tv sets this year increased sub-
stantially over the proportion with
such plans last year, according to
the Federal Reserve’s survey of con-
sumer finances made early this year.
The higher level of tv sales so far
this year seems to substantiate the
survey’s results.

According to the study of all ap-
pliance purchases planned in 1953,
ranging from tv to washing ma-
chines, plans to buy tv sets showed
the largest increase along with fur-
niture. The figure for those
people with definite or probable
plans to buy tv sets increased by 3
percent since 1951. The proportion
of those people that only indicated
uncertain tv spending plans also in-
creased in the two-year period by
1.4 percent.

» Cost—Although the percentage of
respondents to the survey expect-
ing prices in general to be stable or
to decline during 1953 was much
larger than a year earlier, the
amount to be spent on specific items
was expected to be greater. For tv
sets, people expected to spend $250
in 1951, 8300 in 1952 and $320 in
1953.

»Income Factor—The survey
shows that in 1952 people with in--
comes of $5,000 or more purchased
tv sets much less frequently than in
1951 while the lower income
brackets bought at about the same
or a slightly higher rate. This dif-
ference probably reflects the ac-

(Continued on page 18)
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with the

Brush and track on

type

face of winding instead of periphery;
for panei mounting, dial reversible to
read 0-115 or 0-135 volts, output;
34-inch insulated shaft; improved
terminal plate with circuit and con-
nections clearly shown; G-R unit

The new Type V-2 VARIAC is the latest addition to the
popular “V” series of VARIAC continuously-adjustable autotrans-
formers. With a power rating of twice that of the Type 200-B, it is intended

eventually to supplant the latter.

The Type V-2 represents a zonsiderable improvement over the
200-B, making it even more adaptable to a wide variety of applications
where a relatively low-power, moderately-priced, a-c voltage control with
all of the latest exclusive VARIAC features is needed. Its electrical and

mechanical features include:

New DURATRAK brush-track coating

Load rating of 0.345 kva
(instead of 0.17 kva)

QOutput voltages continuously adjustable
from 0 to 135 v, or 0 to 115 v,

Line frequency 50 to 60 cycles; no load
loss at 60 c.: less than 3.5 watts

iy,
\%\\\\ )

Standard mounting holes
(interchangeable with Type 200-B)

Considerably less panel space

Metal Base for improved cooling
and added strength

More rugged stops
G-R Unit Brush construction

oyn
ALL v
m——,

>, Tk, brush; metal base

Terminal board with circuit and
connections clearly shown

Molded knob-pointer and reversibie dial
plate for panel installation

Meets applicabie requirements of Military
Specification for Transformers: MIL-T-27

Moderate Price: $12.50

TYPE VARIACS

= HAVE/VFWDUI'Q"MI( CONSTRUCTION

== for Increased Performance

N The new DURATRAK brush-

v J track coating eliminates all brush
; track oxidization problems which
formerly might become critical under
severe conditions of operation.

DURATRAK construction adds
these features to increase the utility
of VARIACS:

Long Life — insures a life as long as

The new DURATRAK coaﬁng is one of the mos: important
improvements in YVARIACS; another step in tke contomuing
process of development which makes the VARIAT the best

that of fixed-ratio power transformers

Even Longer Life

operaled al rated loads

Unaffected By Surges — VARIACS with
DURATRAK will withstand initial
surges as high as len limes raled
curreni

Minimum Maintenance — the brush (rack
will mot deleriorale under normal
operalion — only maintenance needed
is oeccasional wiping of lrack with
alcohol-moistened rag

®

voltage comtral available

GENERAL RADIO Company

275 Massachusetts Avenve, Cambridge 39, Massachusetts, U.S. A.

90 West St. NEW YORK 6 920 S. MichiganiAve. CHCAQO S 1000 N. Seward St. LOS ANGELES 38,

Write for the NEW VARIAC BULLETIN for Complete Specifications

Admitlance Melers ¥ Coazial Elements % Decade Capacitors
Decade Inductors ¢ Decads Resistors % Distoriion Melers
Frequency Malers¥x Frequency Standards % Geiger Counlers
Impedance Bridges %t Medulation Melers % Qscillators
Variacs ¥ Light Melers ¥t Megohmmelers & Molor Controls
Noise Meters %t Null Defectors % Precision Capacilors

Pulse Generators & Signal Generalors %t Vibration Meless tr Stroboscopes % Wave Filters
U-H-F Measuring Equipment ¥ V-T Voltmelers v Wave Analyzers vt Polariscopes
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quisition of sets by the higher
income groups in previous years.

In early 1952, more than one-half
of the respondents with incomes of
$5,000 or more owned tv sets as
compared with much smaller pro-
portions among the lower income
groups.

» Where—Nearly one-half of the
people surveyed in northeastern
states owned sets in early 1952 in
contrast to about three-tenths in the
west and one-eighth in the south.

Electronic Firms Size
Up The Sales Dollar

Material and labor costs
took almost 90 cents from
each consumer dollar collected

SHINY SALES FIGURES set down by
companies in the electronics field so
far this year lose some of their lus-
ter when an analysis is made of
where sales dollars go. Last year,
for every dollar collected from cus-
tomers by eight major electronic
manufacturers, only 2.5 cents was
left, by the time all bills were paid,
for payments to shareholders and
for reinvestment in the business.
This year, the amount may be even
smaller if material and labor costs
keep rising and cannot be offset by
price increases.

In 1952, materials, supplies and
services bought from outside sup-
pliers by these companies took 52.8
cents out of each sales dollar. Em-
ployment costs took an additional
36.2 cents, taxes accounted for 6.3
cents, depreciation cost 2.2 cents
for each dollar leaving 1.2 cents for
shareholders and 1.3 cents for rein-
vestment in the business.

» Companies—Breakdown of expen-
ditures for each of the eight firms
varied considerably, however, for
some of the items. For materials,
top payment was 66.4 cents of each
sales dollar. The low was 42.3
cents., Wages ranged from 28.2
cents to 41.5 cents. Taxes also
varied widely from 2.1 cents to 16.4
cents. Payments for depreciation, to
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HOW EIGHT ELECTRONIC FIRMS SPENT
THE SALES DOLLAR IN 1952

36.2¢
WAGES, SALARIES
AND BENEFITS

S528¢
MATERIALS,
SUPPLIES,
ETC.

DEPRECIATION

i ~1.3¢ REINVESTED
STOCKHOLDERS 1.2¢ LA

IN BUSINESS

shareholders and for reinvestment
in the business were relatively con-
stant for the group during 1952.

» Changes—Compared to 1951, ma-
terial costs for many electronic
manufacturers went up substan-
tially last year, as much as 5 cents
for each sales dollar collected, in
some cases. Higher sales volume last
year over 1951 dropped labor’s per-
centage of the sales dollar however,
even though the total cost was high-
er. Other items showed relatively
little change for the years 1951
and 1952.

Indications are that material and
labor costs are taking a still bigger
bite out of the sales dollar this year.
Most recent price increases have
been blamed on rising labor and
material costs. However, rising
sales may lower the percentage.

ALUMINIZED picture tube output gains in volume as . . .

Picture Tube Makers Expand Plants

Some tube manufacturers are
jumping on the aluminizing
bandwagon; others hold out

TELEVISION picture tube production
is way ahead of last year’s output
vet some manufacturers are still ex-
panding facilities and expect even
greater production in the future.
Output of picture tubes through
July of this year is more than

WWW. americanradiohistory com

double last year’s production for the
period.

» Pro—One reason for the plant ex-
pansions in the face of present high
output is that some companies see
a continuing rise in the demand for
aluminized tubes from set-makers
and they want to be ready for it.
They feel that, like the rectangular

{Continued on page 20)
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esigners —The right tube...find it with G.Es

NEW SPOT-RATING SERVICE
ON THYRATRONS!

OUR electronic circuit may require a con-

trol tube with special performance. Even
General Electric’'s 36 thyratrons—largest
choice in the industry—may not include a type
whose published ratings are identical with the
tube you need.

Here G. E.’s Thvratron Spot-rating Service
takes over. Published tube ratings, such as
those listed on this page, apply to only one set
of pre-established conditions. Under different
circuit conditions, a G-E thyratron’s voltage
or current capacity may be greater. For exam-

ple, if your peak voltage is less than 1250 v,
Type GL-3C23 in practice may be found able
to handle in excess of 1.5 amp current.

General Electric always is glad to recom-
mend such possibilities, after study. You can
have a thyratron that custom-fits your circuit—
at the same time, one that’s industry-tested for
performance. You will save by installing a
type already in large production! ... With the
list below as your guide, write pinpointing
your thyratron needs! General Electric Com-
pany, Tube Department, Schenectady 5, N. Y.

FOR EVERY APPLICATION, A CHOICE OF PROVED G-E THYRATRONS!
Primary application and type number A:e"r‘;ge :f::: P?:'\fe::e"s' Primary application and type number Avue’:‘u:e l;e:l; Pei:te\;::s,
MOTOR CONTROL GL-393-A [ s | 6 1250
GL-ClJ 1 g | 700 FG-27-A 25 | 10 1000
GlL-3C23 1.5 6 1250 GL-5728/FG-67 25 | s 1000
GL-5720/FG-33 (3 electrodes) 2.5 15 1000 GL-5830/FG-41 125 | 75 10000
GL-5560/FG-95 (4 electrodes) 2.5 15 1000 HIGH CURRENT AMPLIFICATION] i
GL-5544 32 | 40 1500 GL-5663 002 | 006 500
FG-172 B 6.4 ! 40 | 2000 [T GL.2D2) o1 05 1300
FG-105 6.4 40 2500 GL-5727 (special heater-cathode (onstrunion)! 01 0.5 1300
GL-6044 B 64 | 77 B0} GL-502-A (metal) [ o1 | 1 1300
GL-5545 _ | 64 | 80 | 1500 GL-2050 (glass) X 1300
Gl-414 125 | 100 2000 | GL-627 } [ 0.64 2.5 2500
GL-5855 12.5 150 1500 GL-678 ]_—]Z 6 15000
WELDING CONTROL ] FG-154 L 25 10 500
GL-5560/FG-95 os [ 30 1000 GL-5559/FG-57 [ 25 | s 1000
GL-5632 (gas) 2.5 ! 30 | 220__ T GL-672-A J 3.2 | 40 I 2500 |
R g 0sy0h WVl 25 | 30 | 1250 [T"MODULATOR SERVICE )
. FG-172 (metall |25 L) GL-6130 0045 | 35 | 3000
1 FG-105 (glass) 25 ” g GL-5948 [ [ 7000 | 25000
REGULATED POWER SUPPLY | SPECIAL APPLICATIONS !
FG-81-A (3 electrodes) 05 2 500 *GL-5662 (fuse tube) 200 |
FG-98-A (4 electrodes) 0.5 2 500 **GL-885 (2.5-v heater) | 0075 03 350
FG-97 05 2 1000 **GL-884 (6.3-v heater) | oo7s| 03 | 350
GL-5557/FG-17 0.5 2 5000 *for electronic-blanket control **for oscilloscope sweep circuits
.17/7\“ -
= 77 v nu“'\"‘-‘,v\ g
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INDUSTRY REPORT—Continued

tube, the aluminized tube is here to
stay and is a feature that will not
be by-passed.

Aluminizing proponents estimate
that it increases the light output by
approximately 2 to 1 over nonalu-
minized tubes. They say that the
tubes enable set makers to use
smaller power tubes because of the
increased brightness. One major
tube maker now estimates that alu-
minized tubes account for half of
its total production and may reach
75 percent when new facilities are
completed.

» Other side—But not all tube
manufacturers are convinced that
aluminizing is worth the problems
that it brings about. Dissenters
point out that the aluminizing
operation takes as much space as
the exhausting operation and sub-
stantially decreases the number of
tubes that can be produced in a day.

With rejects higher and costs up
between 10 and 15 percent on each
tube, these companies do not at
present favor the operation. They
say the difference in picture bright-
ness is affected by viewing condi-
tions so that in the wrong light, the
difference in picture brightness is
not noticeable. They also point out,
that despite statements made by
aluminizing proponents, the de-
mand for the tubes has not been
an important factor.

Radio-TV Fair Trade
Hearing Set By FTC

THE Federal Trade Commission
has announced a hearing on pro-
posed business rules for the radio
and television industry to be held
in Washington at the TFederal
Trade Commission Building on Oc-
tober 8th.

The business rules represent a
proposed revision and extension of
rules promulgated in 1939 for the
radio receiving set manufacturing
industry (ELECTRONICS, March,
1952, p. 6). Rules have to do
with misbranding, misrepresenta-
tion and deceptive selling methods.

The purpose of the proceedings
is to provide for a cooperative pre-
vention of unfair and deceptive

20

practices in the radio and television
industry. Interested parties may
submit their views not later than
October 8th, at which time they
will be given an opportunity to be
heard orally. Copies of the pro-
posed rules may be obtained from
the Commission,

Industrial Television
Sales Outlook Is Bright

Companies see $6 million in
sales for this year as appli-
cations and output increase

DESPITE the large amount of promo-
tion that industrial television has
received, sales of equipment in the
past have not been large. But now,
with more companies in the field,
better equipment and lower prices,
sales of the units have become sub-
stantial and manufacturers esti-
mates indicate that sales this year
may reach $6 million, a ten-fold in-
crease over last yvear’s estimated
business.

This year prices roughly average
$2,000 for a camera and the predic-
tion of $6 million in sales represents
the beginning of sizable production.
The vidicon tube has come down in
price, from approximately $500 at
its introduction to a July price of
about $345. Sales managers and
customers agree that similar price
reductions have been a main factor
accounting for sales increases this
vear. They expect prices to be even
lower next year.

» Applications—Finding new ways
to use tv is still a problem, despite
price reductions. One company re-
cently demonstrated that the equip-
ment could be used in a butcher
shop to show shoppers at the counter
choice cuts of meat from inside the
icebox. The military is also taking
to tv. GI’s trucked cameras to mock
battle lines so that brass hats could
witness the progress of battle as it
took place.

Perhaps the most unusual appli-
cation made recently took place in
Hollywood, California. There the
equipment was used to detect a

2INDUSTRIAL TV SALES ESTIMATES
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gang of thieves in the act of pilfer-
ing the stockroom of an RCA tele-
vision service branch. The camera,
concealed in the rafters and focused
on the loading platform, gave Holly-
wood police watching a receiver in
an upstairs room a front-row seat.

Financial Roundup

BRrIGHT profits for this year con-
tinued to be reported by companies
in the electronics field along with
new security transactions. In al-
most every case, firm’s reported
earnings substantially above those
for similar periods in 1952. For 19
companies, the net profit picture
for six months looked as follows:

Net Profit

Company 1953 1852
American Phenolic $688,889 $573,651
AT&ET .......... 204,994,197 174,946,339
Arvin (3 m)..... 910,596 778,639
Audio Devices. .. 74,165 53,883
Bendix ( m)..... 4,021,952 3,707,119
Clevite Corp. .... 2,015,419 1,786,379
CBS (26 wks)... 1,003,377 2,851,415
Daystrom (3 m).. 324,219 401,499
Decca Records .. 130,063 270,923
T. A. Edison.. ... 560.227 316,095
Federal Mfg. &

Eng. (12 m)... 176,783 212,696
General Precision. 1,469,067 361,112
IBM e[ eimaidFi 15,575,997 13,937,142
Sangamo Electric 1,186,714 1,027,749
Servomechanisms. 183,716 179,040
SPErrY sz g 7,997,470 6,575.265
Standard Coil .. . 2,736,431 1.490,547
Webster-Chicago . 315,973 272,432

*Loss

» Offerings—G. M. Giannini offered
an issue of 18,316 shares of com-
mon stock (par $1) at $12 per
share. Proceeds will be used for
general corporate purposes.
Soundscriber offered to common
stockholders the right to subscribe
for 15,588 additional shares of com-
mon (no par) at $6.25 per share,
at the rate of 1 new for 7% shares

(Continued on page 22)
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BIGGER—BETTER

Picture Tubes

®
Excellorce en Eleclronics

3

The very newest equipment, and
the most advanced production tech-
niques combine in this great new
Raytheon plant, to produce the finest
quality big screen (217, 247, 27”)
TV Picture Tubes ever made.

To make possible efficient mass
production of giant size picture tubes,
Raytheon had to originate specifica-
tions for some of the world’s largest
tube manufacturing units.

Under this one roof, to insure per-
fect screens and most economical
production, you’ll find
— THE WORLD'S LARGEST SETTLING CON-

VEYOR, capable of handling two hundred
and ten 27" tubes at a time

— A BAKE-OUT OVEN 103 FEET LONG; the
largest built

]
!

]
]
1
/
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>

— THE BIGGEST EXHAUST MACHINE EVER
BUILT; 303 feetlong:a steel-lined, electrically
fired beauty that conveys the big tubes
smoothly on specially designed tube car-
riers supported from the side instead of on
undesirable floor rcils

Add to these major manufacturing
miracles, mechanical handling, auto-
matic testing znd super-automatic
processing equipment that (1) flashes
the getter, (2) bases the tube, (3)
solders the leads to the base, (4)
sparks the tube, (5) ages the tube.

It totals up to this:

RAYTHEON PICTURE TUBES
are

Zight jor Sight!

Receiving lube Division — for ;pplicu'ion information call

Newton, Mass. Blgelow 4-7500 @ Chicago, Ifl. NAtional 2-2770 @ New York, N. Y. WHitehall 3-4980 @ Los Angeles, Catif. Richmond 7-5524

llm&[ SUBMINIATURE AND MINIATURE TUBES, - GERMANTIM DIODES AND TRANSISTORS . NUCLEONIC TUBES . MICROWAVE TUBES . RECEIVING AND PICTORE TUBE:

ELECTRONICS — October, 1953
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INDUSTRY REPORT— Centinuea

held. Proceeds are for notes and
general corporate purposes.

» Filings—Raytheon filed with SEC
covering 6,000 shares of common
(par $5) to be offered at market
(estimated $9.75 per share). Pro-
ceeds are to be used for general
corporate purposes.

Clary Multiplier filed with SEC
covering 30,000 shares of common
(par $1) to be offered at market
(approximately $6.75 per share).
Net proceeds are to be used for
working capital.

Dynatronics of Reno, Nevada
filed with SEC covering 200,000
shares of common stock to be of-
fered at par ($1 per share). Pro-
ceeds are to be used for working
capital for electronic equipment.

British Setmakers

Radio show spotlights
$350-million industry;
export models featured

EARLY this month, Britain’s elec-
tronics industry flexed its muscles
at the 20th national radio and tele-
vision show in London. Employing
135,000 workers, the industry pro-
duces $350-million worth of equip-
ment annually; nearly $70 million
of this is earmarked for export.
Over 100 firms were represented at
the show.

» Television — British setmakers
are following U. S. trends in home-
instrument design. Nearly every
manufacturer is introducing a 17-
inch table model this year and at
least two firms have 21-inch sets.
Rectangular tubes have now been
generally adopted. Many tubes are
both aluminized and provided with
an ion trap to prevent screen burn-
ing. Major circuit improvement of
the year is automatic picture con-
trol that keeps brightness and con-
trast despite signal-strength varia-
tion.

Although British sets generally
have but one channel, multichannel
sels made to both North American
and European scanning standards

22

Sonic Research filed with SEC
covering $40,000 of 6-percent notes
convertible into no par common to
be sold at par in $1,000 units. Pro-
ceeds will be used for working
capital to develop sonic and vibra-
tion equipment.

AT&T plans to issue, in what is
said to be the largest offering ever
made by any company, about $625
million of new convertible deben-
tures, if stockholders approve. Pro-
ceeds are to be used to continue con-
struction of new facilities to meet
demands for telephone service.
Some half-million people are wait-
ing for service and over a million
party-line customers want better
service, the company said. The
offering will help finance the ex-
pansion.

Show Wares

are being produced for export.
Radio and tv home-instrument sales
account for about % of Britain’s
electronies export ‘business. In all,
more than 120 television receivers
were on display at the show of
which more than half were making
their commercial debut.

» Electronics—Other new devices
shown included a public clock con-
trolled by radio standard time
pulses, medical electronic equipment
for testing heart and lungs, elec-
tronic equipment for factory and
office, a microscope with tv-sized
screen and one of Britain’s elec-
tronically-controlled guided mis-
siles.

Several lines of improved elec-
tronic components were displayed
and a strong trend towards minia-
turization noted.

» Poachers—An interesting piece
of equipment shown was a radio
direction finder used by the General
Post Office to ferret out operators
of unlicensed television receivers.
Britain’s noncommercial tv service
is sustained by an annual $2.80
license fee collected by the GPO
from each viewer.

An estimated 200,000 unlicensed
sets are in operation. Licenses out-
standing total nearly 2,500,000.

TV Equipment Makers
Look Ahead

FUTURE GROWTH OF TV STATIONS

i
l
=

|
S0 100 v i50 200 250
NUMBER OF STATIONS EACH YEAR
ESTIMATED TOTAL IN 196! 1,085 UHF, 550 VHF

Major tv broadcast equipment manu-
facturers seem to agree in general
with these station predictions mode by
one company in the field. Next year
may be the peak for transmitter sales.
At $250,000 a station, this schedule
could mean potential sales of nearly
$400 million for manufacturers over
the next 8 years

Radar Safety Beacons
Urged For Aircraft

Equipment would be similar
to ground racons that are
now in operation

PRIMARY RADAR now in use at many
airports has several limitations re-
sulting from its basic nature. A
revolving antenna sprays out high
energy pulses and receives rela-
tively weak pulses reflected from
objects within its range.

‘Often weather fronts and precipi-
tation adversely affect performance.
Sometimes the antenna pattern has
holes at certain angles and the air-
craft is lost for a time.

Jet-turbine aircraft are so small
that the radar often has difficulty
obtaining sufficient reflection to
track them. When a plane is flying
near fixed obstacles it is sometimes
obscured. And, worst of all, all blips
on the airport primary radar look
the same. The Radio Technical Com-

(Continued on page 24)
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Newest in the line . . .

TuE latest mass spectrometer in America’s ac-

cepted standard line is the Consolidated Model

21-610, a precision electronic instrument with ex-

I " treme stability for unattended process monitoring

A S’ngle I"Strument for in the petro-chemical industries. Used with a hand-
held probe it, operates as a detector for tracing

ProceSS CO"”’OI leaks of any gas within its mass range. The Model

21-610 is suitable for qualitative and quantitative

g component determinations in gaseous and light-

I-eak detecnon liquid mixtures. Moderately priced and economical
to operate, needing no expensive refrigerants, this

Resear(h new instrument brings mass spectrometry as a
control procedure within reach of small refineries
and chemical manufacturers. '

Write for Bulletin CEC-1824-X11.

All components ure accessible: either by remov-

Model 21-610 Mass
S Spectrometer

Consolidated Engineering

“analytical
CORPORATION f 3
300 North Sierra Madre Villa, Pasadena 15, California - INstruments
. _ Sales and Service through CEC INSTRUMENTS, INc.,  for science
e e mondanil @ subsidiary with offices in: Pasadena New York. gnf jnduysp
r cpendently. Chicago, Washington, D. C., Philadelphia, Dallas. an m qusiry
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INDUSTRY REPORT—Continved

mittee for Aeronautics therefore
urges that a plan be formulated for
equipping aircraft with a special
transmitter to send out a coded sig-
nal when triggered by the airport
radar pulse.

» Racons in Use—This direct-trans-
mission idea is not new, having been
used during the war on military
craft under the designation IFF
(Identification Friend or Foe). The
scheme is now being used in reverse
to identify ground locations. Racons
(Radar Beacons) are triggered by
the radar pulses from aircraft or
surface vessels and send out an
identifying code.

At present, there is a total of 117
listed as operating throughout the
world. Eight of them in the United
States operate at 3,256 mc and 77
on 9,310 mec. There are seven in
Alaska and the Pacific Isles. Twen-
ty-five others are scattered through-
out the world.

Insulating Materials
Head For Big Year

ELECTRONIC manufacturers have
heen responsible for a large part of
the record sales set by companies in
the electrical insulating materials

INSULATION SALES

SOURCE NEMA

‘4022236
4 7222777369
4P 34

A 2
442777 W
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A6PZZZZZZZTATT

(1947-49 avG
MONTH = 100)

537 T 241774,
AVG. FOR FIRST HALF -
0o 50 100 150 200

INDEX OF AVG MONTHLY DOLLAR SALES BILLED

field during the first six months of
this year.

Billings have been higher for the
period than in any previous first
half on record for laminated prod-
ucts, electrical mica, porcelain, var-
nished fabric and paper, vuleanized
fiber and the other components that
make up the NEMA index.
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SEPT. 28-30: Ninth annual Na-
tional Electronics Conference,
Sherman Hotel, Chicago, Ill.

SEPT. 29-Oct. 1: AIEE Middle
Eastern District Meeting,
Daniel Boone Hotel, Charles-
ton, W. Va.

OcT. 2-11: First Annual Na-
tional Electronic Show, Santa
Monica Pier, Santa Monica,
Calif.

OcT. 5-8: Fall Technical Meet-
ing sponsored by Canadian
National Committee, URSI
and IRE Antenna Group,
Ottawa, Canada.

OcT. 13: Joint Meeting AIEE-
IRE, Some Recent Advances
in Microwave Tubes, Stewart
Avenue School, Garden City,

L. I, N. Y.
Ocr. 13-15: National Confer-
ence On Tube Techniques

sponsored by the Subpanel On
Tube Techniques of the De-
partment of Defense, West-
ern Union Auditorium, New
York, N. Y.

OcT. 14-16: Sixth Annual
AIEE Special Conference on
Machine Tools, Hotel Cleve-
land, Cleveland, Ohio.

Oct. 14-17: Audio Fair And
5th Annual Convention of the
Audio Engincering Society,
Hotel New Yorker, New York,
N. Y.

Octr. 17-23: 35TH National
Metal Congress and Exposi-
tion, Cleveland, Ohio.

MEETINGS

Oct. 20-22: Thirtieth Annual
Session Of A.A.R. Communi-
cations Section, Hotel Plaza,
San Antonio, Texas.

Ocrt. 22-Nov. 1: First Brazilian
Exposition of Radio, Televi-
sion, Electronics and Tele-
communications, Automobile
Club of Brazil, Rio de Janeiro,
Brazil.

Oct. 26-28: Radio Fall Meet-
ing, RETMA, RTMA of
Canada and IRE, King Ed-
ward Hotel, Toronto, Ontario,
Canada.

Nov. 9-12: National Electrical
Manufacturers  Association,
Haddon Hall Hotel, Atlantic
City, N. J.

Nov. 9-12: Conference on Radio
Meteorology, Austin, Texas.

Nov. 12-13: IRE Fourth An-
nual Meeting of Professional
Group On Vehicular Com-
munications, Hotel Somerset,
Boston, Mass.

Nov. 13-14: Annual Electronics
Conference, Hotel President,
Kansas City, Missouri.

DeEc. 8-10: Joint AIEE-IRE-
ACM Computer Conference
and Exhibition, Statler Hotel,
Washington, D. C.

SEPT. 13-24, 1954: First Inter-
national Instrument Congress
And Exposition, Commercial
Museum and Convention Hall,
Philadelphia, Pa.

SEPT. 1954 : International Scien-
tific Radio Union, Amsterdam,
Netherlands.

Industry Shorts

» Combination of the world’s most
powerful electron linear accelerator
with a high-energy electron scat-
tering apparatus that can peer 10
times deeper into the atom than
ever before, enough to distinguish
particles within nucleus only two
one-hundredths of a trillionth of
an inch apart, has been perfected
by Stanford University physicists.

» Air-conditioning field garners an-
other electronic manufacturer with
Emerson introducing a line of
units next spring.

» Passengers on Southern Pacific’s
“Cascade” streamliner are now able
to talk by radio-telephone with any
part of the world through facilities
installed recently by Bell.

» Number of technical session, tech-
nical papers, exhibitors, booths and
total attendance at the 1953 West-

ern Electronic Show and Conven-
tion all approximately doubled over
those at the show held in 1951.

» Intricate laboratory apparatus,
including a photometer and an
oscilloscope, was used by GE sci-
entists recently to determine that
the average light output of Cleve-
land fireflies was 6-thousandths of
a lumen, and the brightest pro-
duced 9-thousandths of a lumen.

» Canadian Broadcasting Corp. has
selected Vancouver, B. C. as the
site for its fourth tv station and
has ordered complete equipment for
it from Marconi.

» Patent held by Celanese Corp. on
an electronic device designed for
increasing efficiency in production
of warp-knit fabrics is being made
available on a royalty-free basis to
the entire textile industry.
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130° C.

WITH IMPROVED

BH 649

Laboratory tested for retention of flexibility
and original rated electrical protection after

130 C° — 1500 hours
150 C° — 500 hours
160 C°— 24 hours
232 C°— 3 hours

BH 649" is a braided Fiberglas sleeving coated with an improved
vinyl-chloride formulation. Available in all standard sizes and
colors, in grades A-1 (7000 V.), B-1 (4000 V.) and C-1 (1500 V.).

Send for data sheets and samples from current production.

Another Bentley, Harris First!

Bentley, Harris Manutacturing Co.
Conshohocken, Pa
7y  Address Dept. E-10
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SLEEVING S

*BH Non-Fraying Fiberglas Sleevings are made by an exclusive Bentley, Harris process (U. S. Pat. No. 2393530). “‘Fiberglas’’ is Reg. TM of Owens-Corning Fibarglas Corp.
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The Reader

HE ABC that appears in the symbol at

the top of this page stands for Audit

Bureau ot Circulations. The symbol it-
self is an emblem of cooperation. in which every
subscriber to this magazine has an interest.

The Audit Bureau of Circulations is a volun-
tary, non-profit, cooperative association. It was
founded in 1914 and now consists of 3450 ad-
vertisers, advertising agencies and publishers in
the United States and Canada. This magazine is
proud to be a member,

ABC originally was set up to help take the
racket out of publishing, to eliminate the waste
and guesswork then so prevalent in publishing
and advertising, to establish order and confi.
dence in place ot the misunderstanding and
misrepresentation that arose [rom unverified
circulation claims and dubious circulation prac-
tices. Its mission was to protect the interests of
both readers and advertisers.

Tms rr pip by first defining the term “paid
circulation.” Then it established standards
and rules to govern subscription sales practices
and records. Finally it set up an auditing organi-
zation to verify the claims and report the facts
concerning the circulation of each member pul»
lication. It now maintains on that job a working
stafl of sixty-five full-time auditors. So the ABC
symbol has become the hallmark of circulation
standards and advertising values. Each member
publication must maintain those standards if it
wishes to retain its membership and display the
ABC symbol.

This ABC audit is no perfunctory affair.
When a business publication, such as this one,
becomes a member of the Bureau, it agrees that
the auditors shall have “the right of access to all
books and records.” Their inspection, therefore,
may cover any part of its operations. Original
subscription orders, payments from subscribers,
paper purchases, postal receipts, arrears of pay-
ments, and many more itcms are painstakingly
ehecked by the auditors. In many instances they

9

> His Mark
©

N\
Cyrat

go behind the records to seek verihcation from
subscribers themselves as to the terms of their
subscriptions.

N poIiNG 118 Jos, ABC has «eated many
Ivalues for both publishers and readers as
well as for advertisers. That 1s because the pub-
lication that becomes a member of ABC thereby
offers the strongest possible guarantee of its
primary devotion to the interests ot its readers.
The function of a business magazine is to be
usetul to its readers. When this service is rend-
ered by an ABC publication. it is constantly sub-
ject to the practical test of reader acceptance
and approval. As each subscriber has the right
to purchase or rélrain from purchasing an ABC
publication, that collcctive right conters upon
the readers the power to say whether or not the
publication will survive. Thus the report on its
ABC audit provides the most direct assurance
that a publication stays in business only because
of a voluntary demand by readers who find its
editorial service responsive to their needs.

Naturally, the editor of each business publica-
tion follows closely the score thus racked up by
his paper in its ABC reports. In the scope and
tone of his editorial coverage and treatment, in
the sclection and prescntation of his editorial
content, he must constantly labor to maintain
and enhance the readers’ acceptance of his
efforts. That is why the editorial standards estab-
lished by ABC publications sct the editorial
standards for all publishing. That is how the
ABC constantly stimulates its member publi-
cations to become even more useful to their
readers.

Al\'l) THAT 15 wHY the ABC symbol has be-
come the Mark of the Reader, a constant
reminder that his willingness to pay for an ABC
publication is the acid test of its value both to
him and to its advertisers,

McGraw-Hill Publishin g Company
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7linadt as easy as this...

TV Wire
1 Coaxial Cable
| Multi-Conductor Cable

é Microphone Cable
1 Thermostat Wire
Hook-up Wire
Aircraft Cable

High-Temperature

(Teflon) Wire

hen you need wire, it’s good to know that there’s a depend-
able SYNKOTE construction for every conceivable electrical
and electronic use. If we don’t have it in stock, we’ll manufac-
ture it to meet your requirements. For prices, samples or tech-
nical assistance, contact your nearest Plastoid representative
. or call these men:
CHIEF ENGINEER: ]. Tomey; phone: FRanklin Boro 7-2311 (New Jersey)

SALES-SERVICE: Don Nichols; phone: FRanklin Boro 7-2311 (New Jersey)
N.Y.C. SALES-SERVICE: W. Grant; phone: STillwell 6-6200 (New York)

@‘wm e offices: 42-61 24th S1., Long Istand City, N.Y.

plant: HAMBURG, N. J.

MANUFACTURERS OF DEPENDABLE | ©7 ]/ @f INSULATED WIRE AND CABLE

8
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ONLY FILM TYPE

BASIC
TECHNIQUE

A thin coating of pre<cured and
stabilized resistance material is
bonded to special glass or an in-
organic core to form IRC's exclu-
sive filament type element. This
is in contrast to the carbon pill cr
slug principle of construction. Its
uniformity and stability have
proved superior since ths sarilest
days of radio.

Highly specialzed produztion process
for Boron-Carbcn Pracistors

RESISTORS MEET HIGHER

Advancing requirements of instrumentation,
military electronics and television focus
emphasis on greater stability for non-wire
wound resistors. IRC believes its filament
type construction offers the best answer to
more exacting standards. For over 28 years
the film type resistance element has proved
its superior stability—even in today’s
newest IRC Boron-Carbon Precistor.



dﬂg'* A More IRC Filament Type BT Resistors
‘.-’é@@?& :y AYeTEE are used in radio and TV sets than

. e any other brand. They meet and beat
5;@ e JAN-R-11 specifications, and have been
'.jl.@v L FIXED. tested and approved by most producers
. COMPOSITION of government equipment. Exception-
d 2 x o v ally stable—in 14, 13, 1 and 2 watts.

o Send coupon for Data Bulletin.

high voltage—high stability

IRC Type MV High Voltage Resistors
offer outstanding stability even in very
high resistance values. Filament resis-
tance coating in helical turns on cer-
amic tube provides a long, effective
conducting path. 2 to 90 watts. Check
the coupon for detailed information.

high economy-—high stability

Type DC Deposited Carbon Resistors
combine accuracy and economy with
high stability. Excellent where carbon
compositions are unsuitable and wire
wound precisions too large or expen-
sive. Available in 15, 1 and 2 watts.
Use coupon for further facts.

STABILITY STANDARDS

high accuracy—high stability

The ultimate in stable non-wire wound
resistors, Type BOC Boron-Carbon
Precistors conform to all requirements
of MIL-R-10509. Voltage coefficient
less than 20 parts per million per volt.
Extraordinary load life. 14, 1 and 2
watts. Send for Bulletin.
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high popularity—high stability

g HRIC )

MOLDED

Eliminates Possibility of End-Cap Trouble

Eliminates Danger of Mechanical Damage

Improved Electrical Characteristics

INTERNATIONAL RESISTANCE CO.
403 N. Broad St., Philadelphia 8, Pa.

In Canada: International Resistance Co., Ltd.,
Toronto, Licensee

Send me full data on: 0 DC Deposited Carbon;
O BT Insulated Filament Type Resistors; O MV
High Voltage Resistors; [0 BOC Boron - Carbon
Precistors; ) MBC Molded Boron-Carbon Precistors

Name

Title.

Company

Address

City Zone. State




A NEW TERMINATION
TECHNIQUE FOR . ..

e COMPUTERS

® SWITCHBOARDS AND INSIDE PLANT EQUIPMENT

RELAYS, SWITCHES, AND MULTI-CIRCUIT COMPONENTS

If you are concerned with the wiring of close
spaced equipment, investigate the new AMP
Solderless TAPER TAB RECEPTACLE for flat
relay or switch tabs shown at right. It is self

locking when installed on a male tab with match- PHOTO AT RIGHT SHOWS AMP SELF LOCK-
ing 314° taper, yet can be removed and recon- ING TAPER TAB RECEPTACLES BEING
nected any number of times without solder or APPLIED TO MATING TABS ON A STEPPING
special tools. These terminals are supplied on SWITCH. LOCKING ACTION GIVES MAXIMUM
reels in continuous strip. Customer crimps them ELECTRiCAL AND MECHANICAL SECURITY
on wires using AMP automatic machines at ...CONNECTIONS ARE SUITABLE FOR CRITI-
speeds up to 4,000 per hour! CAL LOW LEVEL CIRCUITS.

Performance of these miniature connectors
meets exacting requirements for millivolt drop,
corrosion resistance, and vibration. They are
suited for critical low level circuits or power
circuits up to several amperes.

Write to AMP Electronics Division for com-
plete information concerning AMP TAPER TAB

RECEPTACLES . . . you will receive data and
samples by return mail.

An example of the savings possible with Taper
Tabs and Receptacles. This disconnect block in
Remington Rand’s new electronic computer had
more than 1,000 wires soldered to tabs in a space
approximately 5" x 9"—an assembly operation
requiring two weeks’ time. After tabs were modi-
fied to taper shape (See picture insert), the same
operator can now assemble two blocks per day—
a 20 to 1 increase——using A-MP’s Taper Tab
Receptacle No. 41355. There are neither loose wire
ends nor drops of solder in the assembly to cause
shorts nor cold or rosin joints to open up in the
field. Installation is simply a mechanical opera-
tion requiring little operator skill, resulting in
greater uniformity.

*For connector plugs and other applications
where a round pin is more adaptable, see AMP © AMP
taper pins.

AMP Trade-Mark Reg. U. S. Pat. Off.
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UNIVERSAL
WINDING COMPANY

COIL WINDERS

Efficiently designed to meet coil-winding needs... safely, simply, economically

W americanradiohistorv.com



FOR WINDING COILS
IN QUANTITY... ACCURATELY
AUTOMATICALLY...USE
UNIVERSAL WINDING MACHINES

104
107
108

WWW.americanradiohistorv.com



Numbers on coils opposite indicate machines on which they are wound.

Three to Fourteen Paper-
insulated Coils in . Stick
Form are wound simul-
taneously on the No. 104
Universal Automatic-
Feed Coil Winder now
equipped with an elec-
tronic drive. Such coils in-
clude round or square
coils, fluorescent ballasts,
oil burner secondaries, au-
tomotive ignition second-
aries and outboard igni-
tion secondaries.

This machine handles
papers of various grades
and thicknesses such as
Glassine, Kraft and Ace-
tate film.

|

|

Layer-wound Cotton In-
sulated Coils are auto-
matically wound on this
No. 96 Universal Coil
Winder. Such coils include
meter coils (square), sole-
noid coils (round) and
meter potentiometers (flat
wire).

This machine winds both
cotton-interwoven and un-
insulated coils. On cotton
interwoven, it eliminates
need for flanged coil bob-
bins, provides ample in-
sulation where current is
most apt to short circuit.
It can also produce coils
with Glassine or Kraft in-
sulating papers (manually
inserted) and is widely
used for laboratory and ex-
perimental work as well as
for quantity production.

Four to Thirty Paper-
insulated Coils in Stick
Form are wound on the
No. 108 Universal Hand-
Feed Coil Winder.

This machine meets the
need for a modern hand-
feed winder with quick
set-up features where
varied lot sizes and short
runs are called for. Opera-
tor can make principle
adjustments in three min-
utes with its easily oper-
ated external controls. No
gears, or cams to remove.
Set-up time is reduced
to a minimum.

Hi-speed Spool-wound
Coils are produced on this
No. 102 Universal Coil
Winder. Such coils in-
clude those used in elec-
tric shavers, bell ringers,
aviation and telephone re-
lays (fine wire), and hear-
ing aids.

This machine makes pos-
sible synchronized produc-
tion of non-insulated coils
at speeds up to 5000 rpm.
The individually operated
heads enable synchroniz-
ing winding and handling
time thus increasing pro-
duction per operator on
high-turn coils, resulting
in lower winding costs.

>

Cross-wound Coils for TV,
Radio and General Elec-
tronics arc wound on this
No. 84 Universal Coil
Winder. Such coils include
intermediate frequency
transformers, television
flyback transformers, pro-
gressive wound coils, line-
arity coils, large diameter
pie-windings and peaking
coils.

Producing up to four coils
at once, the No. 84 ma-
chine gives a high rate of
production. Coils are
wound with extreme ac-
curacy assuring highest ef-
ficiency and uniformity,
thus reducing rejects.

Four to Thirty Paper-
insulated Coils in Stick
Form are wound simul-
taneously on the No. 107
Universal Automatic-
Feed Coil Winder.

This machine provides
the quickest, easiest way
to wind paper-insulated
coils accurately. You can
safely handle wire sizes
from No. 19 to No. 42
(B&S). The electronic
driveassures aslow smooth
start that results in less
breaks when winding fine
wires.

FREE! Separate, 4-page bulletins on each of the machines
described above can be had by writing us direct. Bulletins
contain detailed specifications.

waany americanradinhictory com. - N
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Demaonstration Room, above, located at the Universal Winding Co. plant, Cranston, Rhode Island.
Chicago Demonstration Room is located at 9 South Clinton Street, Chicago, Illinoss.

YOU’'RE CORDIALLY INVITED to visit our
Cranston and Chicago Demonstration Rooms.

Watch Universal Coil Winders in action — see
for yourself the benefits of their individual features
of design. Discuss your own coil-winding problems
with the technically-trained Universal people in
charge. If you wish, bring along samples of the
coils you are now winding — or specifications of
the caoils you are considering winding.

You will find that Universal with their long ex-
perience in the coil-winding field can offer you
helpful ways to improve your productien. Our
Demonstration Rooms are open daily, Mondays
through Fridays. To arrange for a demonstration,
write to: UNIVERSAL WINDING CompaNy, P. O.
Box 1605, Providence 1, Rhode Island, or 9 South
Clinton St., Chicago 6, IIl.

‘= UNIVERSAL WINDING COMPANY

[Eesonvas

P. 0. BOX 1605, PROVIDENCE 1, RHODE ISLAND

SALES OFFICES:

PROVIDENCE + CHICAGO + LOS ANGELES -

PHILADELPHIA

MONTREAL, HAMILTON, CANADA

PRINTED IN U. S. A.

WWW-americanradiohistorn~—com



STACKPOLE

TYPE GA
FIXED COMPOSITION
CAPACITORS
RTMA PREFERRED VALUES in mmf

20% 10% 5%
10 .10
— == A2 -
15 15 —_—
R 18 S
= .20
22 .22 .22
- . .24
.27 .27
= .30
33 38 33
- . .36
S .39
= S 43
: P 47 47 47
e - . S
S0 — .56 .56
GA S 1t : i - . — .62
fixed composition A y o8 68 ?g
CAPACITORS il 11— Tm @
N = 21
1.0 1.0 1.0
g . Coesw 1.1
¢ e 12 1.2
: : 1.3
new valyes | - G
—_— s == 1.6
S 1.8 1.8
FOR THE ULTRA HIGHS — o B
T e 2.2 2.2 2.2
Stackpole GA fixed composition capacitors represent the simplest, ' _— 2.4
most mexpcnswe capacitor design ever produced—and their operat- f" B 2.7 2.7
ing stability is more than ample for the great majonty of applications. | 33 33 gg
Pioneered by Stackpole, these sturdy little units are now available | . 36
in an expanded range of values from 0.10 to 10.0 mmf. Insulated ?i 39 39
bodies, dielectrics and electrodes are integrally molded for maximum 5 S 4.3
stability and durability. Leads are securely anchored and treated for % 4.7 4.7 4.7
casy soldering. — — 5.1
§ : === 56 Sl
Although Stackpole GA capac1tor bodies range “v ‘0 é e 28 25
only from 0.330” to 0.170” in length, they can “ds N i ol a
now be supplied with as many as four easily c 0‘ \)a - 8.2 3.2
distinguished color bands. 9.
10.0 10.0 10.0

Electronic Components Division STACKPOLE CARBON COMPANY, St. Marys, Pa.
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NOW CELENAMEL IS AVAILABLE
IN SIZES #40 TO #48

MAGNET WIRE
THAT CUTS YOUR
PRODUCTION COSTS!

No stripping prob-
lem. Celenamel Film
removed when dipped
in solder.Large
economies effected in
your production.
New facilities make
Celenamel available
now in sizes 40 to 48.

Belden Manufacturing Co.
4625 W. Van Buren St.
Chicago 44, Il

Belden

LELENA

w

TRADEMARK REGISTERED

%

3 3
e

-J*'.
. j+ |

| WIREMAKER FOR INDUSTRY

i sl 0 A A ” i ot e B i

it
Q’ 4
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AN EFFICIENT, ACCURATE, DEPENDABLE SOURCE
of CONTINUOUSLY-ADJUSTABLE A-C VOLTAGES

any type

MANUALLY-OPERATED OR MOTOR-DRIVEN . . . LOCAL
OR REMOTE CONTROL . . . WALL, BENCH or BACK-
OF-PANEL MOUNTING . . . EXPOSED OR ENCLOSED
TERMINAL BOARD . . . FUSED or UNFUSED . . . DIRECT
WIRING OR CORD-PLUG WITH OUTPUT RECEPTACLE

CONNECTIONS .TYPE 116

any capacity

TYPE 10 4§

; . SINGLE AND MULTIPLE PHASE DUTY . . .
3 v and 480 VOLT SERVICE . . . FREQUENCIES OF 25,
50/60, 400/800 CYCLES . . . FROM ZERO TO OR
ABOVE LINE OUTPUT VOLTAGES WITH THE MAXIMUM
OUTPUT CURRENT AVAILABLE AT ANY SETTING

@ & L & *

for any job

IN THE EXPERIMENTAL AND RESEARCH LABORATORY
. . . THE TESTING AND INSPECTION DEPARTMENTS
. . . ON THE PRODUCTION LINE . . . AS THE VARI-
ABLE A-C VOLTAGE COMPONENT OF ANY EQUIPMENT
.. . WHEREVER A CONTINUOUSLY-ADJUSTABLE VOLT-
AGE IS REQUIRED TO CONTROL HEAT, LIGHT, SOUND,
POWER OR ELECTRONIC APPARATUS

[ . ® . . “ s & «

AIR-COOLED ASSEMBLIES FOR NORMAL SURROUND-
INGS . . . OIL-COOLED and EXPLOSION-PROOF UNITS

FOR USE IN CORROSIVE or HAZARDOUS ATMOS- N i 3 ; 400/ =
PHERES . . . SPECIAL DESIGNS FOR SHIPBOARD, AIR- i it °°M‘ig‘éECTYCLE
BORNE and other MILITARY APPLICATIONS TYPE 0-1126 MH‘I‘:U TYPE X-1126 FRAME SIZE
® s " y R . ) 3 (3 . . . o .
and all featuring
EXCELLENT REGULATION ... HIGH EFFICIENCY ... CONSERVATIVE RATINGS...ZERO WAVEFORM
DISTORTION...RUGGED MECHANICAL CONSTRUCTION.,.SMOOTH CONTROL...EASY MOUNTING
SEND NOW FOR COMPLETE INFORMATION
¢ & v & r s © & & ® © © @ ® e & e & & © ¢« e e
R T THE SUPERIOR ELECTRIC CO.
210 Mae A , Bristol, Conn.
ve SUPERIOR ELECTRIC o fvenve By Tont _
Please send literature on POWERSTAT variable
BRISTOL, CONNECTICUT transformers.
A OLTBOX A.C NANE
® STABILINE Automati * VOLTBOX Power
Voltage Regul:fors ) Supplies ° POSITION
* POWERSTAT Variable ® SUPERIOR 5-Way el g -
Transformers Binding Posts CO. ADDRESS
¢ VARICELL D-C Power * POWERSTAT Light ciry ZONE___STATE__
Supplies Dimming Equipment « e & ® e o o e o e o [
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under any conditions

TYPE MW1156-6

120, 240
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gle cathode-ray oscillo-
scope with its associated plu:-;:
pre-umpllflers does the wor .
three or more separate hig

y laboratory oscilloscopeés.

Now d sm

ow Versatilesy.

Cathrode-Kay Oscilloscope

...the Tektronix Type 535

Quickly Adaptable to Changing Requirements with Plug-in Vertical
Pre-amplifiers

qualit

1. Dual-Trace Unit—Performance superior to dual-beam scope
in most applications.

2. Differential-lnput High-Gain DC Unit— Sensitivity to 1 milli-
volt/cm.

3. Wide-Band DC Unit— 10 megacycle bandwidth.

New Sweep Circuit Provides Widest Range Ever Offered
1. Accurately calibrated time bases from 0.02 psec/cm
to 5 sec/cm.

2. New sweep delay permits jitter-free display of details in puise
trains.

3. Calibrated interval between sweeps.
High Intensity for Low Repetition Rates and Single Sweeps
1. 10 KV accelerating potential.
2. New Tektronix 5" flat-faced metallized cathode-ray tube.

The fast growth of the electronic industry is bringing more complex  recurrent, and triggered operation to permit observation of the
problems to the engineer every day. The need for an oscilloscope  very slow as well as the very fast. Flexible sweep delay circuitry
quickly adaptable to almost any phase of laboratory investigation  provides both jitter-free delay and stable viewing of time-modu-
is evident. The Type 535 Cathode-Ray Oscilloscope is designed to  lated or jittery signals. High crt accelerating potential increases

fill this need. the brightness at low repetition rates. With dual-trace plug-in unit
Plug-in vertical pre-amplifiers enable the Type 535 to cope with  precise time comparisons may be made, free from errors inherent
a wide variety of signals. Wide range time base has single shot,  in dual-beam cathode-ray tubes.

CHARACTERISTICS

Basic Unit Plug-In Vertical Pre-Amplifiers
TIME BASE RANGE ~—— MAIN SWEEP Type 53C—Dual-trace Unit
24 calibrated time bases from 0.1 gsec/cm to 5 Two identical amplifier channels, activated on
sec/cm. Continuously variable uncalibrated time alternate sweeps—or nonsynchronously at approx- 1.
base from 0.1 fsec/cm to 10 sec/cm. imately 100 kc.
SWEEP MAGNIFIER Rise'ime—O‘.O-i Hsec.
Accurate 5x magnification on all ranges including Bund‘p‘us‘s {with Type 535)—DC to 8.5 mc. . Input signal displayed on the delaying
the 0.1 fsec/cm range. Sensitivity —0.05 v/cm to 20 v/cm, ac or dc, in 9 sawtooth. Position of the main sweep

calibrated steps. 0.05 v/cm to 50 v/cm continu-

DELAYING SAWTOOTH ously variable. 4 position ac-dc and polarity
Automatic main sweep lockout with controllable reversal switches.

reset. Permits delaying the starl of the main sweep Price — $275
from 10 fisec to 20,000 fsec in @ calibrated ranges.
Calibrated interval between sweeps, 20 to 20,000

is indicated by a bright region on the
delaying sawtooth,

Type 53D -—Differential-input High-gain Unit

fsec (50 cps to 50 ke). Sensitivity“—_l mv/c‘m to 50 v/cm in 24 calibrated
steps. Sensitivity variable between steps.
TRIGGER SELECTION Bandpass—DC to 250 kc at 1 mv/em to DC to
Automatic triggering or amplitude selection. 750 ke at 50 mv/cm and lower.
BALANCED DELAY NETWORK Price —$145
0.25 psec, superior transient response. Type 53A— Wide-band DC Unit
10 KV ACCELERATING POTENTIAL Risetime —0.035 tsec.
New Tektronix 5” metallized cathode-ray tube, Bandpass (with Type 535)—DC to 10 mc. Same signal displayed on the main
Type 51P2, Sensitivity —0.05 v/cm to 20 v/cm, ac or dc, in sweep. The main sweep may be ranged
9 calibrated steps. 0.05 v/cm to 50 v/cm contin- out along the delaying sawtooth and
AMPLITUDE CALIBRATOR vously variabte. positioned to start after the desired
0.2 mv to 100 v square wave. Two signal inputs— 60 db isolation. amount of delay.
Price (with Type 53A Plug-in Unit)—$1385 Price — $85

PLEASE WRITE FOR COMPLETE SPECIFICATIONS
P. O. BOX 831A

NI
" Tektronix, Inc. =~
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Waldes Truarc Ring Saves*2.84 Per Unit,
Cuts Labor-Time and Materials in Hydraulic Packing Unit

|ifl’{ﬁk\\Q i

OLD STYLE stuffing box required skilled worker to install packing NEW Monopak Cartridge is smaller, lighter, streamlined and in-
rings one at a time, then adjust packing glands by trial and error.  stalled with one Truarc Retaining Ring. Disassembly and reas-
Disassembly was equally difficult, time-consuming and costly. sembly with new cartridge takes unskilled worker just 1 minute.

Hydraulic Accessories Company of Waldes Truarc Retaining Rings

Van Dyke, Michigan, uses a single NEW DESIGN USING WALDES TRUARC RING |  are precision-engineered . .. quick
Waldes Truarc Inverted Ring (in- PERMINGED THESEASAVINES [PER UNIT and easy to assemble and dis-
ternal series 5008) to hold Mono- MACHINE TIME SAVED: assemble. Always circular to give
pak Cartridge in cylinder head. Chf“.“"g' fasing dhd poting 3 © olf mid a never-failing grip. They can be
Newdesign eliminates costly ma- ﬁ::::::z ::: L:i::?bz:::; h;le; :: |  used over and over again. There’s
chining and saves 2V lbs. of mate- Assembling, adjusting, testing . . .90 a Waldes Truarc Ring to answer
rial. Re-design with-Waldes Truarc MATERIAL SAVED: every fastening problem.
Retaining Ring reduces stuffing 1% Ibs. castiron . . . . . . . .30 Find out what Waldes Truare
box diameter from 3%” to 27", %1b.bronze . . . . . . . . .23 Retaining Rings can do for you.
and reduces length from 57" to ;:"::‘ F M mu oA ms e 'Z: Send your blueprints to Waldes

434", Allows savings in assembly,
adjusting and testing.

Truarc engineers for individual at-
tention, without obligation.

TOTAL $2.84

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

SEND FOR NEW CATALOG . e -

~w...' Waldes Kohinoor, Inc., 47-16 Austel Place, L.1.C. 1, N. Y.

WALDES = :::Is:g‘send me the new Waldes Truarc Retaining Ring

3
\ ~
- Y ——— =
1 THUAHE - - -
- >
_ D |
|

REG. U. 5. PAT. OFF.

RETAINING RINGS

WALDES KOHINOOR, INC.,, LONG ISLAND CITY 1, NEW YORK

WALDES TRUARC RETAINING RINGS AND PLIERS ARE PROTVECTED BY ONE OR MORE OF THE FOLLOWING
V.S PATENTS: 2,382,947: 2.382.948: 2.416.852; 2. 420.921: 2.425.341; 2,439,705 2 441,846, 2.455.165
2,483,380, 2.483.383; 2,487,602, 2,487,803 2.49).306; 1.509.081 AND OTHER PATENTS PENDING

(Please print)

Name........... == >

Hull
;M
i 50y

§

Campany... ... . e o
Business Address.

City.. . Zone State

|
|
I
|
I
I
I
Title..... . S |
I
|
I
|
|
|

ELECTRONICS — October, 1953 Want more information? Use post card on fast page. 37



slip ring
assemblies-
loe. builel, Hham,

o oo

When you need a slip ring assembly — large or miniature, complex
or simple, of any capacity — PM Industries can be of value to you. We have pioneered in
the development of slip ring assemblies to meet widely diverse requirements, both electrical
and mechanical, and can put at your disposal over twelve years of design and manufac-
turing experience.

In meeting your specifications, we will employ the methods best suited to producing, at mini-
mum cost, a unit that gives maximum performance. Your particular slip ring needs may
require a molded rotor, a plated rotor, or a built-up assembly; we are set up to manufacture
by any of these processes. Your specific electrical and mechanical requirements will be ful-
filled through our design experience using all brush and ring materials and techniques. You
will save time and save money by calling upon our skills.

The following summary indicates PMI's technical exper-
ience on production units. Our experimental work reveals
that the values shown are conservative.

FREQUENCY: from DC to more than 60mec )
VOLTAGE RANGE: from microvolts to more than 20,000 volts,
corona-free
CURRENT RANGE: from microamps to more than 600 amps
NUMBER OF CIRCUITS: max. to date, more than 500 (space
requirement the limiting factor)
BRUSH LIFE: min., 7 million linear ft.
SIZE: from synchro and resolver type rotors to 36" diam. x 8" height
NOISE LEVEL: at 600 amps, an average peak to peak amplitude of
0.15 volts; at microamp levels, noise not detectable
ENVIRONMENTAL SPECIFICATIONS:
High Altitude: to 60,000 ft.
Water-tightness: MIL-E-2036A
Shock and Vibration: MIL-T-17113
Fungus Resistance: acceptable to all Govt. agency
requirements
Corrosion Resistance: 200 hour Salt Spray test

Whether your requirements are complex or simple, con- &
sult PMI. We’ll be happy to discuss your problems with- .
out obligation. If you want preliminary information,
write for our Facilities Report and our new brochure
“Slip Ring Assemblies to Your Specs.”

“DESIGN @ DEVELOPMENT PRODUCTION

ndusmes Inc., Stamford Conn.

~Electro-mechanical devices - Engineered plastic- metal assemblies

Want more information? Usc post card on lost page October, 1953 — ELECTRONICS
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C-D-F is a dependable source of supply for all
of vour coil form spiral tubing needs. Uniform,
high product quality is mamtained by rigid
standards of manufacture. C-D-F offers vou fab-
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. Alter the threaded iron tuning core
is inserted and finally adjusted, you obtain the
same stable torque rating.

Constant Torque features: exact internal thread-
ing every thread engaged. 3-point contact
with core prevents binding and permits positive
tuning and re-tuning. Outer surface ol tube has
no wecak spots, no external embossing to cause
cement leakage. Available in lengths up to 147
to take .248” to .250” core with 28 threads per
inch and also 6-32, 8-32 and 10-32 screw sizes.
Write [or samples.

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

C-D-F produces spiral tubing in grades to mect
most requirements. Use the Grade Sclector
Chart when requesting samples and additional
information.

AVAILABLE GRADES
IMPREGNATED

1 Generol Electrical and Mechanicol Grade. O

1A Electrical and Mechanical Grade—Special Punching. O
2 Mild Stopling, Riveting. ond Post Forming Quality. O
2A Intermediate Fabricating and Stapling Quolity. O

3 Severe Stapling, Riveting, and Post Forming Quality. O
5 Constont Torque and Formed-to-Shape Coil Farm Tubing.
6 Special for High Humidity Applications. O

6A Extra Hord, High Strength Tubing. O

7 Soft Varnished Kroft Tubing. O O [

7A Hard, Rigid Rectanguler Tubing. (] | — |

8 Varnished Diamond Insulation—Tubing. O

9 “Deflection Coit” Tubing. O

10 Larger Size, Heavy Wall Tubing for Mechanical Uses. O

o

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

poper, ete. O [
21 Plain Kroft Paper Tubing. O 3 [

22 Ploin Diemond Insulation Tubing. O

23 Ploin Chipboord Tubing. O
-
.Q Formed and Noiched

O Round
O Formed (fluted shope) 0 [T squore, Rectongulor

ELECTRONICS — October, 1953

C-D-

A UNIFORM, HIGH QUALITY PRODUCT AT LOW COST

SPIRAL
TUBING

STANDARD

(EVERY OTHER THREAD)

CONSTANT TORQUE

i ot

(EVERY THREAD)

SELECTION OF THE PROPER GRADE

While the differences hetween some of the grades are not great, they
are quite distinct when specific requirements are considered. For most
uses. the proper grade can be selected from the descriptions, size range,
and properties tables in our catalog. If this should prove difficult in
some cases, it is desirable for our C-D-F sales engincer to have as much
information as possible about the application, especially fabricating
requirements. in order that we may make suggestions. Your blucprint
is usually sufficient 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 specification for the material.
Fabricating quality desired. This is important where stapling,
riveting, punching, or forming operations are to he performed by
the customer.
Auy unusual conditions which may alfect 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 torque
requirements (if known).
Get all the facts. Write for 8-page Technical Folder ST-53 describing standard grades
of C-D-F Spiral Tubing, their properties, sizes and tolerances, and how to select

the proper grade for your application. Free test samples are available upon request.
Call your C-D-F Sales Engineer (offices in principal cities). He's a good man to know!

THE NAME TO REMEMBER

NEWARK 16, DELAWARE

SPIRAL TUBING

Want more information? Use post card on last page.

WWW.ameticanradiohistorv.com

Good dielectric strength ¢ Low dielectric loss properties
Good mechanical strength and moisture resistance
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ANOTHER NEW PRODUCT OF

Y

F/RST In Features :
Vacuum Sealed Junction
Welded Seam Construction

; NCE again you have proof of the inherent quality...superior
performance...of a General Electric product painstakingly
e

veloped through intensive research. Not just an ordinary tran-
sistor to answer current application demands; new G-E vacuum
sealed junction transistors represent a design with radically im-
proved characteristics and keyed to the tools of mass production
for low component cost.

First junction diodes and now junction transistors. This logi-
cal product sequence has given General Electric almost two years
of production experience on junction devices before announcing
junction transistors. The result: anticipation and solution of
many problems plus the addition of unique features to enhance
the range of application.

Your decision to use this new G-E product assures you of a
basic component that is thoroughly tested and proved superior
in every performance characteristic!

@ HERMETIC SEAL .. unaffected by moisture.
@ VACUUM SEALED JUNCTION .. contaminating gasses
permanently eliminated!
@ WELDED SEAM CONSTRUCTION __ free from solder-flux
contamination.
©® HIGH POWER OUTPUT ... Case design makes possible
a collector dissipation of 150 MW,
@ HIGH FREQUENCY PERFORMANCE ...Completely
successful operation at audio and supersonic frequencies.
@ HIGH TEMPERATURE OPERATION... Rated for a
maximum junction temperature of 100°C.

©® LONG LIFE__ stable performance throughout
the life of your equipment.

@ SMALL SIZE . excremely compact design provides
added flexibility for all applications,

20(4 car /&Jz/ /wzz cm/bt/’/izce e .
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GENERAL ELECTRIC PROGRESS'!

ﬁ/l ctual Size
"” ; l
/
/ ’ 2 ABSOLUTE MAXIMUM RATINGS:
q F C;oli’eﬂor Voltage (referred to base), V. —45 volis
. / / Collgetor Current, 1.

=10 ma
“Emitter Current, ),

10 ma
Junction Temperature, T;

AVERAGE CHARACTERISTICS:
e _: (Common Base, T; =30°C, =270 cps)
FIRST In Performanc

R e S S

”iy b Po wer 0"Ip"l Collectar Voltage

Emitter Current

Current Amplification {output
short cireuit), hs,

Collector Cutoff Current, lco

Noise. Figure (V,, =1.5V; |,
0.5 ma; t,1 ke; BW, 1.—),
NF

Maximum Power Gain {Com-
mon Emitter)

Frequency Cutoff, feq

Output Capacitance, C,

ittt ki oy

G P R L 4 NEWS FROM OUR
- \ ADVANCED DEVELOPMENT LABORATORIES

. . ° DoubIe-basg Junction diodes are !
RISTICS : 1 { it
COMLEETOR SmiCTER ST semi-conductor devices having thy-
i fatron-like properties. Lal units
h

ave been used successfully in low-
voltage circuits to sw

lacger than 14 ampere,

itch currents

TRANSISTOR REFERENCE
GUIDE and new
TRANSISTOR BULLETINS
NOW AVAILABLE!

Write to: General Electric
Company, Section 4103,
Electronics Park, Syracuse,
New York.

7101 153

RSN YEARS OF ELECTRICAL | &
{\;\A PROGRESS it
o /

N e
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PERMANENT MAGNETS and ASSEMBLIES
for Magnetrons and Traveling Wave Tubes

The group of magnets illustrated above, weighing from a fraction
of a pound up to 75 pounds, are indicative of the wide range of
Arncld productlon in this field. We can supply these permanent
magnets in any size or shape you may need, with die-cast or
sand-cast aluminum jackets, Celastic covers, etc. Complete assem-
blies may be supplied with Permendur, steel or aluminum bases,
inserts and keepers as specified . . . magnetized and stabilized as
desired. ® Let Arnold handle your magnetron and traveling wave
tube permanent magnet requirements.

WaD 4638

Madke to your
Specitications
. ANY SIZE, SHAPE

OR COATING REQUIRED

* (el weleome.
Your inquiries

Want more Information? Use post card on last page.

wWwWWeamericanradiohistors eom
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WORLD'S

COLLINS

Hoffman
Admiral

GREAT NAMES IN COMMUNICATIONS...

S
RELY on%l%ﬂd CRYSTALS

These companies—and many others in leadership position
in the field—depend on Midland crystals for completely

reliable frequency control in their products.

THAT FACT IN ITSELF is testimonial enough to the kind
of performance Midiand Quality Control has built into

millions of crystals for every communications use.

Hhatsoer gour Guptal med. eomutntional, o ighty specsalined
v/kmmzl%m!ﬂfw,w s

MANUFACTURING COMPANY, INC.
3105 Fiberglas Road, Kansas City, Kansas
LARGEST PRODUCER OF QUARTZ CRYSTALS

ELECTRONICS — October, 1953

Want more information? Use post card on last page.
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Do you have any of these problems?
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2. Need a mica tape that can be run on taping machines at high speed?

ISOMICA™ tapes are made fram long rolls of thin continuous mica sheet ...
are more uniform in mecharical and dielectric strength .. .have no high
spots or voids. For electrical insulotion of class B or class H motors, gen-

1. Need a combination of gasket sealing and mechanical and electrical
properties? Various grades of LAMICOID® — laminated plastic made with
organic and inorganic binders—are combinad with natural or synthetic
rubber to obtain the excelient insulating and mechanical properties of

LAMICOID and the sealing properties of rubber. erators and transformers.

e B, SR

4. Need special mechanical and electrical properties for brackets, termi-
nal blocks, access panels, etc.? | AMICOID® is half as heavy as aluminum
and, weight for weight, stronger than steel. Offers high impact strength,
high dielectric strength, excellent abrasion and moisture resistance.

3. Need accurately punched mica stampings for filament, grid and plate
supports? MICO produces mica stampings to extremely fine tolerances.
Whenever you need precision-fabricated mica parts of the highest quality,
call on MICO. We have 60 years of experience in this field.

Whatever clectrical insulating materials you need, MICO makes them best.
We manufacture all standard types and many special materials, and fabri-
cate parts to your specifications. Send us your blueprints or problems today.

*Trademark

s MICA %ﬂ/@fo’z COMPANY

AT ) (0w ¥,

Schenectady 1, New York
Offices in Principal Cities
LAMICOID ® (Laminated Plastic) « MICANITE ® (Built-up Mica) » EMPIRE ® (Varnished Fabrics and Paper) « FABRICATED MICA 4ISOMICA »

44 Want more information? Use post card on last page. October, 1953 — ELECTRONICS
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More than 10w to 1200 mc
More than 2.5w to 2500 mc

&%
@3} %PRECISION ENGINEERING

= =

) CUSTOM MANUFACTURING

" WIDE-RANGE ..........
. POWER OSCILLATOR

\ CONTINUOUS CONTROL WITHIN RANGES
\ FROM 300 to 900 mc and 900 to 2,500 mc
SEPARATE OUTPUT COUPLING CONTROL

\
\

300 to 2500 mc

\
\

$2,285.00

F.O.B. MINEOLA, N.Y.

The 124A Power Oscillator consists of a grid-separation coaxial oscillator
employing a 2C39A disc seal triode, an audio oscillator and modulation
section, and a self<ontained rectifier power supply. A selector switch is
provided for the following: internal modulation of 400 or 1,000 cps, cw,
or external modulation by pulse or square wave sources. Grid-cathode
and grid-plate lines are coupled to a single tuning control, with provision
for individual adjustment of the grid-cathode line when desired. Counter-
type indicalors show the position of the tuning elements. An output
coupling control with counter indicator is provided. )

This is one ¢f a series of especially fine instruments and components that
have been developed by AlL to meet our own exacting requirements. Our
research and development work has demanded equipment not ordinarily
available in the electronics market. Thus, we have developed devices that

are considerably advanced over those usually available for purchase.

Originally we were requested to produce limited quantities for our

established clientele. The demand has grown to a point where limited

production rins have become necessary. Under these circumstances imme- |
diate delivery is often possible.

We suggest that you write at once \
for specifications ‘and delivery schedules. \

Rirborne Instruments Laboratory

INCORPORATED
160 OLD COUNTRY ROAD ~ MINEOLA, N.Y.

\



Consumer Market

Perpetual energy is at work all around us. Shown here are
only a few of the many examples of permanent magnets
at work—all of which add 1o the salability of the product.

Artificial Magnetic Eyes —

An artificial eye looks practically normal if it moves in
unison with the natural one. To achieve this, a New York
doctor developed an implant wherein is imbedded an
Alnico permanent magnet.

After removal of a diseased or injured eye, recti mus-
cles, originally attached to the natural eye, are attached to
an implant, thereby imparting motility to this implant.
Further operative procedure requires that the implant be
covered with layers of tissue (tenons and conjunctiva) in
order that the implant may be completely buried.

A custom-fitted plastic artificial eye is then made which
also has a very thin Alnico magnet. As a result of the
attraction between the magnet in the implant and the one
in the artificial eye, and also due to the shape of the arti-
ficial eye, the eye can then move in unison with the natural
one, as motility is imparted from the recti muscles to the
implant and, in turn, to the artificial eye.

Applications: Among other consumer products that rely
on permanent magnets are can openers with a magnetic
lid-lhifter, and the thermostat used in your home.

ARTIRCIAL MAGNETIC EYE

DR,

, NNON“"NN" PERMANENT
g?o’.o?o?ofofofof&f%'?o&fofvﬁ l< MAGNETS
]

IMPLANT

¢ MUSCLE

Tie natusal eye and the

2 H .. .or move together easily
atificial magnetic eye

to the left . . . the appear-
ance is always that of two
normal, natural eyes!

... perfectly centered when

move together in unison, looking straight ahead . . .

neturally o the right .

Basic Research

Research—A highly specialized example of the use of permanent magnets
in research is the nuclear resonance assembly shown on the left.

The Alnico V permanent magnets used in this assembly built for the
University of Chicago by INDIANA produce a field of approximately
3,5C0 gauss. The assembly not only is ruch less costly than the electromagnetic
models but it also does not require much of the expensive equipment required
to maintain a stable field.

Permanent
Magnet



Can Work For You!

Perpetual Magnetic Energy...a Timeless Force...
is hard at work in many fields and in many
products...from Artificial Magnetic Eyes

to Nuclear Resonance Research!

You can't see it . . . smell it . .. or hear it. Nor can you taste it or feel it, but
the “‘perpetual energy” of permanent magnets is at work for you in each
one of these applications—and thousands more. Permanent magnets won’t
wear out. They can’t be used up. They’re a source of permanent energy
instilled in your product “‘perpetually.”

.. Unlimited are the future possibilities of permanent magnets in new product
designs. The field produced by the myriad of spinning electrons, the essence
of permanent magnets, can work for you in these three ways: transforma-
tion of mechanical to electrical energy e transformation of electrical to
mechanical energy e tractive effort. If you need a component to perform
one of these three functions, INDIANA PERMANENT MAGNETS may
be the solution to your design problent.

INDIANA provides you with the largest facilities in the world for the
manufacture of permanent magnets and complete permanent magnet sub-
assemblies. It will pay you to take advantage of INDIANA’s wealth of
experience, research leadership, and specialized engineering “know-how.”

. _‘—“ Write for

The Indiana Steel Products Co. ‘gg TR .. DESIGN MANOAL
VALPARAISO, INDIANA VO &R No. 4-A10

CAST CATALOG
SALES OFFICES FROM COAST TO COAST—BOSTON ¢ CHICAGO No. 11-A10

CLEVELAND o NEW YORK e PHILADELPHIA « ROCHESTER « LOS ANGELES
Y

No. 12-A10

A2 SINTERED CATALOG

Electrical
Industry

Permanent
GENERATOR

Generators—A well-known application in the elec-
trical field is the permanent magnet generator. This
15 kva, 120/208-volt, 400-cycle model incorporates 28
Hyflux Alnico V, bar-shaped permanent magnets.

Long service and minimum maintenance are two
things sought by users of generators. Permanent mag-
nets help to provide these qualities. Elimination of slip
rings and commutators means no sparking or radio in-
terference. And there's no heat from the field coils
nor is excitation power needed.

Applications: Magnetos, motors, gyroscopes.

In 24 Hours—You can have INDIANA PERMANENT MAGNETS for your experimental work

Loudspeakers—Typical of the applications in this
field is this 15-inch high fidelity speaker which uses a
1014 Ib INDIANA Hyflux Alnico V magnet to achieve
a frequency range from 30 to 16,500 cycles per second!
INDIANA Hyflux Alnico V provides an energy product
of 514 million BH Max or more, thereby assuring a
magnetic field of high strength. Permanent magnets,
in this case, are a functional necessity to this design—
no substitute can do the job.

Applications: INDIANA magnets are consistently
doing an outstanding job in many other typical products
in this field such as focusing coils, ion traps, centering
devices, radar, and guided missiles.

Electronic
Industry

Permanent

LOUDSPEAKER

_ Magnetic Separators —There is almost an endless list of mechan-
ical or holding applications. One of the more widespread, industrial
applications s this permanent magnet separator, using three or more
ny{l;glglnmo V, U-shaped magnets each of which can exert a pull
0 .

Here permanent magnets exert an effective pulling force through
a distance of several inches . . . permitting your product to do the
job better and safer, insure_uninterrupted production flow by snatch-
ing"‘tramp”’iron from materials to be processed . . . thereby preventing
damage to machinery. And permanent magnets require no electrical
power, no wiring... hence, they never spark, eliminating a definite
fire hazard.

Applicotions: Among the many mechanical applications are: mag-
netic conveyors, magnetic sweepers, magnetic chucks and clutches.

Watt Hour Meters—One of the hundreds of different
instruments requiring permanent magnets s this single-
phase, 15-amp, 240-volt rating for 3-wire services
watt hour meter. It uses an Alnico 1, horseshoe-shaped
magnet weighing only 0.2 Ib.

Here, the high quality of this permanent magnet
material provides the uniformity and stability of field
s0 necessary for mointaining the initial accuracy of this
meter over a long period of years.

Applications: Mass spectrometers, vibration pick-
ups, galvanometers, medical instruments, speed-
ometers. fluxmeters.

Mechanical
Industry

Permanént
Magnet

Instrument
Industry

| @ ]
Permanent
Magnet

WATT HOUR METER



Why do so
companies make

FOR one thing, it’s easy to make an ordinary relay. Requirements are not rigid.
Little equipment is nceded. You can even buy the component parts in a pinch.
Dozens of companies do a good job of making these relays, as long as the service
requirements are not too severe.

But when you need top reliability, when you need relays that will withstand
temperature cxtremes, tremendous shock loads, moisture, continuous service—
come to an expert to get the kind of relay performance you need.

Union Switch & Signal has been making relays for over 70 years, most of them
in vital railroad signaling service. Many of them operate continuously, yet remain
unattended for years. In fact, we regularly encounter “Union” relays that have
been in service for over 40 years. And they are still in good operating condition.

This vast relay engincering skill has been used to produce the “Union” type M
miniature relay. Hermetically sealed, weighing only 3%%2 ounces, this 26.5 v.d.c.
relay meets all requirements of Military Specifications MIL-R-5757 A & B.

“Union” type M relays are available in quantity now——in either 6-pole or 4-pole
doublethrow models. Write for more information.

GENERAL APPARATUS SALES

UNION SWITCH & SIGNAL -

DIVISION OF WESTINGHOUSE AIR BRAKE COMPANY

PITTSBURGH 18 PENNSYLVANIA

NEW YORK CHICAGO ST. LOUIS SAN FRANCISCO

48 Want more information? Use post card on last page. : October, 1953 — ELECTRONICS
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General Apparatus Sales

Union Switch & Signal Division
Westinghouse Air Brake Company
Pittsburgh 18, Pa.

Please send additional information on “Union” type

M relays.

City, Zone & State ... ...ttt

L5 & B & N R 0 B B B B B |
4
Q
3
*

L-------------------qgu---J

Want more information? Use post card on last page.
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PROBLEM:

Reduce Fabrication and Assembly Costs for

Electrical Contact and Switch Blade Assemblies

SOLUTION:

General Plate Provided the Solution with

Fabricated Composite Contact Elements

Ready for Assembly

A leading manufacturer of Antenna Rotators required
contact and switch blade assemblies for a control
switch that operated two synchronized circuits. To
produce the assemblies by attaching a separate contact,
rivet or button to the spring blades meant high fabrica-
tion and assembly costs and special machinery.

The problem was presented to General Plate whose
engineers provided an economical solution with fabri-
cated composite contact elements ready for assembly.

The complete contact and blade elements are made
from a General Plate striped composite metal. The con-
tact is a silver alloy which gives the necessary electrical
performance. The blade is phosphor bronze which pro-
vides the spring properties required for the contact
supporting member. )

The result — initial savings of $7,000 in assembly
costs alone by using General Plate fabricated composite
contact elements.

By letting General Plate fabricate your complete con-

tact assemblies, you will save money, time and trouble
...needless equipment cost and problems of scrap

Want more information? Use post card on lost poge.

dispogal are eliminated . .. contacts and/or contact as-
semblies made to your exact specifications are shipped to
you ready for installation.

If you fabricate your own parts, General Plate Com-
posite Contact Materials will still save you money and
allow you to make contact assemblies superior to those
produced by other methods.

The long experience, diverse facilities, and manufac-
turing skill of General Plate will benefit you in the form
of service, quality, and savings.

Write for complete information and Catalog PR700.

You can profit by using

General Plate Composite Metals!

METALS & CONTROLS CORPORATION
GENERAL PLATE DIVISION

310 FOREST STREET, ATTLEBORO, MASS.

wWWW americanradiohistorv com
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Another .| =
Shunt Diode hy

LN st

High peak power capabilities of type X-80
in relation to its physical size have been
accomplished through an unusually force-
ful combination of design features.

1. Exclusive UNITED bonded thoria
tungsten core filament for high electron
emissivity.

2. Exclusive UNITED graphite anode
for maximum thermal dissipation.

3. Exclusive UNITED isolated getter
traps for retention of hard vacuum and
high voltage internal insulation.

Type X-80 will serve importantly as a
high current elipper tube in radar equip-
ment employing the large hydrogen thy-
ratrons, as well as in power supply rectifier
applications.

Write for detailed specifications.

Peak Plate Current

| Peak
nverse Pea as shunt diode

laverage)
as a rectifier 11 Volts Nominal

15.5 Amperes

o
%
i r‘

ELECTRONICE
o COMBANY '



and Germanium

52

Jets must conserve their power for actual flight. Thus
on the flying field the big engines are turned over by
means of a starter.

Almost six years ago our customer, Ther Electric &
Machine Works, Chicago, developed the portable jet
engine starter pictured here, in cooperation with a fa-
mous engine manufacturer who was dissatisfied with pre-
vious units. Important components in each Ther starter
are four Model FHIBA6S1G SELETRON selenium recti-
fier stacks.

Ther tells us the service record of the jet engine starters
has been outstanding during six grueling years, and cred-
its trouble-free SELETRON rectifiers for much of the top-
flight performance. “They have proved far superior to
other similar units,”

When rectification is indicated, SELETRON engineers
can certainly assist you with circuit information as well
as the right type of SELETRON rectifier to do the job. We
make them from the small half-wave ones for radio and
TV, all the way up to giants for industrial use. See our
catalog in Sweet’s Product Design file—or write us.

750 amps; 24-30

FHIBAG6S1G.

Also Ther-built with Seletron selenium

rectifiers: an oil-immersed cathodic

protection unit for the Navy, built for location in hazardous at-
mosphere. Arcing contacts are immersed in oil or in sealed-off
explosion proof fittings. Includes 2 Seletron Model WH1BA2S1G
rectifier stacks.

JETS GET OFF TO A %y/ 2/ WITH

RECTIFIERS

Ther's Portable Jet Engine Starter

volt DC output. Adjustable

to compensate for line and load fluctuations.
Includes four Seletron rectifiers, Model

-
£

Manufacturers also of Germanium Transistors and Diodes

Seletron @ RADIO RECEPTOR COMPANY, Inc.

Division SALES OFFICE: 251 WEST 19th STREET, NEW YORK 11 .

Want morc information? Use post card on last page

Since 1922 in Radio and Electronics

FACTORIES IN BROOKLYN, N. Y.

October, 1953 — ELECTRONICS



TRANSFORMER AND HIGH
VOLTAGE CAPACITOR TERMINALS

High surface
resistivity

1 High dielectric
strength

D High mechdhi(d‘
strength

[] High volume
resistivity

Low loss factor

Low Porosity

accurate

Uniform

0

O

O Dimensionally
O

O

Totally and
permanenﬂy rigid

Suitable as
compression type or
metallized for

soft solder sealing

O Economically
produced to your
speuhcahons
in large or
small quantities

Send blue print or sam-
ples and let us show you
what we can do for you.

52ND YEAR OF CERAMIC LEADERSHIP

AMERICAN LAVA CORPORATI N

CHATTANOOGA

A SUBSIBIARY OF MINMESOTA MINING

AND MANUFACTLRIMG COMPANY
5, TENNESSEE

OFFICES: METROPOLITAN AREA: 671 Broad St.,Newark,N.J., M tcaell 2-4159 ® SYRACUSE,N. Y.: 330 Arlington Ave.,Phone 7¢-5068 ® CEEVELAND: 5012 Euclid Ave_ Room 2007, express 1-6685
NEW ENGLAND: 1374 Mass. Ave., Cambridge, Moss., Ki

, Kirklond 7-4498 o PHILADELPHIA: 1649 N. Br.oad 1., Stevesson 4-2823 © ST. LOWIS: 1123 Woshington Ave., Gerfield 4959
CHICAGO: 228 N. LaSolle S1., Central 4-172) ® SQUTHWEST: John «. Green Co., $815 Criole Dr., Dallas 9, Dixon 9°18 ® LCS ANGE_Ea: 5603 W. Huntnglon Dr

., Capital 1-9114

wwWWwW.americanradiohistorv. com
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foedy o PHELPS DOUGE ot Mopnit ltve cnct

THE RIGHT WIRE
TRANSFORMER,

FdL 1. [aiting Quadiy—from Mine T Menkar/

Want more information? Use post card on last page. October, 1953 — ELECTRONICS
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Applleation Know-Hewr—

FOR YOUR
MOTOR OR COIL?

Vast and varied experience in every field of
electrical and electronic manufacture.

Unexcelled research, manufacturing and quality
control facilities—most complete and up-to-date
line of magnet wire in the industry.

Practical help in selecting correct size, shape
and insulation to meet exact design specifications.

 PHELPS DUDGE COPPER PRODUCTS

CORPORATION

INCA MANUFACTURING DIVISION

FORT WAYNE, INDIANA

ELECTRONICS — October, 1953 Want more information? Use post card on last page. 55



ALLIED CONTROL’S

\/5|zz CUT 66%

\/wnsm CUT 48%

/REI.IABII.ITY DOUBLED

\/wmem FIELD APPROVED

Designed to withstand a shock of 50G, these new Allied
Control double-throw miniature relays were developed
to meet the rigid requirements of U.S.A.F. Specifica-
tions MIL-R-5757A.

Known as the Allied MH series, this new line of relays
consists of the 6-pole MH-18, the 4-pole MH-12, and
the 2-pole MH-6. Contacts are rated at 2 amps resis-
tive or 1 amp inductive at 28 volts D. C.

The high performance of these relays has been achieved

ACTUAL SIZE

4-Pole Double-Throw
Miniature Telephone

New MH-12 with Relay

Interchangeable
Mounting

s
in an extremely compact, unitized construction and
parallels the most recent advances in airborne equip-
ment design. The “actual size” photographs shown
above highlight the 66% savings in overall size, the
48% savings in weight and the 30% reduction in
chassis area.’

For detailed specifications and drawings of these new
relays, contact your local Allied Control Representa-
tive or write us for Bulletin 1002.

wWwWwW-americanradiohistorv com



50 G MINIATURE RELAY

APPROVED MIL-R-5757A

SIX DIFFERENT MOUNTINGS

1. Standard Mounting

4. Plug-ln Mounting With Socket
2. Flush Mounting—2 Studs at 34" Centers

5. Thru-Chassis Mounting—Terminal Up

3. Thru-Chassis Mounting—Terminals Down 6. Flush Ring Mounting

FEATURES

Wide Ambient Temperature Range: 55°C to 85°C standard—65°C to 125°C MHB-type

Vibration Resistant: 15G’s vibration to 500 cycles o

Operating Shock: 1o contact chatter 1o over 50G’s
High Altitude: seal-tested to 70,000 feet
Dependable Operation: life expectancy of over 1 million operations at rated load

High Speed: operate-to-make time under 8 ms.

release-to-make time under 4 ms.
release-to-break time under 2 ms.

ALLIED CONTROL

COMPANY, INC. &
2 EAST END AVENUE, NEW YORK 21, N. Y.

wwweamericanradiohistorv.com
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CHESTER means dependability plus in wires
and cables for every electronic and electrical
application. The compounds used in all
CHESTER Wire and Cable constructions are
made in the CHESTER plant. Thus, complete
control over selection of raw materials and man-
ufacturing techniques, provides full control of
quality . . . your assurance of uniformity in every
foot of conductor bearing the CHESTER labell

I] P ———

for electrical and electronic wiring
; Request yours, todayl
CHESTER cABLE CORP

€' HE EWISIRTIER SR

Want more information? Use post card on last puge

" 4
ASK %2 FOR the New Chester Liter-

ature. Complete data on wires and cables

e e e g Ty

JAN-C-76 WIRES™ & s \

105°C, 90°C, 80°C, woribveo, 120°C° !

SHIELDED WIRES & CABLES

FLEXIBLE CORD

TV LEAD-IN WIRES |
INSTRUMENT WIRES |
COMMUNICATION WIRES &35,
COAXIAL CABLE .i
LACQUERED 2:5.:o" WIRES

SPECIAL WIRES &.53255 75,

*Solid colors or spiral marking

REGISTERED
U.S. PAT, OFF,

* N E W Y O R K

October, 1953 — ELECTRONICS
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GENERALEBELECTRIC
FREQUENCY AKD MODULATION METER TYPE ST-13A

CHANKEL
CALIBRATE

MO5  FREQ
@ O @w
]

HOTUATION
FREQUENCY
R0 Ty

20%¢
AL~ . ABAT
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EX.UVEN POWER
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PARK — G-E HEADQUARTERS FOR ELECTRONICS

L LB S Dol

ELECTRONICS RESEARCH

/v’ 6-E FREQUENCY

AND MODULATION METER

SPECIFICATIONS = MODEL ST-13A

FREQUENCY RANGES
One or two specified frequencies in the following ranges:
25 MC to 50 MC, 72 MC to 76 MC, 148 MC to 174 MC

Accessories include: External antenna mount
{above), adaptor cable, and crystal ovens.

Measures both carrier frequency displacement and square wave
modulation with direct reading on 2-range 3'2" meter

Here is a quality FM Communications instrument with
features that are wnmuatched in the industry! The ST-13A
is engincered to give you hairline accuracy . . . lowest
possible cost . . . plus full provision with oven acces-
sories for future split-channel adjustments. This unit
meets today’s demand for accuracy and economy and
provides for tomorrow’s more stringent needs. Two
RF outputs for receiver testing and alignment. New
case design is durable and good looking.
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General Eleciric Company, Section 4103
I Electronics Park, Syracuse, Y.

Please send me a copy of the following bulletins:
3 ST-13A (ECL-15)

Quartz crystal operating range: 4 MC to 6 MC

REFERENCE OSCILLATOR ACCURACY

.001%, from 32°F to 122°F

Greater accuracy will be obtained over a more limited temperature range.
External connection, internal wiring and a socket are provided for 6 V oven
operation where wider temperature range with greater accuracy is available.

MODULATION ACCURACY
+ (5% + 200 cycles)
On sinusoidal or square wave modulation (complete limiting).
METER RANGES
0 to 10 KC and 0 to 20 KC. These scales are calibrated in terms of carrier fre-
quency displacement from the internal reference oscillator and deviation due to

square wave modulation. Sinusoidal modulation is 1.57 times this value. A
conversion curve appears in the cover.

INPUTS

Eighteen-inch collapsible wh|g antenna.
Fifty-ohm BNC connector. This input can handle only limited power as 1t is
followed by a molded carbon potentiometer attenuator.

OUTPUTS
Low RF output—adjustable around 1 microvolt.
High RF output—adjustable from about 100 to several thousand microvolts,
depending on frequency.
Bath outputs come out on 50-chm BNC connectors.
POWER—INTERNAL BATTERIES
2—45 volt batteries; 2—1.5 volt flash light cells; 2—1.5 volt pen light cells.

TUBE COMPLEMENT
2—1L4, 2—1U4

0 ST-2A (ECL-9)
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As a Direct-Reading Instrument The extreme sensitivity
of the d-c amplifier is utilized to check plastivizer insula-
tion resistance values in the megamegohm range.

As a Rzcorder Preamplifier The rack-mounted ampli-
fier above is being used to increase the sensitivity of u
recorder in running special tests of switches

As a Null Detector The d-c Amplifier is being used above
for factory ehecking and calibration of instruments.

€0 Want more information? Use post card on last page.

L&N Low Level
d-¢c Amplifiers are

iple Punpoce...

for Tuiple Cowie,

@ In response to the constant demand for versatility
in precision instruments, these d-c Indicating Ampli-
fiers combine the functions of three useful instru-
ments in one:

1. A Direct-Reading Instrument that is al-
ways ready to use . . . never any readjusting of
zero, either initially or during a series of readings.
Simply select the range in which you want to
work by turning scale-multiplier knob.

2. A Recorder Preamplifier — Values meas-
ured by Stabilized d-c Amplifiers can be recorded
directly on Speedomax recorders.

3. A Null Detector more sensitive than most
reflecting galvanometers, yet with full scale re-
sponse time of only 2 to 3 seconds. These instru-
ments are unaffected by vibration; leveling is
not necessary. At the turn of a range knob, a
wide choice of sensitivities can be obtained with-
out external shunts. A non-linear response char-
acteristic is also available for easy balancing.

These amplifiers are suitable for handling low level
measurements with thermocouples, strain gages,
bolometers—bridge and potentiometer circuits
ionization, leakage and phototube currents—almost
any measurement of extremely small direct current
or voltage.

Self-contained, the unit can either be used ‘““as is”
or removed from case and mounted on a 19” relay
rack.

For details, including complete specifications, send
for Folder EM9-51(1). Write our nearest office, or
4979 Stenton Ave., Phila. 44, Penna.

s o1

LEEDS .. NORTHRUP

instruments “ ! J automatic controls e furnaces
EH

JrioAdL 1EM9-51(3)
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... tesigned for modern miniaturization

Alert designers of electrcnic circuits are finding this
versatile pct-core structure superior ir a wide vari-
ety of applications. Of a size compatible with mod-
efn minicfuriza%on requirements, this core assures
high effactive permeability with negligible external
iields and low losses.

Extremely easy to use and irstall—mount Ferrox-
cube Part 75160 anywhere with a single screw. 1t is
being used with excellens results in single and multi-
ple stacking arrangements. Some of the very success-
ful large scale applications are: Blocking oscillaiors,
Delay lines, Low level filters, Puise transformers, etc.

WRITE FOR DETAILED ENGINEERING BULLETIN GIVING COMPLETE DATA.

Ferroxcube miniature pot core Part ?F160 is pro-
duction geared for large quantity deliveries. For
your convenience, nylon bobbins designed
specifically for use with 7F160 are carried

in stock too, to make your winding problem
even easiet.

The performance, versatility aad
usefulness of this part are unusual— |
it deserves careful investigation.

Write for detailed engineering
bulletin giving complete data. Your
copy will be sent to you ct once.

_ POT CORE
Part. No. 7F160. = 7

-

CUBE CORPORATION OF AMERICA

A Joint Affiliate of Sprague Electric Co. and Philips Industries, Managed by Sprague
35 EAST BRIDGE STREET e SAUGERTIES, NEW TYORK

21
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Now available for incorporation into your own designs

Check the specifications on the chart below. If your
equipment design calls for a stable oscillator in any of
the frequency ranges shown, a major portion of your
design problem is solved. Collins precision oscillators,
long famous for their accuracy and stability, are now
available for incorporation into your own designs.

The years of research and development work that
have gone into every detail of these oscillators can im-

prove your equipment and effect a substantial saving
in your development costs.

Collins oscillators are mechanically stable, sealed
against atmospheric changes, compensated for changes
in temperature and voltage. Their output frequency is
essentially independent of environment. We are now
supplying engineering samiples and quotations on pro-
duction quantities.

ra Vit
o 1
= 3 3 - a
7?' . -.l'j”é-' {&) gj
i — .‘ kn e
TYPE . 70E-1 | 70E-8A/B ~ 70E-12 ‘ 70E-15 70H-2 ~ 70H-3
Frequency Range . . . .| 1.0—1.5 mc 1.6—2.0 mc¢ ‘ 1.955—2.955 mc | 2.0—3.0 mc 2.455—3.455 mc | 1.5—3.0 mc
Calibration Linearity . ’ +750 cycles +750 cycles +1000 cycles +750 cycles +500 cycles =+ 1000 cycles
Maximum Frequency . . |
Drift 40°F to 120°F . . . 250 cycles 400 cycles 600 cycles | 400 cycles 100 cycles G600 cycles
Max. Drift with +10% | | ‘ oven on
Plate Voltage Change .| 75 cycles 75 cycles | 150 cycles 150 cycles 100 cycles 100 cycles
RF Output . . . . .. .. 13—30v rms 5.5—12v rms 0.5—2.0v rms 1.2—2.5v rms 2v rms 5—13v rms
25 mmf load 33 mmf load | 15 mmf load 100 mmf load 1000 ohms no load
Plate Power . .. . .. 250v @ 7 ma 180v @ 8 ma | 150v @ 12 ma 150v @ 12 ma 180v @ 10 ma 150v @ 12 ma
Heater Power . . . .. 12.6v @ 150 ma | 6.3v @ 300 ma  G6.3v @ G600 ma  6.3v @ 600 ma 6.3v @ 300 ma 12.6v @ 300 ma
Oven Power . .. ... none none none none 26v @ 2.0 amp | 2Gv @ 3.0 amp
Electrical Connections . plug plug solder solder plug plug
Tubes . ... ... ... one 128]7 one 6S]7 two GBAG two GBAG one 5749 two 5749
Shaft Size . . . . . . .. 0.1869—0.1873 0.2488—0.2498 0.1869—0.1872 0.1869—0.1872 0.1869—0.1872 0.1869—0.1872
Rotation for counter- counter- counter- counter-
Increased Frequency . . | clockwise clockwise clockwise clockwise clockwise clockwise
Tuning Rate . ... .. 50 kc/turn } 25 k¢/turn 100 kc¢/turn 100 kc/turn 100 kc/turn 150 ke¢/turn
Tuning Torque . . . . . 3—4 inch oz i 10 inch oz 10 inch oz 10 inch oz 10 inch oz 10 inch oz
Size . . ... u.. ... 23/4"sq.x5" 23/"sq.x41%” 215 dia.61" 215" dia.x5" 315 "dia.x6-5/32" | 2-27/32"dia.xG75"

Collins Radio Co., Cedar Rapids, lowa

Please send complete information on your
permeability tuned precision oscillators.

COLLINS RADIO COMPANY

Cedar Rapids, lowa

NaAME_ = - — 11 W. 42nd 5t.
New York 36
COMPANY. . u .
1930 Hi-Line Drive
ADDRESS. u Dallas 2
Ciry. STATE_ 2700 W. Olive Ave.
Burbank
62 Want more information? Use post card on last pags. October, 1953 — ELECTRONICS
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Collins Type 70EA5
precision osciflator.
20—3.0me

All Collins oscillators
are designed for linear

dial calibration,
Actual size

ELECTRONICS — October, 1953 Want mors infarmation? Use post card on last page.
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Hipersil® Cores
now rustproof

A new process now coats a microscopic film of rust-
proof iron phosphate on all Westinghouse Hipersil
Cores. This coating will not chip, scratch or flake,
nor will it affect core performance.

Rustproofing eliminates all possibility of deteriora-
tion. This means you can safely carry samples or a
stock of cores in advance of immediate production
needs . . . keep your assembly lines flowing smoothly.

This thin coat prevents any loss of the inherently
high flux carrying capacity . . . another reason why
Hipersil Cores make it unnecessary to design excess

_You caN BE SURE...ir its
Westinghouse

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

Butt joint section of 5-mil Hipersil Core, magnified
10 times. Distinct separation between the laminations
channels the flux, increases core efficiency.

core material, and, therefore excess size and weight,
into your transformer assemblies.

Advancements like this continue to make the
Westinghouse Hipersil Core the best on the market
today. Because they are 1009 active in carrying
flux, they solve size, weight and loss problems
for you. The simple, two-piece assembly helps
cut your transformer fabricating costs. Get a more
complete story by writing today for Booklet B-5402.
Westinghouse Electric Corporation, P. O. Box 868,
Pittsburgh 30, Pennsylvania. J-70694
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Published by TECHNICAL SERVICE, Chemical Manufacturing Division, The M W. KELLOGG Company

Precision Connectors
Use Kel-F to Provide
Superior RF Insulation
...5,000v. Capacity...Cut
Moisture Dissipation

Consistently high RF insulation
and dimensional stability were
prime requirements for the dielec-
tric inserts in connectors required
for an Atomic Energy installation.
“Kel-F” plastic was found to be
the material answering these and
other “tough” requirements.

“Kel-F” maintains high RF in-
sulation under conditions that
cause other materials to fail. It is
readily molded or machined to
within .002” of the critical dimen-
sions required for the parts. And,
because of its excellent wear char-
acteristics, ‘‘Kel-F” maintains the
precision of the critical insulators
for a longer time. Frequent “con-
nects’’, “‘disconnects” and opera-
tional vibration have negligible
effect on the insulation because of
the high strength—impact, com-
pressive and flexural —of this fluoro-
carbon plastic. It takes rough
handling without chipping, crack-
ing or “freezing’’.

Exposure of the insulators made
of “Kel-F”’ to high humidity fails
to affect their dimensional stability
or superior electrical properties.
Zero water absorption and ‘“non-
stick” properties of this plastic
reduce the need for maintenance by
preventing the formation of fungus
under high humidity or the ac-
cumulation of conductive residues.

The precision RIF connectors
illustrated are manufactured by
the Dage Electric Company, Inc.
of Beech Grove, Ind. for use in
electronic equipment speeified for
nuclear studies. One of the insulat-
ing parts of “‘Kel-F”’ used is
injection-molded for this company
by the Brilhart Plastics Corpora-
tion of Mineola, N. Y. Another is
machined from extruded Kel-F by
Insulating Fabricators of New Eng-
land, Inc., Watertown, Mass. The
precision parts are then incorpo-
rated in special metal connector
housings that are gold-plated.

OCTOBER 1953

Sea-Going “Pot’’ of Kel-F Harnesses 10,000 Volt
Currents...Maintains Hermetic Seal Under Shock
and Vibration...At All Temperatures

At the polar cap or in the humd
tropics, in the “moth ball fleet” or
on the firing line, the variable
capacitor ‘“‘pot” shown here guards
against leakage of 10,000 v. cur-
rents and loss or contamination
of the insulating “potting” oil.
Molded of “Kel-F”’ trifluorochloro-
ethylene polymer plastic, this six-
pound unit will maintain a high
level of insulation resistance indefi-
nitely due to the high dielectric
strength of the plastic . .. at high

and low temmperatures (—320 to
390°F) and in spite of salt-laden
sea air. The chemical inertness of
“Kel-F” polymer eliminates any
corrosion from the insulating oil,
loss of the oil or dimensional change
resulting in a break in hermetic
seal. The toughness—high tensile,
impact and compressive strength—
of the polymer prevents cracking
of the pot or loosening of electrical
leads under shock or vibration,
even during “big gun” salvos.

The variable capacitor “pot”,
one of the heaviest single pieces
ever molded from “Kel-F” triflu-
orochloroethylene polymer, is com-
pression-molded for the Armed
Forces by Fluoro Plastic, Ine. of
Philadelphia, Pa. Mounting lugs,
undercuts and the dimensions of
the bore of the pot and cover are
all provided for during molding, on
standard molding equipment. The
choice of “Kel-F” plastic was based
also on its zero water absorption,
non-porosity and ‘‘non-stick” prop-
erties which prevent any current
shorting caused by water or expo-
sure to high humidity.

(SEE REVERSE SIDE)
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Improved Terminals Handle Currents up to
7500 Volts RMS Without “Flash”...Under High
Humidity...Maintain Hermetic Seal Under Stress

Rough handling, severe operational
current and temperature cycling
and environmental restrictions are
all taken in stride by the new
hermetically sealed terminal pic-
tured here. Two factors make this
an outstanding terminal: The use
of Kel-F: polymer plastic as the
insulation and important refine-
ments in the art of terminal manu-
facture.

“Kel-F’" trifluorochloroethylene
polymer was chosen to insulate this
terminal, enabling it to handle 15

Remember
“Kel-F’ at The
Chemical Show
in November . . .

By

S

Interesting and unusual appli-
cations of ‘“Kel-F”’ polymer
plastics in the chemical indus-
tries will be displayed at the
“Kel-F” Booth Nos. 835, 839
and 843 at the 24th EXPOSI-
TION OF CHEMICAL IN-
DUSTRIES, November 30th
to December 5th, 1953. The
place: Commercial Museum
and Convention Hall, Phila-
delphia, Pa.

ampere currents up to more than
2,000 volts RMS without corona . . .
up past 7,500 volts RMS without
flash-over or tracking. Injection-
molded under precise control, these
terminals of “Kel-F” have higher
heat and cold resistance . .. pro-
viding perfect electrical insulation
at minus 148°F. as well as at over
300°F. The consistent dimensional
stability of “Kel-F”’ at both high
and low temperatures, combined
with a new method of crimping the
conductor prevent loss of the vital
hermetic seal—“Kel-F”’ refuses to
shrink, swell or age and the special
crimping prevents lateral or longi-
tudinal movement of the conductor.

Brilhart Plastics Corporation,
Mineola, N. Y., produces these im-
proved terminals by injection mold-
ing, using standard methods and
multi-cavity molds. All parts of the
terminal, designated as the “Type
BTX-17* are made in this com-
pany’s plant. The new terminal
uses specially-designed parts and
a “post-molding” treatment to
achieve a hermetic seal that will
pass a 20 psi pressure test after
“wiggle” and “pull” tests that
cause other terminals to fail.
*Patented

Molders of the Month

Leading molders and extruders specialize
in fabrication of materials and parts made
of Kel-F . ..each month this column will
spotlight several of these companies with
their principal services and products.

Cinch Manufacturing
Corporation
Chicago, .

Injection Molding
Electrical & Electronic Components
Tube Sockets & Connectors

Elastic Stop Nut Corporation
of America
Union, N. J.

Injection Molding
Elastic Stop Nuts & Fasteners

Industrial Coatings Corporation
Chicago, Il

Dispersion Coating

Jet Specialties Company
Los Angeles, Calif.

Extrusion
Rod & Tube

Juno Tool Corporation
Minneapolis, Minn.

Compression & Transfer Molding
Injection Molding
Electrical & Electronic Components.

Molding Corporation of America
Providence, R. .

Compression & Transfer Molding
Electrical & Electronic Components
Tubes, Sockets & Connectors
Terminals

Pump, Valve Diaphragms & Parts

For complete information regarding any item
mentioned in DESIGN AND PRODUCTION NEWS,
ask for detailed APPLICATION REPORTS, write

Technical Service

THE

COMPANY

P. O. Box 469, Jersey City 3, N. J.
or offices in Boston, Chicago, Dayton,
Los Angeles and New York

SUBSIDIARY OF



TIME PROVED

Eimac 4W20,000A gives 25 kw peak
sync power output through channel
13 with only 500 watts driving power

TYPICAL OPERATION
Class-B Linear Amplifier—Television Visual Service
{Per tube, 5 mc bandwidth, 216 mc.)

Load Impedance 650 ohms
D-C Plate Voltage 7000 volts
D-C Screen Voltage 1200 volts
D-C Control-Grid Voltage —150 volts
Peak

Sync Level Black Level
D-C Plate Current 6 4.5 amps
D-C Screen Current 230 100 ma
D-C Grid Current 90 45 ma
Peak RF Grid Voltage 280 220 volts
Driving Power 500 300 watts
Plate Power Input 42 32 kw
Plate Dissipation 16 16.5 kw
Useful Plate Power Qutput 26 15.5 kw

FOR THREE YEARS THE EIMAC 4W20,000A

has been proving itself an outstanding
power tube in a variety of electronic appli-
cations, In VHF-TV operation it gives an
easy 25 kw peak sync power output with only
500 watts driving power. This high power out-
put with low driving power requirements is
typical of Eimac radial-beam power tetrodes.
Rugged 4W20,000A construction includes a ce-
ramic envelope that minimizes losses and increases
operational life. In pulse service, FM and TV apera-
tion the 4W20,000A is the only time proved tretrade
in its power class.

Information oboui the 4V¥/20,000A or
any of Eimac’s complere line of electron
power tubes cao be obtained by writing
our Application Engineering department.

The Power for v
ELTEL-McCULLOUGH, INC. sAN sRuNO, CALIFORNIA

ELECTRONICS — October, 1953 Want more information? Use post card on last page. 65
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Things are humming in Wapakoneta, Ohio. There,
about 10 miles west of the Dayton-Toledo coaxial
cable is the new plant of Superior Tube Company.
This plant complements the production capabili-
ties of the Superior main plant, takes care of
your ever-increasing demands for television and
military purposes.

Superior nickel cathodes are made in a wide range
of types, 0.D.’s, wall thicknesses and lengths—with
or without bead—and in active, normal and passive
alloys, depending upon the application and the
degree of emission required.

Superior produces both Seamless and Lockseamt

nickel cathodes. For many electron tubes Lockseam

*Main Superior Tube plant at Norristown, Pa.
NEW Superior Tube plant at Wapakoneta, Ohio

— o o Q B

Cathode

Seamless Nickel Cathode
Round, single bead, .045’
0.D. x 002" Wall. 27
mm long.

Lockseamt Nickel
Cathode Rectangle,
single bead, .030°’ x
.100°° O.D. x .0021*"
Wall. 13 mm long.

Seamless Monel, Ex- Disc

anded and fioanged.
Exp. ta 165 /168"
I.D.—F, to .230”)
139 O.D. x 005"
Wall x 1100 long.

Want more Information? Use post card on last page.

1217 0.0, 312"

long.

—made by a patented process from strip stock—has
an economic advantage. Superior Seamless shows
great advantages in uniformity, close tolerances, and
small 0.D. for sub-miniature tubes.

Superior equipment is more than matched by the
care taken in production. Each melt of alloys is
laboratory-checked for emission and performance.
Many extraordinary precautions are taken in manu-
facture to avoid contamination.

Before you order cathodes, first see what Superior
engineering, quality, and delivery can do for you.

Many other types of nickel cathodes—made in Lockseam

from nickel strip, disc cathodes, and a wide variety of anodes,
grid cups and other tubular fabricated parts are available from
Superior. For information and Free Bulletin, address

Superior Tube Company, Electronics Division,

2500 Germantown Avenuve, Norristown, Pa.

%’ 0.D.

f{Manvufactured under U.S. Patents

www americanradiohistorv com

All analyses .010" to

Certain anclyses (.035"'Max.
wall) up to 1%°* O.D.

October, 1953 — ELECTRONICS
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THE IRON FIREMAN

A Robot’s Secret

Tron Fireman learned many years ago that
the real secret of any automatic device is
in the controls and instruments which regu-
late its operation. This i1s the reason that
Iron Fireman has long had a separate
division for producing the instruments,
controls and motors used with its world-

Vertical Gyros

Motor-driven Timers Fire and Heat Hi-Speed Relays
Detectors and Choppers

famous heating equipment.

Today, many types of precision devices
are mass-produced at the large Electronics
Division plant—by people with a quarter-
century of experience. This experience has
made possible aircraft and electronics com-
ponents featuring new and better designs.

2
et

Spin Motors

For more information write

IRON FIREMAN

2800 S. E. NINTH AVENUE,

L 7

DIVISION

PORTLAND 2, OREGON

Want more information? Use post card on last page.
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POWER SUPPLY

VOLTAGE
REGULATED

' MODEL 700

The Kepco Model 700 features one regulated
voltage supply with excellent regulation, low
ripple content and low output impedance.

SPECIFICATIONS

QUTPUT VOLTAGE DC: 0-350 volts continuously variable.

QUTPUT CURRENT DC: 0-750 milliamperes continuous
duty.

REGULATION: In the range 30-350 volts the output volt-
age variation is less than ¥%2% for both line fluctua-
tions from 105-125 volts and load variation from

minimum to maximum current,
RIPPLE VOLTAGE: Less than 10 millivolts.

FUSE PROTECTION: Input and output fuses on front panel.

Time delay relay is included to protect rectifier tubes.
POWER REQUIREMENTS: 105-125 volts, 50-60 cycles.

OUTPUT TERMINATIONS: DC terminals are clearly
marked on the front panel. Either positive or negative
terminal of the supply may be grounded. DC termi-
nals are isolated from the chassis, A binding post

mounted on the front of the panel is available for

FOR NEW POWER SUPPLY CATALOG — WRITE DEPT. #1

iy

connecting to the chassis. All terminals are also
brought out at the back of the chassis.

METERS:
Ammeter: 0-1 ampere, 4" rectangular.
Voltmeter: 0-500 volts, 4" rectangular.

PHYSICAL SPECIFICATIONS: Cabinet height 22%",
width 21%", depth 15%". Rack panel height 217,
width 19", color gray, panel engraved.

CONTROLS: Power on-off switch, H.V. on-off switch, H.V.

control.

0-075 Amp-

0-1.50 Amp-
0-2.25 Amp-
0-3.00 Amp-

KEPCO LABORATORIES

131-38 SANFORD AVENUE

Want more information? Use post card on last page.

FLUSHING 55, NEW YORK

October, 1953 — ELECTRONICS



GLASS-TO-METAL VACUUM SEALS COMPETITIVELY PRICED

These glass-to-metal vacuum seals are quality products
manufactured from glass and metals carefully selected for
their closely matched expansion coefficients. Thermal shock
tests are performed on every seal during the hot tin dipping
operation which is conducted at the extreme temperature of
530° F. This plating procedure insures clean parts which will
solder readily whether heating is accomplished by hot plate,

soldering iron, hot strip, or soft flame, AND WITHOUT
DANGER OF BREAKAGE DUE TO THERMAL SHOCK.

Experience, selected materials, engineering skill, and con-
trolled manufacturing combine to make Constantin vacuum
seals leaders for their sturdiness, long life, and excellent
electrical performance.

Seals are available in both High Compression and Kovar to hard glass types.

MULTI-PIN CON PLUGS
A wide variety of stand-

ard sizes and configura-
tions available. Leaders in
the field specify CON-
STANTIN CONNECTORS for
their ruggedness and reli-
able performance.

é s

MULTI-PIN HEADERS

tight, glass-to-
metal sealing makes CON-
STANTIN HEADERS ideal
for wuse in products de-
manding o stabilized at-
mosphere, and protection
from temperature extremes
and climatic conditions.

Yacuum

Also manufacturers of —

TRANSISTOR MOUNTS
Constantin glass - to - metal
vacuum sealed transistor
mounts are available as a
standard line in various
sizes and configurations.
Other types may be fabri-
cated to your design speci-
fications.

TERMINALS

Avdailable in all ¢combina-
tions of hooks, eyes, tubes
and pierced flats. Precision
built and especially noted

for sturdiness and high
electrical performance.

CONDENSER END SEALS
Manufactured to assure a
stabilized atmosphere wn-
der any conditions, these
seals are excellent for ca-
pacitors, filters, delay lines,
and precision resistors.

i} ,(// ‘/// (Z}!J!ff/}/ /,% & (gﬂ.

CRYSTAL HOLDERS
VACUUM COATING EQUIPMENT
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MANUFACTURING ENGINEERS
Rt. 46 and Franklin Ave., Lodi, N. J.
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Being the only genuine thermotipple in existence,
she’s apt to be temperamental. At low trequen-
cies, her transient response gets so transient it
takes a shot of plutonium to make her respond
at all. The only thing that keeps her from being
outright neurotic is the fact that all her compo-
nents are standard Ucinite parts and assemblies.
Switches, connectors, sockets, mountings . . .
every one of the precision-made devices shown

The

ELECTRICA. ASSEMBLIES

UCINITE CO.

Newtorville 66, Masez.

Robot Electronic Thermotipple...

here is evidence of our ability to fill the varied
and highly specialized requirements of our
customers.

With an experienced staff of design engineers...
plus complete facilities for volume production,
we are capable of supplying practically any need
for metal or metal-and-plastics assemblies. Call
your nearest Ucinite or United-Carr representa-
tive for full information, or write directly to us.

Specialists in

Division of Uri-ed-Carx Fastener Corp.

Want more information? Use post card on last page.
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ashestos insulated wire and cable for
your power supply requirements

Rhode Island’s broad range of ashestos-insulated
Besto-Wire includes a variety of fixture wires, U. L.
approved for 300-volt service at 150° C....
switchboard eables for 600 volts at 125° C....heater
cords for all types of appliances...specially
constructed range wires for easy stripping

and high heat applications,
Write Dept. E-10

today for new Besto-Wire . .. time tested for consistently

illustrated brochure fine performamce.

NATIONAL SALES OFFICES: 624 SOUTH MICHIGAN BLVD. + CHICAGO 5, ILLINOIS + HARRISON 7-6050

RHODE ISLAND INSULATED WIRE COMPANY, INC.

50 BURNHAM AVENUE ¢ CRANSTON ¢ RHODIE ISLAND

ELECTRONICS — October, 1953 Want more information? Use pust card on last page. il
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-hp- 612A — VERSATILE, DIRECT READING.
FOR UHF-TV, OTHER WORK 450 TO 1,200 mc

This master oscillator-power amplifier generator is especially de-
signed for UHF-TV measurements including receiver and amplifier
gain, selectivity, sensitivity and image rejection. It is also a con-
venient, direct-reading laboratory power source for driving bridges,
slotted lines, antennas and filter networks. Both frequency and
output are directly set on large, precisely calibrated dials. No charts
or interpolation are required.

Model 612A has a maximum output of 0.5 volts into 50 ohms
over its entire frequency range. The instrument also has low in-
cidental fm and broad band modulation up to 5 mc. It may be
modulated internally or externally, amplitude modulated, or pulse
modulated (good rf pulses 0.2 usec or longet). Pulse modulation
may be applied to the amplifier; or direct to the oscillator when
high on-off signal ratios are required.

800 TO 2,100 mc

BRIEF SPECIFICATIONS

Frequency Range: 450 to 1,200 mc, 1 band.

Accuracy: Calibration 3=1%. Resettability bet-
ter than 5 mc at high frequencies.

Output: 0.1 uv to 0.5 v continuously variable.
Calibrated in volts and dbm. Impedance 50 ohms.
Max. VSWR 1.2. Accuracy =1 db entire range.

Modulation: Amplitude: From 0 to 90% indi-
cated by panel meter.

Envelope Distortion: 2% at 30% modulation.

Internal: Fixed modulation frequencies, 400

and 1,000 cps.
External: Any frequency 20 cps to 5 mc.
Pulse Requirements, External Modulation:

Pulse to Amplifier: Good pulse shape at 0.2
usec length.

Pulse to Oscillator: 1.0 usec minimum.
Size: Cabinet 12" x 14" x 18" deep.
Price: $1,200.00

-hp- 608A VHF Signal Generator provides
output ranging from 0.1 gv to 1.0 vinto 50
ohms. Accuracy is #1 db. Direct reading
frequency and output calibration; no charts
or 1nterpolation required. Pulsed, cw or
amplitude modulated output (50 cps to 1
mc). Resettability better than 1 mc. Has
master oscillator-power amplifier forwidest
modulation capabilities. Constant internal
impedance. Maximum VSWR 1.2.$850.00

-hp- 614A UHF Signal Generator provides
output ranging from 0.1 uv to 0.223 v
(1 mw) into 50 ohms. Accuracy +1db. Has
single dial, direct reading frequency and
output, no charts or interpolation. Offers
cw, fm or pulsed output. Widely variable
pulsing, synchronizing, delay and trigger-
ing features. Extremely fast rise/decay time
of 0.1 usec. Constant internal impedance.
Maximum VSWR 1.6. $1,950.00

HEWLETT-PACKARD

72 Want more Information? Use post card on last page.
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BRIEF SPECIFICATIONS
Frequency Range: 3,800 to 7,600 mc. 1 band.

Calibration: Direct. Accuracy better than 1%.

Stability: Frequency: less than 0.006% per °C
change.

Line Variation: == 10 v causes less than 0.01%
frequency change.

Output: 1 mw/0.223 v to 0.1 uv into 52 ohms.
(0 to =127 dbm).

Modulation: Internal or external pulse, fm, or
internal square wave.

External Sync: (1) Sine wave 40 to 4,000 cps,
5 10 50 v rms.
(2) Pulse signals 40 to 4,000 pps, 5 to 50 v (pos.
and neg.). Pulse width 0.5 to 5 usec. Rise time
0.1 1o 1.0 usec.

Size: Cabinet 16%" x 13%2" x 16" deep.
Price: $2,250.00

-hp- 618B — VARIED PULSING CAPABILITIES,
DIRECT READING. RANGE 3,800 TO 7,600 mc

Model 618B offers faster, more accurate measurement of component
performance in radar, radio relay and TV carrier systems and similar
field and laboratory applications. Frequency is generated in a reflex
klystron oscillator; accuracy and stability ate high throughout the
instrument’s wide frequency range. Frequency and voltage are directly
set and read. Dial tuning is tracked automatically, and no voltage
adjustment is required during operation.

Extremely wide pulsing capabilities have been built into -5p- 618B.
The instrument may be internally or externally pulse modulated, in-
ternally square wave modulated and frequency modulated. The repeti-
tion rate is continuously variable between 40 and 4,000 pps. Pulse
width is variable 0.5 to 10 usec. Sync-out signals are simultaneous
with the tf pulse or in advance by any time-span from 3 to 300 psec.
The instrument also may be synchronized with an external sine wave,
or with positive or negative pulse signals.

1,800 TO 4,000 mc

-hp- 616A UHF Signal Generator offers the
same simple operation, wide pulsing capa-
bilities, high stability and accuracy as -Z -
618B, but is designed for UHF frequencies.
Output ranges from 0.1 pv to 0.223 v (1
mw) into a 50-ohm load. Accuracy is &1
db. Output may be cw, fm or pulsed. Mod-
ulation and synchronizing features are sim-
ilar with -hp- 618B. Oscillator section is a
reflex klystron. Frequency changes are auto-
matically tracked and no voltage adjustment
is needed during operation. Frequency and
output are directly ser and reaa on large,
carefully calibrated dials. No charts or inter-
polation are needed. $1.950.00

For complete details, see your -bp- field representative or write direct
HEWLETT-PACKARD COMPANY
2524A PAGE MILL ROAD + PALO ALTO, CALIFORNIA, U. S. A.

Data subject to change without notice. Prices f.o.b. factery.
! gekwiifiont noticelLices|l.0-Datac oty Export: FRAZAR & HANSEN, LTD., San Francisco » Los Angeles s New York

INSTRUMENTS
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COMMUNICATIONS SUPERVISORS:

e s I X elele)

coverage for S 7007

Here are the plain facts that speak for ‘ — “
themselves of $24,300 savings. T’ :
To increase the “talk-back” range of i n .,: )
one-hundred cars from 20 miles to = )
25 miles—corresponding to an increase of E_-:i/
50% in area coverage—one-hundred 15 - )
watt transmitters must be replaced with . -
60 watt transmitters . .. at an =
approximate cost of $25,000. ;‘@]’?
)

You can get the same coverage by
installing an Andrew 3000-type antenna
for only about $700.

One postcard can save you over $24,000.
Before you buy, write us for a complete g
analysis of costs and antenna types ‘
to meet your needs. \

Adrea

CORPORATION
363 East 75th Street . Chicago 19
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You Can Depend on COMMUNIC! ACCESSORIES for

THROW AWAY the special washers and
tubings used in your present mechanical
mouatings of toroids. C-A-C Advanced Design
provides a molded-in brass bushing with
center hole sizes to clear (type A} or

tapped (type B) for a 6/32 screw.
AN

EXCLUSIVE

C-A-C

DEVELOPMENT

PRESSURE ENCAPSULATION in low loss plas-
tic provides a dense molding of extremely
uniform dimension. We’ve cycled them from
—73°C to 150° C—boiled them for hours
in salt water—without any significant change.

TERMINALS are brass, silver-plated. Located
for ease of connection. Any reasonable num-
ber of terminals may be provided. Units may
be stacked and mounted with a single screw.

TOROIDAL INDUCTORS
Data For Standard Types

Normal Appr. Size Useful Freq. Qmax @ lac-
Type Lmax. O.D.xH Range Freq. T.C. ma

* 206 3.0Hy .90x 40 UptolI5KC 140@ 9 KC 1 23
x4+ 930 17.5Hy 1.20x 60 Upto ISKC 170 @ 75KC | 42
254 35 Hy 1.85x 85 UptolI5KC 220@ 5 KC 1 &7

466 60 Hy 2.15x1.00 UptoI5KC 20@ 5 KC 3 95

% 848 1.4 Hy .90x .40 10-50KC 170 @ 20 KC | 33
*% 395 8.0Hy [.20x .60 10. 50 KC 220@ 20 KC | &l
381 17.0 Hy 1.55x .65 10- 50 KC 250 @ [7.5KC 3 7I

* 608 600 Mh .90x .40 30- 75 KC 165 @ 60 KC 3 50
579 7.5 Hy [.55x .65 30- 75KC 185 @ 30 KC 2110

* 041 320 Mh .90x .40 50-200 KC 115 @ 120 KC 3 é8
013 4.0 Hy 1.55x .65 50-200 KC 145 @ 70 KC 3 150

REMARKS

Qmax-—VaIues taken at approx. .0l lac. Q decreases
with increasing current to about .50 Qmax at
1.0 lac—higher inductance values have lower
Qmax at lower frequency due to dielectric
losses of winding distributed capacity. All
values are for inductors wound with Heavy
Formex wire.
T.C.—Temperature characteristics as follows:
|—approx. 100 ppm /°F

2— = .1% 55 to 90°F
3— — .1% 30 to 130°F
{most types with temp. characteristic | are

available with characteristic 3 at no sacrifice
in performance)

tac—r.m.s. current which raises 0.1 Hy inductor to max.
(2% above initial) inductance — (1% increase
occurs at approx 0.35 lac.

* FINISHED SIZE—1-1/16" O.D. x 1/2” THICK
* % FINISHED SIZE—1-5/16" O. D..x 11/16” THICK

COMMUNICATION ACCESSORIES . CGompany

HICKMAN MILLS; MISSOURI
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A NNOUNCING...

sl i od o B D 85 T
Shown approximately full size.

C.T.C.’s new

CST-50 capacitor

with greatly increased range, greater stability

0]

3 52
F ¥ &
: 12) ' ’ 7
: (3)
! %
]
=
%
(4)
o

5 & o |

S A s it AR S S el

€xploded view of the CST-50 capacitor
shows: (1) ring terminal with two soldering
spaces; (2) metallized ceramic form; (3)
spring-type S-shaped tuning sleeve*; (4)
split mounting stud; (5) locking nut.

® Patent Applied For

76

Surpasses the range of capacitors
many times larger in physical size.

The new CST-50 variable ceramic
capacitor embodies a tunable* element
of such unusual design it practically
elinfinates losses due to air dielectric.
As a result, a large minimum to maxi-
mum capacity range (1.5 to 12 MMFD)
is realized — despite the small physical
size of the capacitor. This tunable* ele-
ment is a spring-type, S-shaped tuning
sleeve* which maintains constant maxi-
mum pressure against the inside wall of
the ceramic form.

Other Design Features

The CST-50 stands only 19/32” high
when mounted, is less than 2 ” in di-
ameter and has an 8-32 threaded

CAMBRIDGE THERMIONIC
CORPORATION

i &:{;.1
custom or standard . . .’¥,
R RS b

Write for Free Catalog #400 containing complete data on the entire CTC line.

Want more information? Use post card on last page

wWwWwW americanradiohistorv com

ey =
the guaranteed components

mounting stud. The mounting stud is
split so that the tuning sleeve* can be
securely locked without causing an un-
wanted change in capacity. The tuning
sleeve* is at ground potiential. The
CST-50 is provided with a ring ter-
minal which has two soldering spaces.

All C.T.C. materials, methods and
processes meet applicable government
specifications. For further information
on C.T.C. components and C.T.C.’s
consulting service (available without
extra charge) write us direct. Cam-
bridge Thermionic Corporation, 437
Concord Avenue, Cambridge 38, Mass.
West Coast manufacturers contact:
E. V. Roberts, 5068 West Washington
Blvd.,Los Angeles and 938 Market St.,
San Francisco, California.
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MINERAL OlL
IMPREGNATED*

Extremely stable
over wide operating
temperature range.

WA Molded Capacitor Construction

SEAL

A Major Achievement in

Positive, heat
resistant, non-
inflammable bond
seals leads and

SN . . and Performance

DRY ASSEMBLED

Insures uniform high
quality and uncon-
taminated capacitors.

o ‘ ] ', ATTRACTIVE YELLOW MOLDED
Z w ASTRON ) i PLASTIC SHELL

Non-inflammable. Will not burn or
melt under soldering iron or flame.

FIRMLY SECURED LEAD

Can't be pulled out, even
under soldering iron heat.

>
_ N\ PATENT
d BONDED PENDING ,
e lord N
BONDED SEAL

Positive, heat resistant, non-inflammable bond
engineered and produced seals leads and shell, locks out humidity.

TIGHT SEAL | TOUGH SHELL

+++ BONDED BLUE-POINT « .. MOLDED PLASTIC TUBULAR
+Trade Mark

Now — Heat and Moisture PROTECTION To A Degree Never Before Possible!

Outstanding Performance in Hot and Humid Climates ! point seal itself makes ingenious use of a special
X . thermo - setting, heat - resistant, non-inflam -
Here at last is a capacitor that affords absolute  mable bonding agent as a positive protection
protection under every condition—a capacitor against. moisture.
you can rely on completely—_ASTRON With the Astron Blue-Point, you may solder
BLUE-POINT, the bonded capacitor. leads as close to the capacitor as you like.
This capacitor is produced by an exclusive  Leads will not pull out, nor will the heat of
new design and manufacturing process (patent the soldering iron damage the lead or
pending) developed by Astron engineers. the connection.
The all-important blue point which distin- Further, every Blue-Point is clearly marked
guishes this new capacitor actually bonds itself  with rated voltage and capacitance, and is
to the tough, heat-resistant outer shell and imprinted with outside foil identification.

DEPEND ON —INSIST ON

leads—forming the tightest seal against moisture The Astron Blue-Point Capacitor gives you

. ever produced! greater protection against heat and moisture
y The Blue-Point dry-assembly process—as at every stage—assuring long life and depen-
\ used in hermetically sealed metal encased capac- dable performance from every unit—to a degree

itors— prevents contamination, provides still never before possible with molded plastic
further protection against moisture, and assures capacitors.

uniform quality and dependability for every From now on, look for the Blue-Point—ask
Blue-Point. for exclusive Astron Blue-Point Capacitors by

The Blue-Point is mineral oil impregnated®* name ... more than ever before, depend on,
for continuous operation at 85°C. The blue insist on ... ASTRON!

*For bulletin AB-20A, with complete engineering data and listings,
write: Astron Corporation, 235 Grant Avenve, East Newark, N. J.
Astron manufactures a complete line of dry electrolytic capacitors, metallized
paper capacitors, plastic molded capacitors, standard and subminiature paper
capacitors and RF interference filters for every radio, television and electronic use.

PATENT
PENDING

Export Division: Rocke Internationat Corp.,
13 E. 40th St.,, N.Y.C. In Canada: Charles W.
Pointon, 1926 Gerrard St., East, Toronfo. ASTRON CORPORATION + 255 GRANT AVENUE o EAST NEWARK o NEW JERSEY
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electrical insulation headquarters

mitchell=-

rand

miraglas-A fiberglas tapes

for general purpose class A electrical insulation

MIRAGLAS-A FIBERGLAS TAPES

COMPARED WITH COTTON ARE MUCH MORE ECONOMICAL...
being half as thick they cover more area . . .
OR RAYON having twice the tensile strength they provide
longer life and better performance . . . woven of
FOR GENERAL PURPOSE long staple fiberglas yarn they withstand high
CLASS A APPARATUS temperatures and won‘t burn or rot . . . and

MIRAGLAS-A FIBERGLAS TAPES are specially treated
for machine or hand winding.

MITCHELL-RAND CAN MAKE IMMEDIATE DELIVERIES
/4 o -
. WD/ MIRAGLAS-A FIBERGLAS TAPES
it FOR CLASS A INSULATION USE

CERTY

TYPE CX  plain weave [EERTTINTI SNV

clvigltlgfle 1y % 1" 1‘/4"} \11'/2,,\““
Yo, |0 a2e 1 L amCip

type ) nominal
ends yarn breaking strength

26 | 150 1/0 waxed

l %" | 38| 150 ° 90
WARP iz 50 | 150 125
%" | 62 | 150~ 150
1% [ 74 [ 150 © 180
FILLING | 24 ends per inch—150 1/0 waxed yamn

TR

total

L.
ot L R < Write to MITCHELL-RAND for free samples and descriptive data.

Electrical

Insulation
Heodquarters ®

& ® 51 MURRAY ST. ¢ COrtlandt 7-9264 ¢« NEW YORK 7, N.Y.

MIRAGLAS VARNISHED TAPES, CLOTHS AND SLEEVINGS « MIRAGLAS TAPES, BRAIDED SLEEVINGS AND TYING CORDS + MIRAGLAS SILICONE TREATED CLOTHS, TAPES AND
TUBINGS « MICA TAPES, CLOTHS AND MICA-FIBERGLAS COMBINATIONS « FIBRE, PHENOL FIBRE AND MIRALITE POLYESTER RESIN SHEET INSULATING PAPERS—DURO, FISH,
PRESSBOARD, ETC. « VARNISHED CAMBRIC TAPES, CLOTH AND SLOT INSULATIONS « COTTON TAPES AND SLEEVINGS - TWINES AND TIE TAPES « ASBESTOS TAPES,
SLEEVINGS AND CLOTH, TRANSITE AND ASBESTOS EBONY « ARMATURE WEDGES AND BANDING WIRE » VARNISHED TUBINGS, HYGRADE, MIRAGLAS, HYGRADE VF, MIRAGLAS
SILICONE « THERMOFLEX AND FLEXITE EXTRUDED PLASTIC TUBING - PERMACEL MASKING TAPES AND ELECTRICAL TAPES » BI-SEAL, BI-PRENE; FRICTION TAPES AND
RUBBER SPLICE « COMPOUNDS—TRANSFORMER, CABLE FILLING, POTHEAD, ETC. « INSULATING VARNISHES OF ALL TYPES.

Want more information? Use post card on last page. October, 1953 — ELECTRONICS



Compare these RC-7 features:

® |nstantaneous speed accuracy

® Dynamic range better than 50db.

at 3% distortion
® Three-motor drive

® No friction clutch or friction
brakes

® Heavy duty construction
throughout

® Separate-erase-recording-
playback heads

® Twin speed: 72" /sec. or
15”/sec.

® Frequency response to
15,000 cps.

® Reel size: to 102" (with RA-1
adapter)

Purchase of a tape recorder is a major investment. And, with so many unproven
brands on the market, it simply does not pay to select anything but a recognized,

precision built and proven recorder.

The prREsTO RC-7 is just such a unit. Designed and manufactured by the world’s
foremost producer of precision recording equipment, the RC-7 with RA-1 reel
-adapter is today’s No. 1 buy in fine tape recorders. Here is a unit that is fully
portable for field recording, yet with the rugged construction and precision

operation characteristic of the finest studio equipment.

If you’re planning to replace an existing unit or add an additional tape recorder,
your selection of a PrEsTo RC-7 will pay long term dividends in faultless
service, ease of operation and the genuine satisfaction of owning the best.

Do you own a Presto RC-7? The RA-1 adapter
will allow you to use reels up te 102"
diameter. Write for full details and price.

: @ﬁ@ RECORDING CORPORATION

PARAMUS, NEW JERSEY

Export Division: . 25 Warren Street, New York 7, N. Y.
Canadian Division: Walter P. Downs, Lid., Dominion Square Bidg., Montreal
WORLD'S LARGEST MANUFACTURER OF PRECISION RECORDING EQUIPMENT ANKD DISCS

- wawnw americanradiohistarv.c



Ruggedized'

Connection terminals molded
into internal rubber

increase current carrying
capacity.

No desirable instrument features were sacrificed in

Tough, flat plostic windows
reduce glare and are
really shock resistant.

80

order to produce these truly ruggedized and effec-
tively sealed instruments. With typical WESTON thor-
oughness, every feature has been retained including
even the zero corrector. And frue ruggedness has been
achieved by new but thoroughly proved design con-
cepts, such as shock-resistant spring backed jewels
. . . flat windows of tough, anti-static, and glare re-
ducing plastic . . . new high-strength tubular pointers,
and a method of shock mounting and sealing that
assures accurate indications under extremes of shock,
vibration, temperatures, humidity, and downright
abuse. Available in 2V2” and 3V%” D-C, R-F, A-C
movable iron and rectifier types. WESTON Electrical
Instrument Corporation, 614 Frelinghuysen Avenue,
Newark 5, New Jersey.

¢WESTON

Want more information? Use post card on last page. October, 1953 — ELECTRONICS
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New Pressure Sensitive Silicone
Adhesives Stick To Most Surfaces;
Retain Their Excellent Adhesive
Strength From -55F To Over 250F

The newest products to come out of
our development laboratories are pres-
sure sensitive silicone adhesives that
stick to almost any materials including
silicones and Teflon. Adhesive strengths
in the range of 1800 grams per inch at
—55 F and over 1200 grams per inch
at 265 F, are far superior to those of
conventional pressure sensitive tapes.
The adhesive strength between a stain-
less steel surface and glass tape coated
with silicone adhesives is plotted against
temperatures ranging from —75 to
285 F in this Figure.

ADHESIVE STRENGTH OF SILICONE ADHESIVES
TO STAINLESS STEEL
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Uses for tapes coated with silicone
adhesives include high temperature
electrical and electronic applications;
weather and moisture resistant
wrapping and sealing tapes for low
temperature applications. One electri-
cal equipment manufacturer is already
using these pressure sensitive adhesives
to bond mica matt and integrated mica
to glass cloth. No. 1

Silicone-based Aluminum Paints
Outlast Organic Finishes 10 to 1
at Sterilizing Temperatures

Trays containing vials of aureomycin
and other antibioties at the Lederle
Laboratories Division of American Cy-
anamid Company are loaded onto racks
and sterilized for 3 hours at 446 F to
destroy pvrogens.

The organic aluminum finish on these

racks began to crack and peel, per-

mitting rust to form, after 9 to 15
(continned page 2)

FOR DATA RELATING TO THESE ARTICLES, CIRCLE REFERENCE NUMBER IN COUPON DN NEXT PAGE
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CORPORATION, MIDLAND, MICHIGAN

Flexible Silastic* Tubes Carry Air at 500 F; Prevent
Engine Failure Due to Icing Over Jet Air Scoops

Reinforced with stainless steel braid, Silastic tubing requires
minimum space; endures heat and high frequency vibration.

It was discovered shortly after certain
jet engines were put into service that
the formation of ice over air intake
scoops could choke off the air supply
and cause engine failure.

The obvious solution to this problem
was to pipe air at 500 F from the
compressor to the scoops. But that
simple solution involved many problems.

The jet engines were so tightly fitted in
their nacelles, that very little room was
left for hot air ducts of any kind.
High frequeney vibration set up by the
engine and plane introduced the pro-
blem of fatigue failure.

This was a job for a flexible tubing, a
tubing that could carry hot air without
melting, withstand the vibration and
pernit fast and easy assembly and dis-
assembly. Engineers of the Aeroquip
Corporation of Jackson, Michigan, solv-
ed the problem with flexible Silastic
tubing. Reinforced with stainless steel
braid, Silastic tubing is light and flex-
ible. It is held mechanically to the
stainless steel braid so tightly that
the tube will not collapse even when
subjected to a vacuum.

The high temperature problem of
attaching a fitting to the hose was
ingeniously solved by the new Aeroquip
“Little Gem” fittings. The total assem-
bly proved to be so effective that these
anti-icing hoses have become standard
equipment.

Despite internal and external temper-
atures as high as 500 F, the Silastic

*71. M. REG. U. S. PAT. OFF

hoses are still in excellent condition
after hundreds of hours of service.
Aeroquip has supplied thousands of
them to jet manufacturers. From 5 to
20 are required per engine, depending
upon its design.

The usefulness of Silastic in this appli-
cation confirms data collected by our
development engineers on effects of
accelerated aging at high temperatures
on the properties of Silastic. Heat
resistant organic rubber becomes brittle
in a few hours; Silastic 80 does not
crack on flexing over a 3% inch mandrel,
and hardness increases only 9 points
after more than 670 hours of continuous
aging with all surfaces of the test
sample exposed in an air ecirculating
oven at 480 F.

Silastic 80 readily meets SAE-ASTM
Specification TA805 which requires that
it have a minimum tensile strength of
500 psi; a minimum ultimate elongation
of 50 percent. After 70 hours aging in
an air oven at 450 F, increase in hard-
ness is not more than 15 points; drop
in tensile strength is less than 25 per-
cent and loss of ultimate elongation, less
than 40 percent.

In oil resistance tests, decrease in hard-
ness is less than 45 points; increase in
volume, less than 60 percent after 70
hours immersion in ASTM No. 3 oil
at 300 F. After 70 hours immersion in
ASTM No. 1 oil at 300 F, loss in tensile
strength and ultimate elongation is less
than 20 percent; decrease in hardness,

(continned page 2)
MORE )



NEW DEVELOPMENT
AND TECHNICAL DATA

For copies of any of the publications
reviewed in this column or for data relat-
ing to any of the articles printed in this
issue of the Dow Corning Silicone News,
simply circle the corresponding reference
number on the coupon below.

Expansible resins. Two new silicone resins, Dow
Corning XR-543 and XR-544, can be expanded
to produce heat-stable, non-lammable, unicellu-
lar foams with densities from 8 to 24 lbs per
cubic foot. Highly resistant to thermal shock,
these silicone foams show practically no structural
or dimensional change after 20 hours at 700 F.
Weight loss after 220 hours at 570 F is less than
2%; moisture absorption less than 0.05% after
7 days at 96% RH. Resins are easily foamed in
place, made up as sandwich structures or

machined with wood working tools. No. 5§
.

Dow Corning 1109, a durable new silicone water
repellent treatment for leather footwear, gloves,
luggage and sporting goods; minimizes water
absorption and: transmission; improves resistance
to oils and chemicals without changing the
“breathing” characteristics of leather. No. 6
*

Now available, the new 1953-54 Reference Guide
to Dow Corning Silicone Products
and applications for

A complete revision of pre-

summarizes
properties commercially
available silicones.
vious guide which some designers have reported
to be one of the most helpful catalogs ever
produced. No. 7

Silastic 6-127 paste, an excellent cloth coating ’

material and bonding agent for silicone rubber,

retains good dielectric properties over a wide

It has

superior resistance to heat and moisture; remains

flexible down to — 100 F. No. 8
°

“Tall Tales and Fabulous Facts’
page booklet built around the idea that, in our
times, the tallest tales are told technical
terms. In this publication, the tall tales our

range of temperatures and frequencies.

is a new 24

in

ancestors told about such legendary characters ‘

as Paul Bunyan, Davy Crockett and Pecos Bill are

related to some equally fabulous facts about

Dow Corning silicone products. No. 9
.

to glass, plastic and ceramic insulator bodies and

Air drying silicone water repellent for application ‘

to electronic parts and components maintains
high surface resistivity under humid conditions;
minimizes adhesion of dirt and chemical dust;

No. 10

reduces maintenance.
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Small Electric Machines and
Electronic Parts Can Now Be
Designed to Operate at 180 C.

Life and reliability can be increased,
or the size and weight of electronic
devices and fractional or miniature
motors can be reduced through the use
of bare magnet wire insulated with Dow
Corning 1360 Wire Enamel

Flexibility, scrape hardness and dielec-
tric strength compare favorably with
those of the best organic wire enamels.
Dow Corning 1360 coated wire also
shows superior resistance to a wide
variety of solvents, oils and salt water.

The results to date of the accelerated
life testing at temperatures in the range
of 200 to 275 C of several electric
motors wound according to standard
commercial procedures with 1360 coated
wire are plotted in the chart at right.

These data show that motors wound
with magnet wire insulated with Dow
Corning 1360 Wire Enamel have a life
in the range of 1500 hours at 225 C
(437 F), compared with 30 hours for
identical motors wound with the best
grade of Class A wire.

Based on the results to date of this
motor test program, we expect that the
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life of machines wound with 1360 coated
wire at 180 C will be comparable to
that of identical machines wound with
conventional Class A wire at their maxi-
mum operating temperature of 105 C.

Extrapolating from the data plotted
above, we find that the life expectancy
at 180 C of magnet wire insulated with
this new enamel is in the range of
50,000 hours compared with 200 hours
for wire insulated with the best organic
enamels. No. 4

SILASTIC continned
less than 15 points. It shows no shrink-
age and swell is less than 20 percent.

After 168 hours immersion in water at
158 F, swell is less than 10 percent and
decrease in hardness is less than 10
points. It does not become brittle on
continuous exposure at —65 F.

Silastic 80 offers another advantage in
that it can be blended with Silastic 50
to fabricate parts having any Shore
hardness between 50 and 80. These
stocks can be blended to fabricate parts
that meet SAE-ASTM Specification
TA604. Heat-stable pigments can be
used to give these stocks almost any
desired color.

In electrical applications such as wire
covering and cable coating, Silastic 80
retains excellent dielectric properties
over a wide range of temperatures and
frequencies. Cable insulated with
Silastic 80 has a dielectric strength of
450 volts/mil at 50 C; 430 volts/mil

PAINTS conrinned

hours of such service. That introduced
a costly hazard because any bit of rust
or paint chips in a tray could cause
rejection of a whole rack of carefully
prepared antibiotics.

Some time ago, the racks were sand
blasted, sprayed with a silicone-based
aluminum paint. So far, the silicone
finished racks have endured 150 hours
at sterilizing temperatures with no sign
of deterioration. As a result of that
experience, Lederle is now using sili-
cone-based paint to refinish sterilizing
equipment throughout their plant.

At temperatures in the range of 500 to
1000 F. silicone-based aluminum finishes
are used to protect stacks, exhaust
mufflers, dryers, and furnaces. Modi-
fied silicone enamels in a wide variety
of colors are used to protect appliances
such as stoves, space heaters and incin-
erators at temperatures in the range

at 250 C. No. 3 | of 400 to 700 F. No. 2
Aflanp
First in Chicago | Manufacturers of—
silicones Cleveland Silicone Fluids
Dallas Silicone Abhesives
Detroit Silicone Adhesives
] aip Silicone Relcase Agents
DOW CORNING Mldlunf_l M'Achlgrn g;:::cone gompound?
os Angeles ilicone Greases
CORPORATION New York >‘ Silicone Water Repellents
Washinat D. C Silicone Bonding Resins X
CENIDEIEm, £ -&o Silicone Electrical Insulating Varnishes

(Silver Spring, Md.)

In England: Midland Silicones Ltd., London

In Canada: Fiberglas Canada Ltd., Toront:J

Silicone Molding Compounds
Expansible Silicone Resins
Silicone Dcfoamers

Silastic




~ omE of our customers are equipped to do their own sub-assembly
work; others find it more economical to have us do it.

— Either way, we deliver the finest in sheet metal cabinets, chassis,

housings and enclosures.

If we do your sub-assembly, all that’s left for you to do is that
which you and you alone must supervise—the wiring, assembly and
testing of your-equipment. The result: faster, cheaper, more effi-
cient assembly.

Another Karp facility —sub-assembly:

the gathering place for extra enclosure-economies

And like our Assembly Department, the entire plant is dedicated
to the principle of producing the finest sheet metal cabinets, chassis,
housings and enclosures at the lowest possible price. How well we
live up to the principle is easily proved: simply send us your blue-
prints. We’ll promptly quote prices and delivery.

KARP METAL PRODUCTS CO.

Division of H & B American Machine Company
215 63RD STREET, BROOKLYN 20, M. Y.

FACILITIES FOR ENGINEERED SHEET METAL FABRICATIONS: in aluminum
or steel + long run or short + spot, arc, gas or heliarc welding « any type finish.
® Modern plant—3 city blocks long @ U. S. Air Force Certified Welding Facilities

MOST COMPLEE ® Thou:ands of dies available ® Air-conditioned spray room...complete

baking facilities
FACILITIES FCR [ Most. mo.dern of.sheef metal o
fabricating equipment ® Complete sub-assembly facilities .
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Products of Pye scientific research cover

ever-widening fields of application.

Information gained through experiment on each
project is constantly used to develop

and improve all allied manufactures.

Through advances thus achieved Pye lead the world
in quality and design of radio, television

and telecommunications equipment. TELEVISION

CAMERAS

‘“REPORTER ”
MOBILE V.H.F.
RADIO-TELEPHONE

MULTI-WAVEBAND
RADIO RECEIVER

INFRARED
SPECTROMETER

UNDERWATER pH METER AND
TELEVISION MILLIVOLTMETER
CAMERA

N

PYE LIMITED QQ CAMBRIDGE ENGLAND
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to use J
Hermetic's New @@flf e

Compression Seals

and vacuum tightness is a re-
quisite, HERMETIC’s proven compression
seals are guaranteed fo be vacuum
tight, as evidenced by Mass Spectro-
meter Test.

The following styles of prov-

en VAC-TITE compression a RUGGED seal is required

A for application under odverse design
seals are available: conditions, the massive compression
construction resists dest-uctive deflec-
Individual terminals and feed- tion and permits direct mounting of
throughs with a full range of components on the metal body.
hooked, flattened and ' pierced,
turret and lug-type terminations
for every application.

All-glass construction multi-
terminal headers featuring larger
leakage paths and an absence of
moisture pockets.

Individually glassed plates. avail-
able in a mulfiplicity of standard
designs and easily adaptable. to
special designs in a variety of
shapes and sizes for evéry re-
quirement, -

Plugs for standard sockets in sey-
eral mounting types . . . such as
octal, 7-pin miniature, ‘noval’ as
well as rectangular shapes.

Write for complete information on
how HERMETIC engineers can ap-
ply “All-Glass’ Compression Seals
to your regular or special applica-
tions. Available, too, is HERMETIC’s
Brochure CS on Compression Seals,
as well as a 32-page catalog on *VAC-TITE is HERMETIC's new vacuum
its standard line. proof compression-construction glass to
metal seal.

'

H ERMETIC SEAL PRODUCTS CO.,

ELECTRONICS — October, 1953 Want more information? Use post card on last pags.




“BRAIN €BLL" for the M"ml”

Electronic Calculator by

IBM's “701,” designed to shatter the time barrier
confronting technicians working on vital defense
projects, is the latest development in electronic cal-
culators. Its overall speed is 25 times that of its
predecessor, the IBM Selective Sequence Electronic
Calculator, popularly known as “the electronic brain.”
The “701,” known as the IBM Electronic Data Pro-
cessing Machlnes consists of eleven compact and
connected units. It performs in a few minutes
calculations which would require seven years for
a competent operator using desk model calculat-
ing machines.

The actual calculations are performed in the
Electronic Analytical Control Unit. Erie assembles
and wires 274 different eight tube multiple pluggable
units similar to that shown above for every IBM
“701.” Erie also furnishes the four tube units used in
the tape amplifiers. Erie Disc Filter Capacitors are
used on inputs of all the DC service voltages sup-
plied to the pluggable units, and all ceramic capaci-
tors in the Power unit are Erie products.

For several years Erie has had in operation a
department engaged exclusively in electronic sub-
assemblies of this nature.

Write for further details.

92k W&veuq,zg

ERIE RESISTOR CORPORATION . . . EIECTRONICS DIVISION

Main Offices:
Sales Offices: Cliffside, N.J. + Philadelphia, Po. « Buffalo, N, Y. « Chicago, 15.
Detroit, Mich. ¢ Cincinnati, Ohio ¢ Los Angeles, Calif,

Foctories: ERIE, PA, « LONDON, ENGLAND + TORONTO, CANADA

ERIE, PA.
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when

frequency control is
NorTHERN rADIO NEW

o 1 cycle per megacycle stability

e continuously variable to any
frequency from 2 to 4 mc.

In addition to accomplishing these new highs in stability
with variability, Type 173 Mode! 1 is so easy to operate that it
can be handled by completely unskilled personnel.

It is excellent as the basic control oscillator for diversity
receivers, HF transmitters, and other communication devices, or
as a laboratory standard. It also provides both a crystal-
controlled BFO and a time base 100 ke crystal oscillator as a
secondary standard; stability of the latter is 1 part in 5 million.

\ Norrmzry RaDio GOMPANY, .

147 WEST 22nd ST., NEW YORK 11, NEW YORK
Pace-Setters in Quahfy Communication Equipment

Northern Radio has long specialized in the design and
construction of Frequency Shift equipment of the types listed
below. Their dependable performance for U. S. and Allied Com-
merce, Governments and Armed Forces all over the world has
earned for Northern Radio a reputation for unquestioned leader-
ship in communications engineering and precision manufacture.

Frequency Shift Keyers
Master Oscillators

— = Diversity Receivers
Frequency Shift Converters
Multi-Channel Tone Systems

Write for complete information. Tone Keyers
Demodulators

Radio Multiplex Systems
Monitors
Tone Filters

=~ Lline Amplifiers
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These Industrial Timer Corporation timers pro-
vide accurate and highly dependable instruments for
control of a single operation or multiple operations
(simultaneously or in sequence).

OUTSTANDING FEATURES ARE:

(1) the wide range of over-all time cycles obtainable
from any one model,;

(2) the ease with which over-ull time cycles can be
changed;

(3) the simplicity with which individual cams can be
adjusted for ON and OFF periods, and positioned in
specific timing sequence.

Series (M CAM RECYCLING TIMERS

The Series CM Cam Recycling Timer repeats a definite
electrical ON and OFF time cycle continuously. The cam
is coupled to the motor by means of a simple gear and
rack assembly—and the over-all time cycle can be easily
changed by substituting gear racks. (Bulletin 33)

Series MC MULTI-CAM TIMERS

The Series MC Timer is identical to the CM Timer, but
operates 2 to 6 circuits. All cams are mounted on a
single shaft, which assures a common time cycle for all
circuits. Each cam, however, is independently adjustable
for a specific timing sequence. (Bulletin 34)

Series RA SINGLE CYCLE CAM TIMERS

The Series RA Timer provides a single time cycle upon
being actuated electrically from remote control. A pawl
on the cam eliminates necessity for prolonged closing
of relay switch when starting. (Bulletin 35)

Series RC SINGLE CYCLE MULTI-CAM TIMERS

The RC is identical to the RA, but operates from 1 to 6
additional circuits. Thus it provides all the features of
the Series MC Timer, plus the single cycle control
afforded by the RA. (Bulletin 35)

Send us specifications, and we shall make recommendations based
on your particular needs. Bulletins sent free on request.

MANUFACTURERS OF THESE AND OTHER TIMERS AND
CONTROLS FOR INDUSTRY— Time Delay Timers * Manual
Set Timers ¢ Tandem Automatic Recycling Timers ® Running
Time Meters ¢ Instantaneous Reset Timers

T omerehar- Canirol 1!/,,!‘.@,7,) INDUSTRIAL TIMER CORPORATION

the Pulse Beat of Inaustry 131 OGDEN STREE T, NEWARK 4, N. J.
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Selenium available today is remarkably free of unwanted impurities. Bradley controls it
still further through an exclusive vacuum process. This laboratory control method, applied
at Bradley on a production line basis, is further assurance of uniform quality and more
stable rectifier performance. You. pay no more for this extra quality — frequently, less.

Vacuum Processed Bradley Rectifiers
a plus in your circuit but not in your cost

O Plates for Bradley rectifiers — from miniature types to large
O power stacks — havé selenium applied under vacuum, Vacuum
""" """ processing removes undesirable impurities and permits closely

controlled modification of selenium with desired “impurities”.

Vacuum processing also prevents entry of atmospheric
impurities during the crystallization of selenium on the plate
"— a most critical period. Better crystallization results and
this, in turn, means a better rectifier.

RECTIFIER STABILITY, longevity and uniformity are the sum of many things.
One determining factor is the quality of the selenium crystalline structure.
The better or more closely controlled this structure, the better the rectifier.

Bradley, through its unique vacuum process, uses the most advanced safe-
guards to assure excellent crystalline structure. It’s one big reason why we
can rate our rectifiers conservatively, why you can be sure of Bradley
stability and long life under operating conditions. Vacuum processing is
coupled at Bradley with engineer inspection at all points of production.
This laboratory control saves time and materials, which are translated into
low unit cost to you. For a plus in your circuit but not in your cost, specify
Bradley rectifiers.

For further information or consultation, write or phone our sales engineer-
ing department. Special problems are welcomed.

SELENIUM AND COPPER OXIDE RECTIFIERS

VACUUM PROCESSED for PERFORMANCE AS RATED

SELF-GENERATING PHOTOELECTRIC CELLS

The complete selenium rectifier ine — from microamperes to thousands of amperes

BRADLEY LABORATORIES, INC., 168E Columbus Avenue, New Haven 11, Conn.
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New metal-clad subminiature cupaciors

withstand extreme temperatures

Permafil solid dielectric permits
operation up to 125C without derating

RUGGEDLY CONSTRUCTED G-E subminiature
metal-clad capacitors meet all requirements
of JAN-C-25 and the proposed MIL-C-25.

Here’s a complete new line of
General Electric metal-clad sub-
miniature capacitors designed to
meet difficult operating condi-
tions. Now you need no increase
in capacitor size for applications
with high working temperatures.

G.E.’s exclusive permafil
solid dielectric eliminates the
possibility of leakage without de-
rating from —55C to +125C—
and up to +150C with proper
derating. Silicone bushings give
high shock resistance—both ther-
maland physical-—and leadscanbe
soldered right up to the bushing.

Muf ratings range from .001 to
1.0 muf in 100, 200, 400 and 600
volts d-c working. They can be
operated at full voltage up to
altitudes of 50,000 feet.

If you need even smaller capac-
itors, G.E. has introduced another
line of new Pyranol* (liquid-filled)
metal-clad capacitors. These are
designed for operation from —55C
to +85C without derating and
offer the same electrical advan-
tages as their permafil cousins.
For further information on per-
mafil capacitors, send for new
Bulletin GEC-987.

GENERAL @B ELECTRIC

Want more information? Use post card on last page.
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TIMELY HIGHLIGHTS

ON G-E COMPONENTS

® ® [ ] [
Compact high-voltage components huilt for extra long service life
These G-E high-voltage components offer a =y | R PR\ Ey e
continuous-service life for long periods under ; '
extreme temperatures and mechanical
shocks. All are oil-filled and hermetically
sealed to resist moisture, dirt and dust. For
applications 5000 volts and hlgher where
corona must be held to a minimum, a wide
range of ratings can be tailored to meet
your needs. In your inquiry, please include
all functional requirements, any physical
limitations, and expected quantities. Contact
your G-E Apparatus Sales representative
for more information.

|
1
1

Rectifiers Reactors Transformers

& LR

Detects, measures light accurately

G-E photovoltaic cells—for applications
where electronic amplifiers are not
practical—provide extra-high output
with stability and long life in capturing
light energy and converting it into
electrical energy. This self-generating
power plant can detect, measure, and
control light-—and can measure varia-
tions in colors. These G-E cells are
available in a hermetically sealed series
with standard mountings, and in a wide
variety of mounted and unmounted
sizes. See Bulletin GEC-690.

Speeds solution to field problems

The G-E analog field plotter offers a
valuable aid to electronics equipment
engineers in simplifying complex field
studies. Problems in electrostatics,
electromagnetics, and many other fields
are rapidly solved with this sensitive,
versatile plotting board and associated
equipment. It needs only a low-voltage
d-c supply, and is not affected by line-
voltage variations. Explanation and
instructions are covered in a 50-page
manual accompanying plotter. For de-
tails, see Bulletin GEC-851.

EQUIPMENT FOR

I General Electric Company,

Cover wide temperature range

—55C through +100C—that’s
the wide range covered by these new

From

G-E miniature selenium rectifiers.
Stacks—available for either lead or
bracket mounting—have the same out-
standing features as larger G-E
selenium cells: long life, good regulation,
high reverse resistance, and low heat
rise. For protection, they are enclosed
in either Textolite* tubes, or hermet-
ically sealed in metal-clad casings. For
more data, contact your G-E Appa-
ratus Sales representative.

|
I
|
1
|
J

ELECTRONICS MANUFACTURERS

Apparatus Sales Division, Section B667-26
Schenectady 5, New York
Please send me the following bulletins:

Components Fractional-hp motors
Rectifiers
Meters, Instruments Timers

Dynamotors Indicating lights
Capacitors Control switches
Tronsformers Generators
Pylse-forming networks Selsyns

Delay lines Relays

Reactors Amplidynes
Thyrite™ Amplistats
Motor-generator sets Terminal boards
inductrols Push buttons
Resistors Photovoltaic cells

Voltage stabilizers Glass bushings
*Reg. Trade mark of General Eleciric Co.

Development
and Production
Equipment

A/ for reference

Soldering irons

X for immediate project
[J GEC-690 Photovoltaic Cells

<
777 S I

77 |m75|953 Vtv

“A; VEARS OF ELECTRICAL LL
= PROGRESS L2
Sy 7~

_l____\__..___...

[T GEC-851 Analog Field Plotter SN -

Resistance-welding . . AALL

control Permafil Capacitors
Current-limited high-

potentiol tester Nome _
Insulation testers !
Yacuum-tube voltmeter Company — -
Photoelectric recorder l
Demagnetizers City e = State _l

|
J
|
|
|
|
| O GEC.987
I
I
!
|
|
I
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"Serap” Iron!

This lady has “pressing problems™. She’s all set uct. Chances are there

to iron but suddenly the fasteners that hold her
gleaming new iron together have disappeared.
Without them, her beautiful iron is just scrap.

This is graphic proof that the “unseen work-
men” — the fasteners that hold your products
together ARE important. Without them there #s

no product.

So take a tip from Lamson and pay attention to
the bolts, nuts and screws that go into your prod-

MACHINE SCREWS

Precision made for
fast, ecanomical
assembly.

9

PLUG NUTS

Ideol for blind or
hard-to-reach
places.

are many opportunities
for you to save time and
money on the assembly
line by using more effi-
cient, or less expensive
fasteners.

Lamson & Sessions will

L
Wy

PHILLIPS HEAD SCREWS

Self-aligning and straight-driv-
ing features assure you of fost,
economical assembly.

Their nea!, modern appear-
ance in the finished product
show the potential customer
the careful attention to detail
spent on the product. Sales
often "hinge” on just such
attention.

saving money on fasteners. Just call on us . . .

be happy to help you ferret out these opportunities for

anytime,

The LAMSON & SESSIONS Co.
1971 West 85th St. ® Cleveland 2, Ohio

Plants at Cleveland and Kent, Ohio » Birmingham +» Chicago

FOR PROMPT DELIVERY AND HELPFUL SERVICE,
ORDER FROM YOUR LAMSON DISTRIBUTOR

TAPPING SCREWS

Choice of round,
pan, truss, flot
oval, hexagon
and Phillips

Also semi-finished,
hot pressed and
cold punched nuts.

"1035" Hi-Tensile
Heat.treated
steel.

Want morc information? Usec post card on last page.
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SQUARE AND HEX
MACHINE SCREW
CAP SCREWS NUTS LOCK NUTS

Economica!, vibra-
tion proof. Can be
used repeatedly.

) {
r )\/

'1035'" SET
SCREWS
Cup point type,
haordened ond

heat-treated.

COTTER PINS
Steel, brass, olu-
minum ond stain-
less steel.
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Wide Selection of Material
Imperative to Lowest Cost
Paper Tube Production

Actual gize photograph unrelouchzd

Stone has mare then ZCO kinds, gredes and thicknesses of materials available for the production of your
small diameter pcper “ibes.

This wide selecrion nears that Stone spiral wound paper tubes have a flexibi ity ¢f application not found
in other more stondardic =d ma-erials. Naturally, this results in the lowest possib e cost to you.

Included in this extersive selection of more than 200 stocked by Stone for mmediate production are

numersus jrades cf hi-c elzctric kraft, fisa paper, absorbent papers, asbestos, and shaste films such as acetates
and oolystyreres.

Stone’s well kncwn precisioa production methods guarantee that these matericls wil meet your most rigid
specifications.  Call or write us today for prompt attention.

STONE PAPER TUBE COMPANY, INCORPORATED
STONIZED PRODUCTS COMPANY, Inc.

900-922 fFranklin Street, N. E., Washingten 17, D. C.
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PRECISION
RESISTORS

MIL-R-93A ‘NEW SEALED TYPES 0 “Ca

Over 2 years of laboratory development and testing were required to achieve
o sealed resistor design vp to Mepco's standard of quality. No sacrifice of
our standard time-proven features has been made in order to perfect this
sealed resistor,

Completely hermetically sealed, these resistors provide perfect protection
against immersion and high humidity.

All requirements of MIL-R-93A and JAN-R-93 are exceeded.

The operating temperature is —65°C to + 125°C, Temperature coefficients
of .003% /°Cto *.017% /°C depending upon your requirements. {Refer
to MIL-R-93A).

Other sizes available on special order.

MIL-R-93A JAN-R-93 STANDARD TYPES

Our standard time proven JAN, MIL and Commercial lug terminal resistor.

Manvfactured and 100 % tested in accordance with the applicable specif-
ications, these resistors are vsed by every major electronic equipment manu-
facturer in the country,

Reversed and balanced Pl-windings for low inductance, with use of only the
finest resistance alloys.

Impregnated with approval fungus, moisture and salt waterproofing com-
pounds.

JAN approved non-hydroscopic steatite bobbin, specially treated prior to

winding in order to provide additional protection for fine enameled wire. i 1l w;:‘;‘;‘““v-gzr MU0 ‘g‘:'.ﬂ
fa ™ éj
Protective fungi resistant acetate label. — ML 3 fv-
-
Rigid hot solder coated brass terminals for easier soldering. WM ¥ B

= £
m B MM e ML 4 ‘gl
RTINS
s ©
e I;j .

These resistors are of the same basic construction and materials as standard S — -a@m— ML g
JAN and Mil types therefore providing equal dependability and long life.

WIRE TERMINAL TYPES |

Designed for direct connection into circuit without use of additional leads.

Low Temperature Coefficient alloys provide *.003% /°C from —65°C to " MEaTe g
+125°C unless otherwise specified by your requirements.
- e om———
Resistance tolerances range from * 1% down to *.02%. Sets,of matched W10 kR .
resistors can be supplied *.005% or lower. e ey

[FPVRTIRE e~
Special types not shown can be manufaoctured to your exact specifications. |

JAN-R-29 METER MULTIPLIERS

Surpass oll requirements of JAN-R-29

HERMETICALLY SEALED: Insures dependable operation under most severe
moisture conditions.

STEATITE PROTECTIVE CASING: Glaied surface prevents high voltage leakage.

WINDINGS: “Certified’’ low temperature coefficient resistance alloys properly
‘‘aged’’ to provide long term stability.

REPLACEABLE INTERNAL SECTIONS: Eliminate complete loss of unit if dam-
aged.

FERRULE TERMINALS: Heavy nickel plated brass. Corrosive resistant. Fit
standard fuse clips.

MEP@QQ ﬂm\]@a MORRISTOWN, N.J.
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class II insulation
by National
VYulecanized

Fibre Co.

used by Pennsylvania
Transformer Co. to build

new, sife. and reliable Sealed

Dry Type Transformers

Transformes ©rs anc vl asiembly under full voltags ex-
citation withstmnds heary water shower, The insulation sesist-
ance remaire: at irfintv megonms during the entire two-hour
water test.

Class H insclcion resict: fre aid combustion. The heat of the
5000° F, Oxygen-acerylere to-ch, appliec for the scmeinter-
val, burned th osgt the 2-.inzh stzel plote, vet merely melted
some of the ¢oes Sab-& I the barrier.

NMATIONAL VULCANIZED FIBRE €COMPANY

Pennsylania Closs H
transformer coil, dry type
showing insulating barriers
and axial spacers of Phenolite sili-
cone-fiberglas laminate.

(Phenolite silicone-fiberglas

Using Class H -nzulation

laminate), the P2nnsylvania Transformer Company (a
McGraw Electric Co. Division) builds Sealed Dry Type
Transformers hav.ng many superior and safe operation fea-
tures. The Class H Insulation eliminates the hazards of fire
and explosion, pexmits up to 50 per cent weight reduction,
makes possible eficient operation in humid atmosphere,
reduces maintenance, allows operation at high tempera-
tures, and permits frequent overloads. The coil barriers
are made from 1/32 inch silicone sheets bonded with
silicone rubber. The sheets are rolled directly onto the
lathe during the zoil winding operation, saving the high
cost of a mandre.. Ideal for station auxiliary, unit sub-
station and network service, these Sealed Dry Type
Transformers are an outstanding example of National
cooperative engineering and research. Perhaps you have
an insulating problem where National Vulcanized Fibre
Company can give you real help in sclving your particular
problem . .. economically. Write us—our engineering
service is immediately available.

National lamincted plastics
nationally know1—nationally accepted

p—

meoﬂé,’% WENOLIT

vVuU DOA“‘ b -
=\ Tominated PLAST
Offices in
@ Principal
Wilmington, Delaware = Cities

Since 1873

WWW.americanradiohistorv.com



Robert T. Murray  Jerry Golten Co.  Martin P. Andrews  Perimuth-Coleman & Assoc.  Jose Luis Ponte

614 Central Ave. 2750 W. North Ave. Mott Road 1335 South Flower Cardoba 1472
East Orange, N.J.  Chicago 22, lll.  Fayetteville, N.Y. Los Angeles, Cal Buenos Aires
9 Want more information? Use post card on last page.

— Now— \\
Moldite Dependability

Moldite’s famed precision production facilities
are now devoted to 3 major types of electronic components
—to give the industry a superlative core or coil form
for every electronic application.
Through years of continued engineering and research
Moldite has produced cores of guaranteed dependability,
economy, quality and uniformity. Our customers’
smooth running production lines tell the story best.
Specify a Moldite core specially designed.
and precision made for you,
with absolute uniformity from first to last.

... Send for our new
Catalog No. 110 —
THE MOST COMPLETE
LINE OF CORES
IN THE INDUSTRY!

MOLDED COIL FORMS

MAGNETIC IRON CORES

FERRITE CORES

MOLDED COIL FORMS
(iron and phenolic)

MAGNETIC IRON CORES
FILTER CORES
THREADED CORES
SLEEVE CORES
CUP CORES

Samples promptly submitted upon request
for design, pre-production, and test purposes

NATIONAL

MOL n ITE

COMPANY

1410.CHESTNUT AVE., HILLSIDE 5, N. J.
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Electronics . . . and The Nationa! Gty Bank of New York

Midget electronic marvel is mcking
science-fiction stories come lrue

A tiny electronic device called the
transistor has brought the magical
world of robots much nearer taan
most people realize. No bigger taan
half a pea, this electronic marvel
may make it practical for mechanical
brains to run factories, operate in-
ventory and warehouse control sys-
tems, read utility meters, make out
bills, and perform other equally
amazing feats.

The transistor does about the
same work as a vacuum tube. But it
takes up much less space, uses much

less power, generates alTost no heat,
and lests almost ind=3ritel>. Consze-
quantly, it holds ou: the promise ¢~
smaller, lighter, more durablk designs
in electronic equipment _ike radic
and television sets. I ¢ 1¢¢ ex-2nds the
electranics frontier irmzar.cously.

How rapidly that frontier Las
alreacy been expamdirg may be
gleaned from the fact taat in 1932
total oroduction of el=ct~onsc equ.f-
ment totaled about $5CO millior.
Last vear production was cver $4.5
bilior, and the to-el eowd reac:
mc-re‘than $5 billiorr ~lis vear.

Zik= fast-growing compemnies in
other fields, electromies mzr afactur-
ers have found Nartiirel City’s $2
bilior. in resources, 341 years of

AN amerl

experience, and world-wide banking
facilities invaluable. Feciities in-
clude 57 Branches ove-sas, and
ccrrespondent banks in :ve~y com-
mercially important city of the
world. In this country, Mational
Cty has correspond=nt manks in
every state and 68 Bearches in
Greater New York. Fur help in
sclving your banking ¢> fnancial
problems, large or small, write

T1e National City Bark of New
York, 55 Wall Street, New Yock City.

Meniber Federal Deposit Insumnce-<Co px ration




WHICH PILOT LIGHT

DO YOU NEED?

ACTCAL SIZE

Cat. #613529-211

THE BIG ONE

This Pilot Light Assembly was first
made to accommodate the S-11 lamp
and was intended for use in the
cabs of great diesel locomotives.

This BIG one
Dialco HAS THE COMPLETE LINE OF

or

INDICATOR and PANEL LIGHTS B
\. this LITTLE one
THE LITTLE ONE \
The miniaturization program on defense products required the L\ A,
development of this sub-miniature light. It is used \ il f?:
L ACTUAL SIZE

on communication equipment and aircraft.
Midget flanged base bulbs to fit are rated 1.3, 6, 12, and 28 volts. C t”
at.

e

#81930-621

Wél to suit your own special conditions and
requirements will be sent promptly

/ and without cost. Just outline your needs.

Let our engineering department assist

in selecting the right lamp and the best

pilot light for YOU.

Write for the Dialco HANDBOOK of PILOT LIGHTS
Foremost Manufacturer of Pilot Lights

DIALIGHT CORPORATION

60 STEWART AVE., BROOKLYN 37, N. Y. HYACINTH 7-7600

Want more information? Use post card on last page.
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...pre-assembled screws and SHAKEPROOF Lock Washers
eliminate separate washer handling, save assembly time.

- An e D D D D S e A D D D e ) D D S G O B N S N

stenings at many
EPROOF fa dern military
‘e-tatkies.
ipment . - - dreds of others,
e aqcci)‘gu& jeading manufacturers
mb\y tlme an

... cut their own threads in metal or plastic, positively
eliminzte costly tapping operations.

civilian pro
engineers 21¢ a
develop fast, economic
to specific 2

)
;} ) ‘ b :r‘]' ? 'ﬂ\( ) \() J“
. 5
n ‘ JB o N
Hoadquar
WORKS Lo cipal cities
; \visioN OF \L\-‘NO‘S.TOO-L ois o Offices i princip® io *
a8 D Elgin, Win onto, Ontar! ... hold vital connections tight, reduce

Road, i s ited, Tor
. Canada Winois Tools Lim! equipment failures due to loose fastenings:

Q¥  n Conados SRR possiblel A, )

et

tar . -

TESTING SAMPLES

Samples of the Shakeproof products
illustrated here are available on
request. Make your own tests and

see how you tan save. Write today . . .
specify the samples you want by name,

... speed assembly operations because nut and
lock washer arz pre-assembled . . . every nut is
Jocked against vibration loosening.

s‘-ﬁeﬁaésn-t-—-u-“-—.-.-—-..--——-:..1



ransistors

m mnstrumentation...

*Transistors are capsule-size as- J/

sembli2s which utilize the phys-
ics of semi-conducting solids
to produce the same effects as
an eleztronic tube ... but with-
out cathode and/or filament
and their circuitry-components.




When ?

A timely statement from Walter P. Wills,

Director of Research, Brown Instruments Division

Minneapolis-Honeywell Regulator Co., Philadelphia 44, Pa.

«PERHAPS you’ve wondered when transistors,
with their widely publicized character-
istics, will be put to work in industrial in-
strumentation. Naturally, I can speak only
for my company, but I’d like to give you a
research man’s view on where transistors
stand today.
“We agree that transistors have a tremendous
future in all of electronics, including auto-
matic control. Many problems, however,
must yet be solved. Will they be made of
germanium or silicon? Can they be made
more reproducible and able to handle enough
power at desired voltages? New circuits and
new transistor types are needed. Today’s
costs are much too high. And let’s not forget
that the vacuum tube is still being developed
after more than 40 years of existence.

“Even with extensive research and develop-
ment programs, much more work remains
before transistors can be broadly utilized in
their natural markets—radio, television, and
other communication equipment. Similarly,
the few types now available do not nearly
satisfy the requirements of industrial instru-
mentation.

“A ‘tubeless’ electronic instrument is theo-

HOREYWELL

ELECTRONICS — October, 1953

retically possible today, and, on the basis of
safety and reliability expected of modern
instruments, it is anticipated that such a
product is completely possible and practical
in the future.

“So we’re attacking the problem on a broad
front. For upwards of five years, we’ve been
devoting a large portion of our research facil-
ities to studying ways to utilize transistors
. . . looking on them not solely as replace-
ments for tubes, but as the starting point for
totally new instrument circuits.

“In addition, we have invested in the patent
licenses and the know-how of Bell Telephone
Laboratories, the pioneer of transistors. We
have a large stake in providing instrumenta-
tion for the manufacture of transistors and
hence are examining all facets of the transistor
business . . . even to the extent of making
some with our own hands.

“Honeywell instruments and other Honey-
well controls using transistors will be on the
market. When they are, you can be sure they
will be great products—new, but the same
kind of reliable, versatile, well-engineered
products we sell today.”

Honeywell

BROWN INSTRUMENTS

Foust w Cooitrals

99



‘0.K.Butwhat’s your price for performance?”

Here’s a purchasing agent buying resistors on a
price basis. But doing it the right way.

Some day we may even be able to quote resistor
prices in terms of performance —so many cents per
thousand hours of trouble-free operation. Then we’ll
be able to tell you exactly how much less Ward
Leonard resistors really cost than the so-called “bar-
gain” resistors now on the market.

But until then, remember, it's performance you
pay for when you're buying resistors. There’s a lot
more than just a few cents difference in the perform-
ance you'll get from the two resistors above.

The one made by Ward Leonard will perform at

its rated value for the life of the product it goes into.
There’s a chance the so-called “bargain” resistor will
too. But you can’l afford to take any chances on your
product’s failure — even once out of a hundred times.
Not when you consider the actual cost of such failure,
figured in terms of returned merchandise, replace-
ment cost, customer and dealer dissatisfaction.
That’s why, even on a price basis, the accuracy,
dependability and uniformity of Ward Leonard re-
sistors make them far better buys than any of the
questionable bargains you’ll find on the market.
Send for new Resistor Catalog No. 15. Ward Leonard

Electric Co., 31 South Street, Mount Vernon, N. Y.
318

Want more information? Use post card on last page.
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This check list shows you how to
get the most for your money in
terms of resistor performance

i .\fi i

COATING. Vitrohm enamel coating of all Ward
Leonard resistors provides a complete hermetic seal
highly resistant to shock, high humidity, extreme
temperatures, acids, alkalies, and electrolysis. Un- -
like most resistor manufacturers, we manufacture

our own vitreous enamel.

% QRS
- -
A

P 3 " -
gEResEa st a T - d =
RESISTANCE WIRE. The resistance wire is drawn to
Ward Leonard’s own specifications for each partieu-
lar resistor type. It is capable of withstanding heavy
overloads, has a uniformly low coeficient of resistiv-
ity. Many of the “bargain” resistors are wound with
resistance wire of ordinary grade.

TERMINALS. In Ward Leon-
ard resistors, special alloy
terminals insure proper ex-
pansion and adherence to
the enamel, are designed to
provide strong anchorage.
Every wire-to-terminal junc-
tion is joined mechanically
first, then specially silver-
brazed for lasting contact.

RESISTOF. CORE. Ward Leonard’s own manufac-

tured cores upon which the resistance elements
are wound consist of a perfectly cylindrical
ceramie body of high density, low porosity, and
high dielectric strength, with a thermal coeffi-
cient of expansion correlated to the expansion
of the enamel.

Ward Leanard's com-
plete engineering text.
book, “Hamdbook of
Power Resiztors’'~ $3
per copy.

RHEOSTATS RELATS CHROMASTER
CONTROLS

ELECTRONICS — October, 1953 Want more infermation? Use post card on last page. 101
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TO HIT TARGET
from unstable decks of ship

4 \
Y
i

A5 B 550 W TS s s

A rolling, pitching ship...under attack from speedy, diving
aircraft. .. counts on its anti-aircraft guns for protection...
these guns must be able to stay on the target regardless of
sea conditions. That’s why the Ford Instrument Company
was called on to design and build a control system that tracks
and holds the target range with deadly accuracy.

This is typical of the problems that Ford has solved since
1915. For from the vast engineering and production facilitics
of the Ford Instrument Company, come the mechanical,
hydraulie, electro-mechanical, magnetic and electronic instru-
ments that bring us our “tomorrows” today. Contro! prob-
lems of both Industry and the Military are Ford specialties.

4
You can see why a job with Ford Instrument offers ( FORD |NSTRUMENT COM PANY
young engineers a challenge. If you can qualify, FORD
there may be a spot for you in automatic control y DIVISION OF THE SPERRY CORPORATION
development at Ford. Write for brochure about 31-10 Thomson Avenue, Long Island City 1, N. Y.
products or jobopportunities. State your preference.
102 Want more information? Use post card on last page October, 1953 — ELECTRONICS



TAYLOR Bone Grade Vulcanized Fibre

is an extremely tough and dense grade of vulcanized fibre.
It is excellent for applications where difficult machining
operations are required . . . resistant to organic solvents, oils
and gasoline. . . . has excellent electrical characteristics.

Want to make something of it?

Make it into gears, cams, fairleads, bushings and grommets,
slot wedges, threaded and tapped pieces, rail joint insulation and
other applications where mechanical strength, good finish

and intricate machining are required. Color: gray.

Make it from sheets or rolls with these specifications:

SPECIFICATIONS
Thickness range . . . 1/327101/2" Roll width . 56” for thicknesses of
Finish . . . Pressed and calendered 1/32” through .060".
Punching . . Up to 3/16” thickness Coils down t07/32” for
Sheet size . . . Approx. 56” x 90" thicknesses of 1/32”
through .090".
PROPERTIES
Mechanical
Flexural Strength, psi Izod Impact Strength, F'.-I.hs./inch
(Lengthwise) 14000 min. (Lengthwise) 3.0
(Crosswise) 12000 min. (Crosswise) 2.4
Tensile Strength, psi Eloctrical
(Lengthwise) = 7500 min. Dielectric Strength, VPM
(Crosswise) 5500 min. (1/32”) 250 min.
Compressive Strength, psi Short Time Test (1/87) 175 min.
(Flatwise) 30000 min. Arc Resistance, seconds 100

Make it from turned rods. Diameters from 1/8” through
1/2” with ground or buffed finish.

Make it easy for yourself the next time you are looking for an
extremely dense, abrasion resistant material. Call your Taylor
Engineer . . . he will be glad to work with you . .. go over your
requirements . . . and help you select the correct grade of
Taylor Vulcanized Fibre to fit your needs—Bone, Commercial,
Super White, Abrasive and Built Up. Ask him about Taylor
Laminated Plastics, too. He will be glad to give you samples of
Phenol, Melamine and Silicone Laminates for your inspection.

Taylor Fibre Co., Norristown, Pennsylvania—La Verne, California

TAYLOR

Laminated Plastics
Vulcanized Fibre

ELECTRONICS — October, 1953 Wdnt morc information? Use post card on last page. 103
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We have used every type of GA & F Carbonyl Iron Powder thus far produced.

The overall quality and batch-to-batch uniformity of your products

have always been gratéfying to us. Because of this product dependability,

we feel that incoming inspection of your powders is unnecessary.

President

Pyroferric Company, Inec.
621 East 216th Street
New York 67, N. Y.

b
X

CARBONYL IRON POWDERS

104 Want more information? Use post card on last page.
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G A & F Carbonyl Iron Powders are used to
produce cores for transfermer and inductor coils—
to increase Q values, to vary coil inductances,

to reduce the size of coils, to confine stray fields
and to increase transformer coupling factors.

These powders are microscopic, almost perfect
spheres of extremely pure iron. They are today
produced in eight carefully controlled types,
ranging in average particle-size from three to twenty
microns in diameter. The Carbonyl Proces:

assures the quality and uniformity of each type.

We urge you to ask your core maker, your

coil winder, your industrial designer, how G A & F
Carbonyl Iron Powders can increase the
efficiency and performance of the equipment or
product you make, while reducing both the cost

This 32-page book oflers you the most comprehensive

and the weight. We also invite inquiries for powders treatment yet given to the characteristics and applications of
ar 3 ) g " B

whose performance characteristics are different GA &F Cnl)onﬂ Iron Powders. 80% of the story is

from those exhibited by any of our existing types. told with photomicrographs, diagrams, performance charts

and tables. For your copy— without obligation—

kindly address Department 56.
mpa

ANTARA. CHEMICALS

Division of GENERAL DYESTUFF CORPORATION

435 HUDSON STREET » NEW YORK 14, NEW YORK

ELECTRONICS — October, 1953 Want more information? Use post card on last page. 105
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Photo by Sherman Faivchild & Associates’ Flight Analyzer Camera,
New York City

Everyone Can Count on

VEEDER-ROOT

New take-off technique yields an 8° climb, So here again you see one of the heretofore
as this progressive single photo shows. And uncounted ways in which “Everyone Can
this is 100% improvement over old tech- Count on Veeder-Root”. What’s your prob-

niques . . . increasing safety and decreasing lem? Let us put our mathematical eyes on it.

noise-annoyance at city airports. Write:

A Igerei'louacg‘.lau}'seef’ i‘zparate e’;pos‘“&s' VEEDER-ROOT INCORPORATED
nd each, reading from bottom up, shows the N R uEORD 25 CORIERTICUT

date and number of the flight photographed.

Next above is a device which records the time Ch""g"M"' "”' y ZNeg Y°;" 19, [:" :' : g”eﬂe“:*" RS
B onireqa N anagaqa undgee, ycotian

..exact to 1/1,000th of a second. And in the ~ Offices and Agens in Principal Cities

heart of thisdevice is a Veeder-Root Counter.
AY 7
The Name that Counts

106 Want more information? Use post card on last page. October, 1953 — ELECTRONICS



ABOVE AND BEYOND MIL-R-93A SPECIFICATIONS

JURANEG

SOLID MOLDED HOUSING OF
DENSE SHOCK RESISTANT
THERMOSETTING PHENOLIC

LUG MOLDED
IN BOBBIN

CERON INSULATED WIRE.
WOUND WITH UNIFORM
TENSION AND AGED FOR
STABILITY.

[

SEALED AGAINST MOISTURE
AND IMMERSION

TERMINATION

DURAMEG WATTAGE RATINGS ARE BASED ON FULL
RATED DISSIPATION AT 105° AMBIENT. THESE RAT-
INGS ARE FROM 4 TO 5 TIMES THE 85°C MIL RATINGS
FOR THE BEST OF CONVENTIONAL RESISTORS.

The engineered combination of Ceron wire, Dura-
meg molding technique and aging treatment per-
mits dissipation of full rated wattage at 105°C—the
same temperature at which MIL ratings prescribe
zero dissipation,

Equipment designers who must consider initial
resistance tolerance as well as shifts in resistance
value with repeated temperature cycling and opera-
tion at full load, are using Duramegs with outstand-
ing results.

Durameg long-term stability and positive protec-
tion against electrolysis failure enable you to design
now for dependable, permanent, peak performance.

WRITE, WIRE OR PHONE FOR ENGINEERING BULLETIN 120

SPRAGUE ELECTRIC COMPANY

PIONEERS IN ELECTRIC AND ELECTRONIC DEVELOPMENT

EXPORT FOR THE AMERICAS: SPRAGUE ELECTRIC INTERNATIONAL LTD, NORTH ADAMS, MASS.

ISOLATED WINDING

Duramegs are the first high-accuracy wirewound
resistors to operate successfully up to a hot spot
temperature of 150°C as against the usual 105°
limit—made possible with Sprague’s patented ce-
ramic insulated Ceron wire.

Durameg molded phenolic housings are tough
and resistant to mechanical damage—installations
require no secondary insulation for mounting —
they’ll even withstand the salt water immersion
cycling for characteristic A in former specification
JAN-R-93.

Durameg Resistors are now available for com-
mercial application in dimensions identical to
MIL styles. We will be pleased to
send you complete data upon re-

=
quest. * *x kx ok Kk ok v e SIS

35 MARSHALL STREET NORTH ADAMS, MASS,

CABLE: SPREXINT
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® Cool—generate no heat
® Require no electrical energy
® Cost nothing to operate

® Eliminate coils, windings, wiring,

e Need no maintenance—no coils to

W

For benefits*like these, use

Carboloy permanent magnets retain their
efficiency under most conditions of tempera-

Here are typical benefits which you can expect
and get by using Carboloy permanent magnets
in your electrical products.

Check these case histories. Maybe a Carboloy
permanent magnet can improve your product,
too. Why not contact a Carboloy magnet engi-
neer without delay. He’ll lend you a hand in
magnet design and application. His services
will cost you nothing.

/

perormance

ture, shock and wvibration . .

. high resistance

to demagnetizing influence of stray magnetic

fields . .

energy.

Available in all sizes and shapes; can be
cast or sintered to your needs. Send coupon
for catalog and for design manual.

. provide powerful, lasting magnetic

A small, powerful Carboloy permanent magnet enabled Thomas A. Edison, Inc.
to design a revolutionary sensitive relay capable of operating from the current
generated by a heated thermocouple. This power-packed magnet eliminated
the need for electronic amplification, thus greatly simplified design of their
aircraft fire-detecting system.

*‘ YOU GET ALL THESE ADVANTAGES FROM CARBOLOY PERMANENT MAGNETS

o Simplify mechanical assemblies—
exert strong tractive force for hold-
ing, lifting and separating devices
that eliminates component parts,
makes product design and fabrica-
tion simple

® Save space—great magnetic
strength in small sizes

e Combine electrical and mechanical
features—transform electrical
energy into mechanical motion;
mechanical motion into electrical
energy

® No power failures ever

® Resist moisture—no coils to collect
dampness

e Create savings—often eliminate
costly, power-supplying parts

® Simple—no operating parts

® Reduce weight, product size

burn out, no slip rings to clean or

® Supply a permanent source of
replace, etc.

o Powerful—and power is constant ® Give uninterrupted operation energy

108 Want more information? Use post card on last page.
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arboloy. permanent magnets

STANDARD
TUBE

* More
dependability

ELIMINATED

New GE I-M-F television picture
tube has its ion trap and magnetic
focus device inside end of tube, Pic-
tures are clearer, prefocused and
many parts are eliminated . . . thanks
to Carboloy permanent magnets.

New all - magnetic, all - transistor
hearing aid (by E. A. Myers & Sons,
Inc., Pitts.) uses magnets in both
microphone and receiver. Hearing
aid failure caused by operational
heat and humidity is now eliminated.

* * I
Silver Anniversary f |
QUARTER l Name
CENTURY [
'/ OF PIONEERING IN ] l
CREATED-METALS I Company.
* *
—— e = l
City
“"Carboloy’’ is the trademark for the products of the Carboloy I
Department of General Electric Company T B e e
ELECTRONICS — October, 1953 Want more information? Use post card on last page.

A lmproved

I S IR e T T o T T
5 . . "

In this circuit breaker a Carboloy
magnet assembly simplifies the trip
element. It eliminates a coil and po-
larizing connection...makes possible
reverse-current tripping independent
of system voltage.

i
8?‘39 §\"

gf e W g 3
i i - -

Fig. A shows chrome magnet rotor
once used in Scintilla aircraft mag-
neto. It weighed 4 lbs. 9 ozs. New
rotor (Fig. B) is made of Carboloy
Alnico. It weighs only 2 lbs. 4 ozs,
is considerably smaller.

Carboloy Department of General Electric Company
11139 E. 8 Mile Ave., Detroit 32, Michigan

Rush me, without cost or obligation, copies of Permanent Magnet Design
Manual PM-101 and Standard Stock Catalog PM-100.

!
!
|
I
I
Position, l
|
|
|
l
|



If you use relays—Clare’s New Plant is

CLARE RELAYS are now built in the
most modern plant ever specifically designed
for relay manufacture

¢ Building of precision relays
requires more than technical
skill. It requires an atmosphere
J of utmost freedom from dirt. Air
temperature and humidity must
be closely controlled. Assembly
of small parts must be done
under powerful, yet shadow-
free light.

All these important features
and many more are provided in
the new Clare relay plant. Never
before have so many manufac-
turing advantages been pro-
vided in one plant—for one
purpose—to give you relays of
unequalled quality.

Quality and long-life depend-
ability of Clare relays have
made them first choice of de-
signers as components for crit-
ical equipment. Wherever fail-
ure cannot be tolerated, when
only the best is good enough,
Clare relays are indicated.

Two important factors con-
tribute to this Clare superiority.
Production of relays has always
been the exclusive business of

Light eight times better than

average for industrial plants s L
—75 foot candles of shadow- o '
proof light at bench level.

Allairelectrostatically washed
—avoids danger of contamp-
nation in such operations as
contact welding.

1009 inspection of all Clare
relays with most modern test
equipment. Light on this test
set gives 125 foot candles.

FIRST IN THE
INDUSTRIAL FIELD

,.:E =
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C. P. Clare & Co. This is a
young-minded progressive
organization, ever alert to dis-
cover and test new and better
materials and manufacturing
methods.

The new plant is the product
of years of research and experi-
ment. It is the natural develop-
ment of Clare’s unwillingness
to offer their customers any-
thing less than the most perfect
relays that can be built.

If yours is a product whose
long life, reliable performance
and freedom from maintenance
depend on the use of relays—
it will pay you to know ALL about
Clare relays. A sales repre-
sentative, fully experienced in
every type of relay problem, is
located near you. Consult him,
or write C. P. Clare & Co,,
4719 West Sunnyside Avenue,
Chicago 30, Illinois. In Can-
ada: Canadian Line Materials,
Ltd., Toronto 13. Cable Ad-
dress: CLARELAY.

Automatic control of air tem-
? perature and humidity in-
creases accuracy of assembly
and adjustment of delicate
parts.

Muitiple test circuits of vari-
able voltages on bench chan-
nels facilitate adjusting of re-
lays to customers’ specifica-
tions.

Diminutive parts of high fre~
quency impulse relay require
laboratory-clean assembly
conditions,



life characteristics.
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N o New G-E Jow-temperature Pyranol* subminiature capacitor
- averages 20% smaller than a comparable oil-filled unit. It is
- as small as the old subminiature wax unit, yet has superior
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G-E subminiature metal-clad capacitors

teature new low-temperature PYRANOL dielectric
NO DERATING OVER RANGE —55 TO +85 C

b4 |

- o on =

Solder right up to the bushing. No danger of cracking be-
cause G-E end seals are silicone rubber—not glass.
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Capacitance vs. temperature is shown l)y this typical curve.
G-E low-temperature Pyranol subminiature metal-clad ca-
pacitors have only a small capacitance change through the
entire range from —55 to +85 C.

If you need a wax replacement because of the elimination of character-
istic ] (wax) from the proposed MIL-C-25 specifications, you need not
go to a larger capacitor (or continue to use an unacceptable product).
General Electric’s new low-temperature Pyranol subminiature capaci-
tors are as small as wax units, yet have superior life characteristics
which make them a “natural” for military equipment.

High dielectric strength with exceptional stability is provided by
new low-temperature Pyranol liquid dielectric. New, improved lou-
temperature Pyranol makes possible a small-size tubular capacitor
with practically flat temperature vs. capacitance characteristics.
Silicone end seals, a G-E exclusive, provide exceplional resistance
to physical and thermal shocks—amf permit soldering right up to
the bushing without danger to the seal.

Designed for applications in the temperature range from —55 to
+85 C without derating these capacitors can bLe supplied in either
tab or exposed foil designs in ratings from .001 to 1.0 muf. in
voltages of 100, 200, 400, and 600 volts d-c working.

For high-temperature operation, —55 to +125 C without derating,
another new tubular line—Permafil solid-dielectric subminiature
capacitors, is available. These capacitors meet all requirements
of JAN-C.-25.

If your requirements demand the highest performance standards
for subminiature capacitors, it will pay you to check with your
nearest G-E Apparatus Sales Office, or write General Electric Com-
pany, Section 442-9, Schenectady 5, N. Y.

*Reg. trade-mark of General Electric Company
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A MESSAGE TO AMERICAN

INDUSTRY ¢ ONE OF A SERIES

BRITONS CAN HAVE PROSPERITY
—If They Want it

WA hat is required to get Britain, our key
ally in the grand alliance of the free world,
firmly back on her economic feet? The pur-
pose of this message is to throw light on this
crucial problem, which afflicts our other Ku-
ropean allies also.

At the moment, Britain is enjoying a res-
pite from the economic crises (of 1947, 1949
and 1951-52) which have plagued her post-
war course. This respite may well continue
for some time. But almost no one whose
judgment is trustworthy believes that Brit-
ain has acquired sufficient economic strength
to safeguard her against further economic
crises in the years immediately ahead.

Two British Views

New and clear light on what should be done
to that end has recently been shed by two
noteworthy British publications. One is a
book, “We Too Can Prosper,” by Graham
Hutton, distinguished British economic
writer and administrator. The other is an
article, “The Riddle of Prosperity,” published
by THE (London) ECONOMIST, Europe’s most
eminent economic journal.

Combined, these two publications present

in sharp relief the basic problem that must be
handled successfully if Britain is to be safely
solvent. As is implied by its title, the Hutton
book demonstrates that Britain can be made
prosperous by readily feasible procedures, pat-
terned on what has been done in the United
States, to increase its industrial efficiency. But,
says THE ECONOMIST, with Mr. Hutton’s
book in mind, this is not the most basic problem,
which is, “How shall we make the British peo-
ple determined to be prosperous?” This is a
problem of incentive or motivation.

Compared with that of the United States,
average industrial efficiency in Britain, as in
most of Western Europe, is low. In his book
Mr. Hutton remarks that “fifty years ago
an American industrial worker turned out
roughly the same amount in a day as his
opposite number in Britain, Germany or
France. . . . Today, he turns out from two
to five times as much.”

In large part it is this lag in output per
hour or “productivity,” as the technicians call
it, which makes Britain and other key coun-
tries in Western Europe a continuing prey to
economic crises. Moreover, the great disparity
in productivity between the U.S.A. and most




of Western Europe is a major barrier to
knitting the free world into a smoothly work-
ing economic whole. As one observer put it,
“when the American economy catches a cold,
the European economy gets pneumonia.” This
is largely because Europe is so much weaker
in productive strength.

No Shortage of Knowledge

Yet the knowledge which would enable the
countries of Western Europe, and particu-
larly Britain, to increase their industrial
productivity has been mobilized and is readily
available to them. It is with this process for
Britain that Mr. Hutton’s book is concerned.
In the book he summarizes the findings and
conclusions, virtually all of them unanimous,
of 66 teams, composed of British industrial
managers, technicians, shop workers and la-
bor leaders. Over a period of three years these
teams completed a comprehensive series of
inspection and study trips in the United
States under the sponsorship of the Anglo-
American Council on Productivity. The prod-
uct of that effort, he remarks, is ‘“a set of
documents the like of which, on such a scale
and of such practical value, has never been
seen in the history of international and cul-
tural borrowing.”

Psychology the Key

From study of these documents, Mr. Hut-
ton concludes that better capital equipment
is the key technical ingredient of higher in-
dustrial productivity in Britain, and consti-
tutes ‘“‘the most urgent . . . need of British
industry.” But he finds that even without new
capital equipment a “159, rise in productivity
can still be achieved by reorganization of
work,” and that such an increase would “solve
Britain’s chief social and economic problems.”

Then why is not such an increase in produc-
tivity, demonstrated by the Anglo-American

productivity teams to be so clearly within
technical grasp, promptly forthcoming? Mr.
Hutton, quoting one of the team reports,
remarks that, “‘the greatest obstacles to in-
creased productivity are psychological rather
than technical’ We have to deal first and
foremost with men, not machines.” And THE
ECONOMIST, pursuing the line of inquiry sug-
gested, reaches the conclusion that, by and
large, the people of Britain do not want to
prosper by being more efficient. THE ECONO-
MIST says:

“The real secret of American produc-
tivity is that American society is imbued
through and through with the desirability,
the rightness, the morality of production.
.. . But in Britain, if any moral feeling at
all survives about economic matters, it is
usually a vague suspicion that economic
success is reprehensible and unworthy.
From this difference in attitudes every-
thing else follows.”

“How,” asks THE ECONOMIST, “shall we
set about restoring some belief in the rightness
of effort, the mordlity of success?” For this
question it has no ready answer. Neither
have we. We are confident that the British
people will neither be cajoled nor coerced into
trying to match our productivity. Basically
the problem seems to be to demonstrate
clearly to them the truth of the proposition,
set down by Graham Hutton, that “there is
no goal, aim or end before a Good Society
which the raising of that society’s material
productivity cannot render easier of achieve-
ment.” Doing that in an old and settled coun-
try like Britain is obviously an extremely
formidable undertaking. But until it is done,
the crucial job of getting Britain and the rest
of Western Europe firmly on its economic feet
will remain to torment all of us.

McGraw-Hill Publishing Company, Inc.




fwenty times

L ]
hermetically
: R ATA
sealed ELECTRICAL D n-p-n Junction
° RATINGS, RECOMMENDED MAXIMUM: Type 200 Type 201
'ra nSIS'ors Collector Voltage . . . . . . . . . . 30volts 30 volts
. Collector Current . . ... . Sma 5 ma.
Collector Dissipation (at 30°C) ... S50 mw. 50 mw.
Ambient Temperature . . . . . . . . 50°C 50°C
AVERAGE CHARACTERISTICS (at 30°C):
i Collector Voltage . . . . . . . . . . Svolts 5 volts
EVERY Texas Instruments grown junction Emitter Current . . ... .—lma -1 ma.
. . Collector Resistance (m|n|mum) . . . 0.2 megochms 0.4 megohms
and point contact transistor must pass & Base Resistance . . . . . . . . . . 150 ohms 150 chms
more than 20 tests—in addition to Emitter Resistance . . . 30 ohms 30 ohms
. . »E Current Amplification Factor (mlnlmum) . 090 0.95
continual visual checks—before it is granted Collector Cut-Off Current . . . . ) 10,2 10,:a
the TI trademark and shipped to the user. Collector Capacitance . . o 12ufd 12 uufd.
HARIIEES Sy SalieN = Noise Factor (average value) ; .. . 22db. 22 db.

Texas Instruments inspects all
transistors al! along the manufacturing process.
This 100% inspection insures thal the
completed product will adhere closely to
published specifications (see

STATISTICAL DISTRIBUTION CURVES

Based on 250 Type 200 Transistors

m TN

o %0

disiribution curves at lower right).

AUl T transistors have moisture-
prool glass-to-metal hermetic sealing. And

they are all aged a minimum of
24 hours a- rated output as a positive
operating double-check.

If you want transistors of this insurzd
high quality, thev are now available frcm |

PERCENT OF UNITS AT OR BELOW ABSCISSA VALUE

Texas Instruments Incorporated. Write for A
new junction transistor bulletin DL-S 310. | - il - | l
T =TTTH]
il l L | L]
10 20 30 40 50 100 200 400 3 45 1 2 1 & 8
RESISTAHCE IN OHMS RESISTANCE IN MEGONMS

TEXAS INSTRUMENTS

I NC ORPORATED

6000 LEMMON AVENUE DALLAS 9. TEXAS
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STRIPE COLORS!

REX-KF" = WONDER WIR

(WITH KEL-F* INSULATION)

The Rex Corporation announces REX-KF Wire (Kel-F* isulated) with
one, two, or three stripes in any combination of ten colors. Over 300 sharply
distinguishing color codes are now easily available.

Striping removes the final obstacle to the broader use of wonderful
trifluorochlorethylene insulation.

Write for full 1iformation on this remarkable advance in wire
technology, and the story of REX-KF Wire, champion in every
quality that makes wire good.

*T. M. of M. W. Kellogg Co.
tT. M. of The Rex Corporation
**Reg. U. S. Pat. Off

EX CORPORATION

Insulated Wire Specialties, Microwall Wire, Cast Plastics, Rexolite U. H. F.
Insulating Materials, Rextrude** 105 Electrical Tubing and Custom Plastic Extrusions.

WEST ACTON, MASSACHUSETTS
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Synthane bushings, spacers, and bearings
in the landing gear of this giant of the
skies share the landing shock loads
of twenty-five tons. But Synthane parts
have many virtues in addition to their
ability to withstand the jolts of heavy
landings.

Parts made of this hard-working lam-
inated plastic are unaffected by oils, and
are dimensionally stable. They resist
abrasion, and weigh half as much as
aluminum.

Because Synthane is so easy to machine,

—making bigger payloads pay off

it is appropriate for fair-leads and cable-
sheaves in control systems. Because it is
an excellent electrical insulator, you will
find it at work in engine ignition systems,
flight instruments, automatic controls,
and radar sets. Because Synthane is light
and corrosion-resistant, it’s used for the
flapper valves in fuel cell baffles.
Synthane has all these properties and
many more. It might be a good material
for you to try. Start by sending for the
complete Synthanc Catalog. Synthane
Corporation,! 7River Road, Oaks, Penna.

Synthane . .

A Propeller brush block base

B Separator ring for propeller hub
C Propeller brake plug base

D Brush carrier

E Card drum

F Propeller brush block base

. in Aviation

ety g8 5l gt e selial [SYNTHANJE]
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SPECIFICATIONS

PULSE POWER

®

PULSE

Amplitude 100 volts open circuit
Continuously variable over o range of
-10 db

50 db attenuation in steps of approx.
10 db

Driving impedance 50 ohms or less
Maox. average cyrrent (50 ohms loa’d)
0.1 amp. for pos. pulses, 0.07 amp. for
neg. pulses

Max. recurrence rate at least 20,000 pps
Max. duty cycle 50%, min. pulse interval
(trailing edge to leading edge) approx.
40 wus

WAVEFORM

Rise and decay timgs 0.03 ws or less
(10% to 90% amplitude)

Crest and base line overshoots and
ripple less than 5% of average pulse
amplitude

Duration calibrated 0.1 to 50 us, accu-
racy below 5000 pps within 5% or 0.1 us
whichever is greater, accuracy above
5000 pps subject to additional 0.3 us
error, min. pulse width less than 0.05 us
(50% amplitude)

POSITION

Delay after external sync signal fixed at
approx. 10 us or adjustable from approx.
20 to 70 wms

Advance or delay with respect to sync
out trigger calibrated 0.1 to 50 uws, accu-
racy below 5000 pps within 5% or 0.1
us whichever is greater, accuracy above
5000 pps subject to additional 0.3 wus
efror

RANGE EXTENDER

19 additional time increments of 50 wus
each

Continuous calibrated coverage from 0.1
to 1000 ws, accuracy within 5%

Plugs into top of Pulse Generator directly
above position or duration control

—— e e S U — —

SYNCHRONIZATION
°

Externally by almost any 5 volt wave-
form from essentially 0 to 20,000 per
sec.

Internal single pulses, power line freq.
or adjustable from 20 to 20,000 pps
Recurrence rate meter, accuracy within
5%

Sync out trigger 50 volts, 1 us duration

54 KINKEL STREET, WESTBURY, LONG ISLAND, NEW YORK
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25% LESS WEIGHT!

castohm

FIXED WIREWOUND POWER RESISTORS

. . . new homogeneous core and coating
/v REDUCES SIZE AND WEIGHT

v ELIMINATES SHORTED TURNS

350°C hot spot operation

Higher power dissipation with less weight,
smaller diameters

Higher maximum resistances
Closer tolerances—to 1% (5% standard)
Better heat conductivity

Exceptional resistance to thermal shock

By eliminating the heavy ceramic core with
the wire-bunching and shorted turns character-
istic of vitreous enamel types, Shallcross has
developed 2 radically new wirewound resistor
that outperforms all other types of high tem-
perature fixed power resistors. Through a
unique process, the windings are imbedded in
a special ceramic which forms an integral coat-
ing and core. Designed to MIL-R-10566 spec-
ifications, Castohms are destined to leave MIL-
R-26A types far behind.

Find out how Castohms can reduce size and
weight in your equipment - improve efficiency
and reliability as well. Write, wire, or phone
for details. Ask for Engineering Bulletin L-29.

SHALLCROSS MANUFACTURING CO,,

522 Pusey Avenue, Collingdale, Pa.

Designed to
MIL-R-10566
Specifications

R-30— 8 watts

R-33— 28 watts

R-37—125 watts

R-46—225 watts

ANMAN AMe f=Tal#=Tallala [a) Qm



118

G ot
) 1

@
3 e ©
i

’

\

You know you’‘re on the right track

Director of destinations, the towerman deftly
sorts out traffic. .. fans it out far and wide, so
that the right shipments get tc the right places
at the right time,

The same practiced precision gces into traffic
control in the modern mills at Bristol. Here
every operation is safe in hands that have the
same deft touch . .. that keep things moving so
that every shipment of Brass sheet, rod and wire
gets through to its destination without switch-

ing, sidetracking, or running behind time.
And this is just part of what is meant by
“Bristol-Fashion”,

. L] -

The BristoL Brass CORPORATION, makers of
Brass since 1850 in Bristol, Conn. Offices or
warehouses in Boston, Chicago, Cleveland, Day-
ton, Detroit, Los Angeles, Milwaukee, New York,
Philadelphia, Pittsburgh, Providence, Rochester.

it Tadkin vt Brass o il Bedl

Want more imformatian? Use pest card on last page.
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P*%..NEW MINIATURE
Wi* added to HUSKY LINE

OF TELEPHONE-TYPE RELAYS!

SERIES 5600

INTERMEDJATE
/%

SERIES 5700

MIDGET SERIES 5800

MEDIUM, AC-DC

SERIES 5500
MINIATURE

/

)

SERIES 5900
LONG FRAME, AC-DC

ALL MODELS ALSO

SMALL'! LIGHT! RELIABLE!

The latest addition to the Husky line of telephone-type relays, and our
answer to the demand for smaller, lighter-weight aircraft relays is the series
5500—available in open style or hermetically sealed.

The series 5500 relay meets all applicable requirements of MIL-R-6106. It
is a miniaturized conventional relay, designed to keep pace with the trend
towards reduction in size and weight in electronic equipment, especially for
aircraft applications.

HERMETICALLY SEALED

The 5500 HS (hermetically-sealed model) provides complete protection
against tampering or harmful atmospheric conditions, including moisture,
salt spray, dust and temperature extremes. Altitude tests reveal no leakage
at 81,000 feet.

Unique Husky construction features:

Shown 2
actual size.

SPECIFICATIONS
QPERATING VOLTAGES: 6 to 48 volts DC.
MAXIMUM COIL RESISTANCE: 5,000 ohms.
CONTACT CAPACITY: Standard contacts are rated at
3 amps 115 volts AC or 24 volts DC, non-inductive..
CONTACT COMBINATIONS: Up to 6 Form A, or 4
Form C (total of 12 springs).

ELECTRONICS — October, 1953

1. Longer, more f{lexible contact
arms, resulting in reliable operation
with low coil wattage.

2. Single stack screw, with positive
locating pins (in stack) assuring
precision contact alignment.

3. Specially designed spring- tem-
pered clamp plate and high tensile
strength screw prevents loosening
of stacks under severest conditions
of shock, vibration and temperature
variations.

Specify Husky Series 5500 relays for all applications where reliability, small
size and light weight are prime factors. Write, wire or phone for further

information . . . File 5500.

C ORPORAT

O N

1500 CHURCH, FREDERICK, MARYLAND

Want more information? Use post card on last page.
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NIy OIS FAMILY

FOR PRINTED CIRCUIT APPLICATIONS

@ Protection against bending during handling is achieved by recessing
each blade-type terminal in a notch in the bakelite base of the control.

@ Valuable mounting space is conserved on the printed circuit panel by
placing the terminals close in to the mounting bushing.

® Adequate clearance for circuit paths is provided by ample spacing
between terminals.

® Available in miniaturized %’ diameter (U70) and in 1%’ diameter
(U45, GC-U45, WF-U45).

For your printed circuit applications, CTS offers consultation without

obligation.
Ample spacing between printed circuit terminal Ample spacing between printed circuit terminal
openings for the miniature Type U70 series pro- openings for Types U45, GC-U45 and WF-U4S§

vides adequate clearance for circuit paths. provides adequate clearance for circuit paths.



Type U70, 3/4” diameter mini-
aturized variable composition
resistor with special printed
circuit terminals. Wattage rat-
ing: .3 watt for resistances
through 10,000 ohms, .2 watt
with 350 volts maximum across
=nd terminals for resistances

over 10,000 ohms.

Type U45,15/16" diameter, var-
iable composition resistor with
blade-type printed circuit ter-
minals. Wattage rating: 1/2 watt
for resistances through 10,010
ohme, 1/3 watt for resistances
over 10,000 ohms through
100,000 ohms and 1/4 watt with
500 volts maximum across end
terminals for resistances over
100,(:00 ohms.

CHIGAGO TELEPHONE SUPPLY

Co vfeor alton

1Y
1
7\

Type GC-U45, 15/16” diameter,
variable composition resistor
with blade-type printed circuit
terminals same as U45 except
with attached SPST, 3 ampere,
125volt ““GC”’ type switch. Also
available with type “WF"’,
DPST, 3 ampere, 125 volt
switch. (Variable resistor type
WF-U45.)

Shecialisls en SPreciscon Mass Prodction of Venéeble Lesistors




An Insulhoh;
o Warehouse As

Near As Your
Telephone!

Everything In Electrical
Insulating Materials

: :
FOR THESE PRODUCTS I
Varnished Cambric Products
Insulating Paper
Varnished Tubing v
Saturated Sleeving

Insulating Varnish
Vulcanized Fibre

Phenolite . 3

Fibre vlledges Warehouses Strategically Located to give you service anywhere.

Wood Wedges .
Built-up Mica Products Nationally Advertised Quality Products, approved and used by leading
Asbestos Insulation electrical manufacturers everywhere.

Woven Glass Insulation

e Sapskivedione Experienced Fleld Service Representatives offer technical assistance with-

Cotton Tape

Cotton Steeving out obligation on any problem involving electrical insulating materials.
Commutators Built To Specifications

Tefion Large Stocks Of Production Materials in every warehouse. Quick delivery

Silicone Resins

Silicone [nsulations will eliminate many of your inventory problems.

Rely On W For Immediate Seraice, Dependabile Luality

A NATIONAL NETWORK OF WAREHOUSES SERVING ELECTRICAL MANUFACTURERS

INSULATION AND WIRES INCORPORATED

3435 Chouteau Avenue ¢ St Louis 3, Missouri

Write Por The Adaness Of The Warehouse Hearest Your Plant

122 Want more information? Use post card on last page. October, 1953 — ELECTRONICS
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Wrap up your circuitry in these
tremendously flexible plug-ins
to get these vital advantages!

Alden standard
Bases, Lids, Han-
dles, Cans, Sockets
for 7, 9, 11 and
20-pin packages
house Terminal
Card Circuitry with
tremendous  flexi-
bility for endless
variety of open
and shielded pack-
ags . . . making it
easy and inexpen-
sive to give your

equipmentreliabil- v.5in 9.pin 11.pin  20-pin

4 SIZES OF PLUG-IN PACKAGES

¢ &

GET “/1.SHOT ENGINEERING" — you pre-solve Parts Design, Pro-
duction Layout 2nd Procurement all in “one shot”.

SLASH ASSEMBLY COSTS — manufacture goes fast at low .cost,
because subdivided into units on which operations are simple
and out-in-the-open.

YOUR CUSTOMERS SAY “WONDERFUL! — Installation simplified
to non-technical push-in connects done in the field as fast as
unloaded. Reliability of service provided by 30-second plug in N\
of replacement spares when tell-tales warn.

_ ALDEN BASIC
PLUG-IN CHASSIS

Plugged into
Standard Rack
with Rack Adapter

Your circuitry on Ter-
minal Card strips
snaps right into Alden
Basic Chassis. Vertical

mounting and hinged
front panel give beau-
tiful accessibility and
space saving. Chasses
can be plugged inter-
changeably into Stand-
ard Racks, Alden Uni-
Racks, Alden Portable

AN

Mount in
Alden Uni-Rarks

ALDEN ity in service with ﬁs;;tse'rAn}xgt(;? &::dls L’ |
PLUG-IN ;:;,slgan;lly; g:_-relglafci;:; Pack:z_;e components and = ard Rack to Chassis. El -f -
PACKAGE 2 Sub.uB ™ matching sockets, 17 P}:n?tg ?gé';;gs

m M :
i , , Jisil i« Zg.g J,?JLDEIIE\]I‘ -
" ) MP
« ‘ '.‘3 ! < |O STRIP ol
< + ¢ - ® stgk}fs 3
- ALDEN MINIATURE oS AR F 4 4; -
esessonssing STAKING TERMI- O) Terminals CARD-MTG. i ‘-é" i
NALS Lay o+1t m‘anyi' providing YUBE ; w‘-
pattern on Termina KETS 1
ALDEN PREPUNCHED TERMINAL Mounting Cards; ratch- O Cgir?cmuiotn Sfcc)fmin. I
MOUNTING CARDS cut to proper et slots hold elements r@ without 7.pin, 9-pin ;
sizes for 7-pin, 9-pin, 11.pin and 20-pin for soldering without soldering. and oceal GIRGUIRY T MONINA:

packages. Or in 3’ strips for chassis— pliering or wrap: tubes.

cut it off as you require. around. IN PACKAGE AND CHASSIS

Your chassis circuitry is easily organized with

OAlden Back
Connectors

All you need is this Kit —
0Alden 2 % \\
g A

Serve-A-Unit Locks W

Alden’s new concept in Rack-and-Panel
Connectors, eliminates congested rats'
nest of blind wiring and provides —

o

@ 4. Possible to jump ,f - : o
M contacts because both -

sides are instantly el
accessible. 557 @) Alden Stide Rails

3. Critical voltages
isolated by wide®
spacing.

It's as simple as this —

Arrange Alden Side Rails (1) and
Alden Lock Frame (2) to suit your
chassis. Alden Serve-A-Unit Locks (3)
mount in yout chassis to engage pre-
punched holes in Alden Lock Frame
(2) to pilot, draw in, lock or eject.

2. All leads are instantly
accessible, identified by
number and color-coding.

1. Connectors are spread out
in an orderly row, giving a
central point of check.

[ s ear e See how compact front ? ALDEN ALDEN “"PAN-i-LITE’ ALDEN "’FUSE-LITE"
o S — panel easily mounts i MINI-TEST Miniature indi- Fuse blows — Lite
- six tiny Alden Sensing POINT JACK cator light with glows. Simple
st xert Elements—specifically k " ) unbreakable 1- unscrew l-piece
0] ‘2.. designed to lick the For checking crit- piece light - lens light-lens unit and
3 problem of having ical volrages from unit replaceable blown fuse comes
RELAY NO.1 only a small amount front of panel. from (Lonp. out with it..

NA-ALO

of space. Assembled
by simplese methods.

GET THE COMPLETE STORY — REQUEST

ALDEN HANDBOOK'' — SENT FREE




MODEL V47 for the vibration of

very light electronic
components, optical-ceil research, hair.
spring torque testing etc.

Thrust, . ...... Ferce factor 0.9 Ibs. per amp.
Max, Continuous

Current Roting  1.% amps.; 2.0 amps. up to
gR.M.S.) 2 min. duration.

troke . . ... ... 0.2 in total excursion,
Impedance . . ... Varies with frequency and

' load between 3 and 10 ohms.
|9 Frequency Range . Up to 10,000 c/s.

7/ Weight of Moving

System........ 6.5 grams.

—
—
=

N
N
N\

A
g
N\

\\
> -
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\

T HESE shakers provide vibratory sinusoidal forces of frequency and

amplitude by which specific vibratory conditions can accurately
be simulated. They provide the means of assesssing the effects of
sudden acceleration on materials, structures and components; and are
being extensively applied to FATIGUE TESTING,
COMPONENT TESTING, FLEXTURE TESTING OF PLASTICS, ETC.,
and SPECIALISED GUIDED WEAPON RESEARCH.
pre-knowledge of vibration and its effects consult GOODMANS.

MODEL 390A A medium  MODEL 790 For Vibr

duty model

producing an alternating force of ponents, and is capable of producing
approximately 25 Ibs. a force of + 50 Ibs,
Thrust .. ...... Force factor 4.7 Ibs. This unit has a force factor of approxi-
per amp. mately 9.2 |bs. per amp. and a total
Max. Continuous 2 amps. uncooled; 4 current capacity, with air cooling, of 4
Current Rating amps. with air cooling amps. (R.M.S.).
(RM.S) of approx. 5 Ibs. per Stroke . . . .. .. 0.5in total excirsion.
sq. in. Impedance. . ... 24 ohms matching
Strokeres i v vt 0.5 in total excursion. (approx.)
Impedance . . . .. B ohms matching. Frequency Range. . Up to 5,000 c/s.
Frequency Range. Up to 10,000 ¢/s. Weight of Moving
Weight of Moving System .. ... . 0.5 Ibs. (approx.}
System ... .... 0.16 Ibs. Stray Fields . . .. . Operating zone less
Stray Fields . ... Operating zone less than 100 gauss.
than 100 gauss. Flux Density. . .. 11,000 gauss
Flux Density . . . . 11,000 gauss, Total Weight. . . 70 lbs
Weight ... ... 26 Ibs. (inc. trunnion)
rC m MODEL 8/600

DRIVING
EQUIPMENT

Stroke ... .. .. I in.
A range of appropriate

driving equipments is
available and takes the
form of High-Power Am-

|
|

!

|

|

|

|

l Weight of Movin, =

14 g

: plifiers, Stabilised Power 61b
l

|

|

|

|

|

|
|
|
|
|
|
I
|
' System . ... ...
Supply Units and preci- :
|
|
|
I
|
|

sioned R.C. Oscillators ;:-u:sn 25
i designe o Flux Density . . . 10,000 gauss.

speqﬁca"y. g d 1 Total Weight . 4 cwt.

give continuous power (inc. trunnion) (approx.)

output to drive the par-
ticular shaker concerned.

S p——

MAIL THIS COUPON

To GOODMANS INDUSTRIES LIMITED

ment.
Frequency Range Up to 3,000
3,

(a.pprox.)
Stray Fields . Operating
zone less

This unit can be fitted with
(2) buiit in air cooling blower
(b) switch to give high or low
impedance armature coil and
(c)pick-up unit for monitoring
wave form and amplitude.

ELECTRICAL

For the vibration of heavy
loads or complete assem-
blies. Has a total force of
approximately + 300 Ibs.
total
excursion.

impedance . .. to suit driv-
ing  equip-

AXIOM WORKS, WEMBLEY, MIDDX., ENGLAND

Please mail me your catalogue and technical data sheets in

connection with your PERMANENT MAGNET Shakers.

NAME..........
COMPANY .....
(L1, —— ZONE............ STATE. ..o

For certain
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Stray Fields . ... Operating zone less than
25 gauss.

Flux Density .. .. |1, gauss,

Weight . . ... .. 2 ibs.

\ g Cables :
%.. GOODAXIOM
WIMBLEY, ENGLAND

GOODMANS INDUSTRIES LTD

AXIOM WORKS - WEMBLEY - MIDDX - ENGLAND
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TWO YEARS FIELD EXPERIENCE WINS TITLE...
“H-H LONG-LIFE RESISTORS”

The greatly increased protection
made possible by the development
of our high-temperature gray enamel
is the most important improvement of
these resistors, but it is not all. True,
this enamel is thermo-shock-proof

and crazeless; but in addition

THESE RESISTORS OFFER . . . ¢ Special alloy terminals more securely fastened
. . X ) ) to the eeramic body by spot-welding—highly resist-

« Stronger core with higher resistance to vibration  ;nt to corrosion.

mIEhnes e All wire connections are protected by a positive

o Finer resistance wire—made to H-H specifica- non-corrosive bonding.

tions, especially adapted to these resistors. More The fixed, the ferrule and the flat types are espe-
uniformly wound, so that failures under stress are  cially designed for and manufacturd in aecordance
climinated. with JAN-R-26A specifications.

HARDWICK, HINDLE, INC. ;=5 5 - o= m=smommssmsss==sy

]
Rheostats and Resistors : 40 Hermon St., Newark 5, N. J. :
Subsidiary of ] Please send additional information about your new resistors B
y i and rheostats. B
THE NATIONAL LOCK WASHER COMPANY B
. | Name.
Established 1886 . l
] Title. ]
Newark 5, N. J. U.S.A. [} GomRET [ ]
(] ]
the mark of quality 1 Address i
(] i
] ]
for more than a quarter of a century eppreppp————y P T T 1 T
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“Better take that one up with
ELECTRONIC TRANSFORMER COMPANY.
—When it comes to specials they’re
always on the ball.”

Here at ETC we can start from scratch, assimilate your circuitry
and follow through so that your special transformers are custom-
designed and custom-built to your exacting requirements.

That’s what we’ve been doing intensively since 1938 for both
government and industry.

If the prints call for specials, our staff of highly trained transformer
engineers is at your service. Supporting these experts is our modern
laboratory as well as a production shop geared for transformer pilot
production up to several thousand units.

Let us prove that we are on the ball. We'll gladly make recommen-
dations without obligation if you outline your problem to us.

ELECTRONIC TRANSFORMER COMPANY [

Transformers, Reactors and Filters Tailored to your Needs
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209 WEST 25th STREET e NEW YORK 1, N.Y.
Telephone: WAtkins 4-0880

o
e
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IRVINGTON extra-ilexible
Silicone Rubber-Coated Fiberglas* Tubing

The extreme flexibility of Irvington’s Silicone Rubber-Coated Fiber-

glas—at both high and low temperatures—was an important factor
in its acceptance by the electrical industry when this new Class “H”

insulation was introduced almost two years ago. Look to

Originally, Irvington Silicone Rubber-Coated Fiberglas Tubing was IRVINGTON

for Insulation Leadership
INSULATING VARNISHES
has now taken steps to supply this tubing in a range of colors also— VARNISHED CAMBRIC
VARNISHED PAPER
VARNISHED FIBERGLAS
Immediate delivery can be made on white tubing for wire sizes INSULATING TUBING
CLASS “H" INSULATION

supplied only in white. Because of its rapidly growing use, Irvington

subject to minimum order requirements.

from #24 to #0—prices and deliveries will be quoted on
request on colored tubing.

For preliminary technical data, just mail the coupon bhelow.

*T. M. Reg. U. S. Pat. Off. by Owens-Corning Fiberglos Corp.

]
¥
1]
]
T
]
)
é
]
L
1
]
t
¥
1

o ————— -

EL-10/53
Irvington Varnish & Insulator Company ’

Send this convenient coupon now 11 Argyle Terrace, Irvington 11, New Jersey

Irvingiton

Gentlemen:

Please send me technical data sheet on Silicone
Rubber-Coated Fiberglas Tubing.

- 2 - - -

Name...ooooeoroeoeeeeeee. Title -
VARNISH & INSULATOR COMPANY Company.oe . o — R
11 Argyle Terrace, Irvington 11, New Jersey e T .
Plants: Irvington, N. J.; Monrovia, Calif.; Hamilton, Ontario, Canada City. .. IRV /' T -JSS State...... . .cpim
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Available sizes:

4 watt,,.10 o 1000 ohms
34""dia. x 1" long

7 watt...10 to 5000 ohms
56 dia. x 130" long

. e

™~

AXlal lLead
Ceramic Resistors...

That Are Low In Cost

YESE new resistors are designed especially for television and radio applications,

where the combination of high quality and low cost is a prime requisite. They
are conservalively rated . . . will withstand overloads up to 100% of rated value.
Resistance values are held to +10%,.

Check over these advantages . . . then be sure your next axial-lead ceramic vesistors
are Mallory.

Rigid resistance values are maintained over the entire operating range by the
exclusive Mallory Yard-ohm wire. The wire is accurately wound on a braided

MORE NEWS!

This factory assembled dual Fiberglas core. There is no organic material to burn, blister or crack.
carbon control. with or without Securely clinched, high-grade tinned leads prevent open cirenits, resistance
switch, is part of a completely changes and pull-onts. Resistor ends are scaled by special heat and inoisture
new line of hall-watt carbon resistant compound that assures high stability . . . even in humid atmosphere,
controls for TV and radio

Resistance element is securely held by special inorganic cement that prevents
corrosion. The cement is injected under pressure to eliminate air pockets . . .
assuring maximum heat dissipation and long life.

service.

The line incorporates a new

carbon element of unusnal Sturdy, non-porous steatite tubes allord ample protection against thermal
density and smoothness which and mechanical shock.

Sures ¢ w noise level ¢ . . . . e
assures a low no 8¢ level ‘l.'_]‘(l Be sure and get in touch with Mallory engineers while your new models are still in the
greall)N‘duccdr('smluncedrlll‘ design stage. They will he glad to work with you ... help you mateh related cir-
They are available in resis- cuit components.

tances [rom 250 ohms through

10 o l S. . PR MALLORY & CQ.inc
megohms Expect more. .. Gel more jrom MALLORY

Parts distributors in all major cities stock Mallory standard components for your convenience

P R.MALLORY & CO.Inc. SERVING INDUSTRY WITH THESE PRODUCTS:
Elettromechanical — Resistors * Switches ¢ Television Tuners ° Vibrators
A L Lo R Electrochemical —Capacitors ¢ Rectifiers ¢ Mercury Batteries

Mefallurglcal—tonfocts e Special Metals and Ceramics e Welding Materials

R. MALLORY & CO. INC., INDIANAPOLLIS 6, INDIANA

128 Want more information? Use post card on last page. October, 1953 — ELECTRONICS



W. W. MacDONALD,

Editor

» TIMETABLE . . . Everything
points toward early adoption of
NTSC-proposed compatible-color-
tv standards by the FCC. The
effect of the new standards upon
our industry is already being
widely discounted.

The speed with which color-tv
will become a major factor in the
market is a profitable subject for
speculation. There are too many
economic and technical problems
still ahead to permit preparation
of a bulletproof timetable, but we
will say this: We’'re bullish on
color-tv, won’t sell it short.

» ARMISTICE . . . Since the Ko-
rean cease-fire many market fore-
casters have asked us how much
electronics business is military
and how much civilian.

The question is impossible to
answer with accuracy because of
the extremely varied nature of
products within our field, the dif-
ficulty of determining end-point
use in many cases and the fact
that neither the military people
nor our own draw a particularly
fine bookkeeping line between
electronic and allied products.

Some few manufacturers of
electronic equipment are selling
almost exclusively to the govern-
ment, but it is our impression that
these companies are for the most
part small. Middle-size firms
seem to have their hands about
equally on both markets. Larger
companies appear to be heavy on
the civilian rather than the mili-
tary side.

ELECTRONICS — October, 1953

OCTOBER

CROSS

TALK

« 1953

Estimates on the military slice We are inclined to believe that the

of the overall pie range from first-mentioned figure is
about 20 percent to 50 percent. the mark.

nearer

. ARN

CURTIS WHITTLESEY McGRAW

Everybodv who knows Erzcrronics has known Curtis McGraw,
President and Chairman of the Board of the McGraw-Hill Pub
lishing Company. The enduring mark of his leadership in the
task of keeping Dbusiness well-informed, shaping the technical
development of industry, and holding the nation to an awareness
of its power for greatness and goodness must remain on these
pages. But it is something out of the lives ol all of us that he
died last month.

www.americanradiohistornz.com
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Production Techniques in

Point-contact and junction transistors require germanium slabs cut from single-crystals

N

il

REDUCTION of germanium dioxide powder is achieved by heating in hydrogen aimos- ZONE-REFINING process further purifies

phere at carefully centrolled temperatures up to 1,050 C. The metallic germanium under- metallic germanium, Boats containing
goes a two-hour cooling period with the furnace turned off metal are pulled through six zones

Fabrication of point-contact units involves use of mechanical and optical aids that per-

-

GERMANIUM PELLET for point-contact transistor is held in place by needle-point ETCHING to ensure uncontcminated
for welding fo tinned shelf that also serves as base connection. Point-contact pellets surfaces is achieved on merry-go-round
are 0.045 in. square fixture that moves pellets under acid

Care must be taken in encasing point-contact transistors to see that the points remain

L 4 \
.

ASSEMBLY of point-contact transistors is accomplished FOLYISOBUTYLENE, a nonhardening resilient wax, is applied to the point.

using high.power microscope and micromamipulator contact area to provide semi-fluid environment. A protective coating of
to set contacts at a tolerance of 0.00025 in. quick-hcrdening polystyrene dope holds the wax in place

130 Cctober, 1953 — ELECTRONICS
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Transistor Manufacture

of controlled impurity ...

GROWING of single germanium crystals
comprises final step in germanium prep-
aration. Subsequent process is sawing

mit close point spacing ...

- I

POINT CONTACTS are shaped in ma-
chine shown from spools of wire. Hair-
thin contacts are visible as blur

fixed on base block . . .

ARALDITE, an opaque white plastic is
poured over the transistor, using medi-
cincl capsules as molds

ELECTRONICS — October, 1953

Complete details of the many steps involved, includ-

ing pertinent timing data, temperatures, materials,.

dimensions, etching and other special processes. First

technical article describing transistor manufacture at

RCA’s Harrison plant

By JAMES D. FAHNESTOCK

Associate Editor, ELECTRONICS

LTHOUGH TRANSISTORS are cur-
Arently available on a com-
mercial basis, many of the pro-
duction methods wused in their
manufacture are small-scale opera-
tions in comparison with modern
mechanized tube-making  tech-
niques. The processes to be de-
scribed are those presently in use
at RCA’s commercial pilot-produc-
tion setup at Harrison, New Jersey.

Industry needs for transistors
are expected to exceed tens of
thousands per day within a few
years, and obviously automatic
production methods will become
mandatory to meet those demands.

Germanium Preparation

The first step in manufacturing
transistors is the preparation of
ultrapure germanium. The main
source of germanium in this coun-
try is germanium dioxide, a by-
product of the =zinc-refining
process. Removing the oxygen
from the white germanium dioxide
powder is accomplished by placing
a boat containing approximately
450 grams of the oxide in a long
tube inside a reducing furnace.

Inside the furnace a constantly
circulating stream of dried and
purified hydrogen is passed over
the oxide. A cam-operated timing
mechanism heats the germanium
dioxide to a temperature of 650 C
for 3 hours, 850 C for 1 hour, and

WWW.americantadiohistornv.com

1,050 C for 1 hour. During this
time the powder becomes metallic
as oxygen is removed (in the form
of water vapor) by the hydrogen.

The metallic germanium result-
ing from this preliminary purifica-
tion process has a volume resistiv-
ity of between 14 and 3 ohm-cm,
but is still much too variable in its
characteristics for use in transis-
tors. A second process, called zone
refining, is used to further purify
the metal to a volume resistivity of
as high as 50 ohm-em. The intrinsic
volume resistivity for pure germa-
nium is 60 ohm-cm.

In RCA’s zone refining process,
the semi-pure germanium from the
reduction furnace is pulled through
one of two tubes in a boat similar
to the one used in the reduction
furnace. The boat must pass
through six sets of induction heat-
ing coils each of which heats the
metallic germanium under its turns
to the melting point.

As the germanium leaves the in-
fluence of each set of coils, it again
cools and solidifies and since most
of the impurities commonly found
in germanium prefer to be in mol-
ten metal rather than in solid
metal, these impurities actually
move toward the trailing end of the
boat in each melting zone.

The result of the zone refining
process is a bar of germanium,
roughly 65 percent of the weigl t of
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CURING AND TESTING comprise final steps in manufacture of point-contact tran-

sistors. Araldite polymerizes during 72-hour baking at 105 C. Shrinkage is held

to about 0.5 percent.

Testing position at right coniains all necessary circuits

for checking elecirical parameters of transistors

germanium dioxide used, with re-
sistivity ranging from 50 ohm-cm
at one end and falling off to
about 30 ohm-em two thirds of
the wayv toward the end that
trailed in traversing the furnace.
The six-foot tubes in the zone re-
fining machine are traversed in two
to three hours in an atmosphere of
90-10 forming gas.

Crystal Growing

The proper amount of impurity
is added and the bar of germanium
formed into a single crystal for
transistors, in the vertical “grow-
ing” machine. The zone-purified

germanium is melted in a hydro-
gen-atmosphere furnace. By a pre-
cise mechanical linkage a single
germanium crystal or seed is care-
fully lowered onto the top of the
germanium puddle. The germanium
immediately begins to crystallize
around this seed. Complete and in-
stantaneous crystallization is pre-
vented by mechanically pulling the
crystallized part awayv from the
melt while imparting a spinning
motion. Pulling speed is approxi-
mately 0.032 inch per minute, and
the forming crystal is spun about
its axis at 60 rpm.

This growing process takes sev-

eral hours. The result is a single
crystal of germanium (some im-
purities are added prior to the
growing process to obtain the de-
sired characteristics) about as big
as a thumb and six or eight inches
in length. These bars are subse-
quently sawed with diamond wheels
into minute pieces for use in tran-
sistors. The dimensions for the
pellets used in point-contact tran-
sistors are 0.045 in. square by 0.010
in. thick and for the junction tran-
sistors the pellets are 0.090 x 0.130
0.005 inch.

Point-Contact Units

The 0.045-in. square pellet com-
ing from the diamond saw contains
mechanical surface irregularities
that cannot be tolerated in transis-
tors. An even surfuace is obtained
by placing the pellets in a pre-etch
bath. After the etch, the pellet is
soldered to a support that has
previously been tinned (with pure
tin). The tinned surface of the
support is first coated with Divco
No. 335 solder flux, the germanium
pellet placed on this surface, and a
small soldering iron is then applied
underneath the support to form a
bond between the pellet and the
support without contamination.

The next process involves the
squirting of a fine stream of hydro-
aen peroxide and hydrofluoric acid
on the surface of the pellet as one
of the final cleaning steps before

Processing junction transistors also requires close tolerances in dimensions, temperatures

to proper thickness by Ames gage.
are rejected; thick slabs are re-etched
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Thin slabs

ALLOYING process takes place in hydrogen-atmosphere oven at about 550 C.
Twenty-five base slabs are placed in machined holes in jig along with nickel

-\

i

tab that will serve as base connection

wWWW-americanradiohistorv com
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applying the point contacts. This
special etching process is carried
on in a merry-go-round device in
which the supports are fixed to the
spokes of a rimless wheel in such a
way that when the wheel rotates
the pellets come under the nozzles
of the acid streams and subsequent
wash-water streams.

Used acid is collected beneath the
wheel, and only fresh acid touches
the germanium. When the sup-
ports reappear at the opening, the
pellets have been completely proc-
essed and are ready for the locat-
ing of cat-whisker emitter and col-
lector and the base lead.

A preformed point subassembly
comprises three parallel wires 0.018
inch in diameter and held together
by a glass bead. The center lead
is shorter than the two outside
leads which are formed to meet at
one end for temporary mechanical
rigidity. This assembly is held
firmly in the movable portion of a
jig that also serves as one electrode
of a precision resistance welder of
the type commonly used in tube
manufacture.

The first step in assembly is to
weld the almost invisible preformed
emitter and collector wires to the
side rods. The latter operation is
done with the aid of a 10-power
microscope.

The germanium pellet and its
support are next placed in the fixed
portion of the jig, which is ar-

ranged to slide the points into con-
tact with the germanium pellet.
Again, using ua microscope, the
operator determines the position at
which both emitter and collector
points come in contact with the
germanium plus 0.002 in., causing
the cat-whiskers to exert slight
pressure on the surface of the
germanium, The base connection
is then welded to the center lead of
the glass bead assembly.

A third step in this operation,
using a modified optical compara-
tor, consists of bending the side
rods closer together or farther
apart to adjust spacing between
the bhevelled points. This process
sets the spacing to within 0.00025
in. of the desired value, which is
0.0015 to 0.002 in. depending on the
resistivity of the germanium.

The transistor is now assembled,
but mechanical, thermal, moisture,
and light protection must be added.
First, a coating of polyisobutylene
is applied to the contact area by an
operator using a toothpick and a
magnifying glass. Since this mate-
rial is resilient, a4 protective cover-
ing such as quick-hardening Am-
phenol 912 polystyvrene is applied
over it for mechanical protection.
The latter hardens in air in about
3 minutes.

The point-contact transistor is
finished by surrounding it with an
ordinary medicinal eapsule. A
small paint brush and an ordinary

eve dropper are used to seal and
fill the capsule with Araldite, an
opaque white plastic chosen for its
low shrinkage. The transistors
are then baked in electric ovens for
72 hours at 105 C to polymerize the
Araldite—by this treatment
shrinkage is held to about 0.5 per-
cent. The electrical forming
process consists of discharging a
charged capacitor across the col-
lector-base terminals of the tran-
sistor a number of times to obtain
certain specified electrical proper-
ties. This process huas been dis-
cussed in the literature and will not
be explained here.

Alloyed-Junction Transistors

The alloyed-junction transistor
uses the same germanium base
material as the point-contact tran-
sistor, but the dimensions are dif-
ferent as mentioned previously. A
small slab 0.090 x 0.130 in. by
0.005 in. thick is desired. These
slabs are saw cut slightly over-size,
so that an initial etching process to
obtain surface smoothness mav be
applied.

After this etching process, the
individual slabs are gaged and di-
vided, according to thickness, into
ten groups. Those having thick-
nesses less than 0.0045 in. are
scrapped. Those between 0.00475
and 0.00525 are suitable for use.
Those thicker than 0.00525 in. are
re-etched in hatches for a length of

and timing. Testing before final fabrication saves time and minimizes rejects . ..

ETCHING positicn for germanium base with col-
lector and emitter pellets in place. Wash bath and

air blast are behind etch dish

ELECTRONICS — October, 1953

RESISTANCE of alloyed junctions is checked prior to assembly. Operator holds
transistor base in tweezers that form one contact of ohmmeter which checks

back resistance

www.americanradiohistorvcom
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Final operations on junction transistors are soldering. checking and electrical testing

HOT HYDROGEN melts solder that

attaches tinned wires to emitter and

collector pellets on opposite sides of
junction transistor base

time depending on the amount of
germanium to be removed. After
the second etch, thickness is again
checked. The slabs falling into the
0.0045 to 0.00475 in. category are
held aside for a special subsequent
processing.

Next comes the process in which
emitter and collector pellets are
fixed on opposite sides of the ger-
manium slab. To make pnp junc-
tions, indium pellets are used; for
npn junctions, lead-antimony pel-
lets are used. The pellets are cy-
lindrical in shape, with an axial
length thickness of 0.015 in. The
emitter pellet has a diameter of
0.015 in., while the collector pellet
is 0.045 in. in diameter.

Base Contact

Twenty-five of the germanium
slabs are placed in precision slots
in a jig. At the same time a tinned
nickel tab is placed in contact with
the germanium slab to serve as a
contact point for the base connee-
tion. First, the collector pellets
are brought into contact with one
side of the wafers. The jig is then
inserted in a close-fitting nichrome
tube through which 100 amperes of
current flows. The resulting heat
penetrates the stainless-steel jig
and fuses the tinned nickel tab and
the collector pellet to the germa-
nium slab.

The atmosphere in the furnace is
one of purified and dehumidified
hydrogen. The temperature is con-
trolled in the range of 520 to 550 C
to secure proper penetration of the

134

FINAL ASSEMBLY is checked for me-

chanical strength and arrangement of

leads adjusted by inspector using pair
of tweezers and magnifying glass

pellet material into the germanium
slab. After 12 minutes in the
furnace, the jig is removed, turned
over, and the emitter pellets are in-
serted in the smaller holes on the
opposite side of the germanium.
The jig is then returned to the oven
for a 4-minute firing. Shorter
times are used for the undersize
germanium slabs.

The individual transistors are
then immersed in an etch solution
of nitric and hydrofluoric acids for
25 seconds to remove any contam-
ination on the exposed junction
surface, taking care not to dip the
nickel tab in the solution with the
accompanying possibility of cross
deposition of the metal. The acid
action is stopped by washing the
transistor in a circulating bath of
hot water and a blast of purified
air removes water particles for the
short-circuit test that follows.

Resistance Testing

To facilitate rapid testing for
low barrier resistance, a special
ohmmeter is adjacent to the etch-
ing position. The nickel tab is
held in a pair of metal tweezers.
The tweezers are placed across a
metal bar which forms one side of
a circuit containing a 8-volt bat-
tery and a 0 to 100 microammeter.
The circuit is completed by bring-
ing the collector pellet in contact
with a spring contact.

A current reading of 6 pa repre-
sents a collector barrier resistance
of 500,000 ohms which is the low
limit for acceptance on an initial

WWW. americanradiohistorv. com

PLASTIC ENCASEMENT completes junc-

tion transistor manufacture. Junction is

first dipped in polystyrene and then cov-
ered with black paint and Araldite

etch. If more than 6 pa is indi-
cated, the resistance is too low and
the transistor is re-etched. If re-
etching the second or third time is
successful the transistor is ac-
cepted—if not, it is scrapped. A
reversing switch on the tester per-
mits testing of npn as well as pnp
junctions.

The next step in the fabrication
of RCA alloyed-junction transistors
involves the connection of 0.005-
inch copper-plated tungsten wires
to the collector and emitter pellets
and the base lead. This is accom-
plished by first tinning the ends of
the wires with Cerrobend, a solder
having a melting point of 90 C. The
base wire is welded to the nickel
tab by means of a small resistance
welder. The emitter and collector
wires, which have previously been
welded to the base assembly, are
brought into contact with the in-
dium pellets in a stream of hot hy-
drogen. This operation is observed
through a microscope to ensure a
thorough bond. No flux is used in
this operation. An inspector pulls

on the soldered wires to insure
firm mechanical bond.
The finished junction 1is then

dipped in Amphenol 912 polysty-
rene. Because of the photosensi-
tivity of the junction a coat of
black paint is avplied over the poly-
styrene and allowed to drv. The
unit is then cast in room-setting
Araldite using flexible molds simi-
lar to plastic ice-cube trays, to
facilitate easy removal after the
plastic hardens.
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Backward-Wave Tube

Electron-stream amplifier utilizing backward-wave mode forms microwave oscillator con-

tinuously tunable over a three-to-one bandwidth by a single voltage control. Tubes have

beel_l built for frequency bands centering about 6,000, 10,000 and 50,000 mc

ARIATION OF electromagnetic
waves along an electron stream
is the principle underlying much
recent work in broadband micro-
wave amplifiers and oscillators.
The backward-wave tube is a
wave-type device that can form a
microwave oscillator continuously
tunable over a three-to-one fre-
quency bandwidth merely by vary-
ing a single voltage. The tube can
also be made to function as an ex-
tremely narrow-band, high-gain
amplifier likewise tunable by vary-
ing a gingle voltage. Power out-
puts range from milliwatts to
watts.

Loaded Waveguides

Any loaded waveguide capable of
slowing down an electromagnetic
wave is a potentially useful circuit
for a traveling-wave tube. These
loaded guides can often be de-
scribed simply in terms of the
lumped-constant filter analogy. In
a filter composed of many identical
sections of the type shown in Fig.
1A, the phase shift per section is
approximately given by

VBX = wVLC
where B is the shunt susceptance
and X is the series reactance. For
energy fed in at the left, the phase
progresses to the right. Thus
energy traveling to the right has a
progression of phase or phase veloc-
ity to the right given by

lvp = w/\/B_X;= Wt/ VLC

If L and C are made large enough,
the wave travels slowly enough to
keep in step with an electron beam.
Figure 2 illustrates one method of
loading a guide to slow down the
phase velocity and indicates its
equivalent lumped-constant filter
circuit.

If the amplified output of the
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By H. HEFFNER

Bell Telephone Laboratories
Murray Hill, N, J.

tube is fed back directly to the in-
put, oscillations are built up at the
frequency for which the output is
in phase with the input. Although
it would appear that the frequency
could be continuously tuned by ad-
justing the phase shift in the feed-
back loop so that the total phase
shift remained 2n= as frequency
changed, in practice this scheme
never worked very well. Since the
circuit must be many wavelengths
long to give reasonable gain, and
the gain occurs over a large fre-
quency range, one adjustment of
the phase allowed favorable output-
input addition at many different
frequencies depending upon the
number of wavelengths total phase
shift. Thus as the phase shifter was
tuned the oscillations would jump
from mode to mode rather than
tune econtinuously. Although sev-
eral schemes were invented to cir-
cumvent the moding, they operated
only over narrow bandwidths.
Energv traveling from left to

right along a filter composed of
several sections of series capaci-
tance and shunt inductance as
shown in Fig. 1B experiences a
phase advance to the right. The
phase shift per section is approxi-
mately

~ANBX = —1/wVILC
where B is the shunt susceptance
and X the series reactance. The
phase velocity of the wave is

vp = — w/VBX = — 2/ VLC
Unlike the previous case, the direc-
tion of the phase velocity is op-
posite to the direction of energy
transfer. Thus, the circuit is said
to support a backward wave.

Backward Wave

The phase velocity of a back-
ward-wave circuit is a rapidly
changing function of frequency as
contrasted with forward-wave cir-
cuits, which may have an essenti-
ally flat velocity-frequency charac-
teristic. Figure 3 shows typical
variations of phase velocity with
frequency for forward and back-
ward-wave circuits. Degpite the
fact that a backward-wave circuit
changes phase velocity rapidly with

Millman 50,000-mc amplifier in which backward-wave oscillations were observed
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frequency, over a large band the
phase velocity may be much slower
than the velocity of light,

Feedback Circuit

\ backward-wave tube is shown
schematically in Fig. 4. Consider
a feedback loop composed of an r-f
electromagnetic field propagating
energywise from right to left and
and r-f conduction current induced
by this field flowing from left to
right which itself induces the orig-
inal field on the circuit.

The electric field traveling alonz
the backward-wave circuit experi-
ences a phase advance of wL/v,
where L is the total circuit length
and v, the circuit phase velocity.
The electric field velocity modu-
lates the electrons within the beam
traveling along with it. One quarter
of a cycle later, these electrons by
virtue of the speeding up or slow-
ing down have formed bunches giv-
ing rise to an r-f current. Thus the
r-f current lags the electric field by
90 deg or =/2 radians. This r-f
current travels down the tube with
the beam velocity, %, and in a
length L suffers a phase delay of
oL/w,. This r-f beam current in
turn induces an electric field on the
circuit. It can be shown that the
conversion process introduces an
additional 90-deg phase lag.

For the returned field to add in
phase with the originating field,
the total phase shift must be an
integral number of cycles. Thus
adding the phase advance on the
circuit, the =/2 phase lag in con-
verting electric field to current, the
phase delay in the electron beam
and the additional ~/2 phase lag in
converting again to the electric
field ¢ives

(oLl./v)) — 7/2 — (wl'u,) — 7/2 = 20«

or
(1 vp = Vg wl = (20 + )

as the condition for phase rein-
forcement,

Loop Gain

Integral phase shift is not the
only condition for oscillation; loop
gain must equal unity. Because
there is loss inevitably present, the
tube must amplify by traveling-
wave-type interaction to satisfy
this condition.

In any traveling-wave tube, the
amount of amplification per wave-
length is dependent upon the ratio
of circuit impedance, Z, to d-c beam
impedance V/I, and the difference
between the electron velocity and
the circuit phase velocity. The rela-
tive beam and circuit velocity is
fixed by the condition that the feed-
back loop be an integral number of
wavelengths. The condition to
start oscillutions is

Z N4 /V = constant

where N is the length of the circuit
in wavelengths and the constant
depends upon which integer value
of »n is picked in the phase-rein-
forcement relation. As n becomes
larger so does the value of the con-
stant, indicating that more beam
current is required to start oscilla-
tions for the higher oscillation
points. This is to be expected since
a larger value of n means that the
difference between beam velocity
and phase velocity is larger with
the result that the wave and beam
tend to get out of step, causing the
amplification to fall off.

Backward-Wave Oscillator

If the beam current is adjusted
to the value required to start oscil-
lations for the n = 0 conditions, the

tube will oscillate at a frequency
determined by the phase-reinforce-
ment relation

w = 5/(1/vy — 1/u,)L

When the beam velocity wu, is
changed by varying the beam volt-
age, the frequency also changes.
Since the phase velocity of the cir-
cuit is a smoothly varying function
of frequency, the frequency will be
a smoothly varying function of
beam velocity and the oscillator will
exhibit no holes or jumps. It will be
continuously voltage tunable,

Backward-Wave Amplifier

Such a regenerative-type oscil-
lator acts as a high-gain amplifier
when operated just below the start-
oscillation current. The gain is a
maximum for the frequency at
which the length of the feedback
path insures exact phase addition
and falls off rapidly as the fre-
quency changes and the feedback
goes from positive to negative.
Gains of 40 to 50 db can be achieved
depending upon how close the beam
current is to the start-oscillation
value. Figure 5A shows a typical
variation of gain as a function of
current. The formal relation of
gain as a function of current at the
frequency of maximum gain may
be expressed as

Power-gain ratio = K/(I — I,)?

where K is a constant depending
upon the impedance and tube length
and I, is the start-oscillation cur-
rent.

Gain falls off rapidly away from
the critical frequency-velocity point
where the feedback is positive, that
is, when circuit phase shift minus
beam phase shift is equal to =.
Since for many tubes, the magni-

f 3 3
2 5 % 35 3
(B)

FIG. 1—Filter that propagates a for-
ward-wave (A) and backward.-wave (B)
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lumped-constant filter analogy (B)
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tudes of these phase shifts may be
near 100, it requires only a small
frequency change to make their
difference vary from = to 2= re-
sulting in a change from positive
regenerative feedback to negative
degenerative feedback. The effec-
tive Q of the backward-wave ampli-
fier is defined as the ratio of the
frequency deviation required to re-
duce the gain by half to the fre-
quency of maximum gain. On this
basis, backward-wave tubes have
been built which have values of Q
running into the thousands. These
tubes have been constructed not
only in the centimeter-wave region
but also in the millimeter-wave
band where cavity Q’s above several
hundred are nearly impossible to
attain.

Selectivity and Bandwidth

Irigure 5B illustrates the varia-
tion in amplification with frequency
in the backward-wave amplifier. As
the beam current becomes closer to
the start-oscillation value the maxi-
mum gain increases but in addition
the gain curve becomes more
sharply peaked indicating that the
effective Q increases with increased
current.

The phase-shift relation that in-
sures regenerative feedback indi-
cates that the entire gain curve can
be shifted along the frequency akis
by merely changing beam velocity.
Thus it is possible to build a high-
gain microwave amplifier that can
be swept over a wide band at rates
up to several million times a second
and can distinguish with a high de-
eree of resolution between two sig-
nals differing only slightly in fre-
quency,

Bandwidth of a backward-wave
oscillator depends upon the cireuit

BEAM CURRENT IN MILLIAMPERES
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FIG. 5—Variation of backward-wave gain with beam current (A) and power-gain
as a function of frequency

used, its pass band and the de-
tailed phase velocity variation of
frequency. See Fig. 3. The oscil-
lation bandwidth can be no greater
than the circuit bandwidth, but it
can be less. For example, the
phase velocity can become so high
that it is difficult or even impos-
sible for electrons within the beam
to travel fast enough to satisfy the
phase relation for regeneration.
Nevertheless circuits are known
that allow the frequency to be
tuned over a three or even four-to-
one ratio. A backward-wave oscilla-
tor has been buiit that will tune
anywhere from 3,000 to 9,000 mec.

Other Advantages

Another great advantage of the
backward-wave tube is its im-
munity to frequency pulling. Un-
like the magnetron and the Xkly-
stron, the frequency of oscillation
does not change as the impedance
of the load is changed. This char-
acteristic malkes unnecessary the

| — =& 11
[ . |
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part WAVE / |
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ENERGY FLOW

s
A-C 2
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FIG. 3-—Phase-velocity variation in for-
ward and backward-wave circuits
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FIG. 4—Operating princirle of backward-wave

tube

insertion of an isolation element
such as a fixed attenuator between
oscillator and load.

The efliciency of early backward-
wave oscillators, defined as the
ratio of v-f power developed to d-c
beam power, was low, probably less
than one percent. Since then, by
the use of better circuits and better
focused electron beams, the effi-
ciency and the power output have
been increased such that a group
working at Stanford University has
reported continuous power outputs
of 125 watts with 12-percent effi-
ciency.

Frequency modulation of a back-
ward-wave oscillator is obtained by
varving the beam voltage, while
amplitude modulation results from
heam-current variations. The re-
sultant modulation of the back-
ward-wave oscillator, in common
with most electron-beam-tyvpe os-
cillators, is not pure frequency or
pure amplitude variation. There is
a small amplitude variation as
beam voltage is changed and a small
frequency variation as beam cur-
rent is changed. These effects are
not so pronounced as they are in
the klystron but under certain cir-
cumstances they may be trouble-
some enough to require correction.
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Top view of control chassis

Top view of remote chassls

Remote-Control System

By A. V. TIDMORE™
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FIG. 1-—Block diagram of complete transmitter remote-control system
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line meter reading,

TABLE I-FCC SPECIFICATIONS FOR TIIANSMITTER

REMOTE-CONTROL EQUIPMENT

The equipment at the operating and transmitting positions shall be on the premises under the control and sup-
ervision of the licensee at all times and shall not be accessible to persons other than the licensee or his agents.

The control circuits from the operating position to the transmitter shall provide positive on-and-off control
and shall be such that open circuits, short circuits, grounds or other line faults will not actuate the transmitter ;
and any fault causing loss of such control will automatically place the transmitter in an inoperative condition.

A metering system shall be provided so that the operator at the remote-control position shall have indications
of the operating constants of the last radio stage (total plate current and plate voltage) and the r-f transmission-

Means shall be provided for calibration and adjustment of the metering system to provide the accuracy pre-
scribed in the Standards of Good Engineering Practice concerning f-m broadcast stations.

Means shall be provided so that the operator at the remote-control position shall have an indication as to the
condition of the tower lighting.

Frequency and modulation monitors shall be installed at the remote-control position to indicate continuously
the carrier frequency and percentage of modulation,

Provision shall be made so that the necessary tuning of the transmitter and control of its output can be ac-
complished from the remote-control pesition

For F-M Broadcasting

Positive and fail-safe operation of remote f-m broadcast transmitter is achieved using

stepping-switch function selector and audio-tone control working over telephone lines.

Remote metering circuits monitor five important circuit functions

EMOTE CONTROL of WPPA’s

transntitter is provided by the
equipment to be described. The
operate-control unit is located at
the a-m transmitter site and the
remote-control unit is installed at
the f-m transmitter ten miles away.
Two telephone lines are used to
operate the transmitter. One line
connects meters mounted on a
panel at the operating location to
appropriate circuits at the trans-
mitter. The other carries dial im-
pulses and audio tones to tune the
transmitter. OQutput of the f-m
transmitter is monitored off the air
by a vhf receiver installed at the
operating point,

Metering Panel

Six quantities are metered re-
motely : power-amplifier plate volt-
age, transmission-line current (in

percent of maximum), power-
amplifier plate current, inter-
mediate-power-amplifier cathode

current, number of tower lights lit

ELECTRONICS — October, 1953

and resistance of the metering line.
Lamps on the metering panel indi-
cate the condition of the tuning-
control latching relay. A red lamp
indicates that the latching relay is
in ON position and that the trans-
mitter is tunable by remote con-
trol. The green lamp denotes that
the relay is in OFF position and that
remote controls are inoperable.

The function to be monitored is
selected by a telephone-type dial
that sends a series of d-c pulses
over a phantom circuit on the tone-
control line. The number of pulses
corresponds to the number dialed
and actuates a stepping-switch
relay that selects the transmitter
function to be monitored.

Tuning is accomplished remotely
by a tone-control system. Trans-
mission-line current and power-
amplifier grid and plate currents
are adjusted by tuning motors in
the transmitter. Audio tones sent
over the line in response to left or
right motion of double-throw key-

type switches determine whether
the tuning motors will advance the
controls clockwise or counterclock-
wise. Audio tones are also used to
turn the plate-reset relay off and
on and to control tower lights. A
separate audio tone holds the
transmitter plate relay on and re-
leases in case of control-equipment
or line failure, putting the trans-
mitter off the air.

Ten lamps on the control panel
show what transmitter function is
currently being monitored. Many of
the fuses in the remote-control
equipment are equipped with
failure-alarm lamps to facilitate
troubleshooting. Table I lists
specifications for transmitter re-
mote-control equipment as estab-
lished by the Federal Communica-
tions Commission.

Dial System

The block diagram, Fig. 1, shows
the operate-control unit at the a-m
transmitter and the remote-control
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unit at the f-m transmitter. Both
are coupled to the connecting tele-
phone line through transformers.
The center tap of each transformer
is. connected to ground through a
keyving relay. Either telephone dial
puts 100-volt pulses on both keying
relays so the system can be operated
from either the operate or remote-
control point. This allows the en-
gineer to check equipment perform-
ance by operating it at the remote
site. Dial points and keving-relay
contacts have 0.1-uf capacitors con-
nected across them to suppress arc-
ing,

When either telephone dial is
dialed clockwise, a pulse or pulse
train is impressed from the center
taps of Dboth transformers to
ground through the two keving re-
lays. The keving relay in the oper-
ate-control unit is shown in Fig. 2
and the keying relay in the remote-
control unit may be seen in Fig.
3. Both relays are designated RE..
Dialing circuits for both units are
practically identical.

The keying relays close inter-
mittently at both transmitter and
control point in response to pulses
from the telephone dial. This sup-
plies 14 volts d-c to a pair of slow-
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release relays, RE, and RE.. Pro-
tecting relays, RE, prevent volt-
age from arcing on the contacts of
the stepping-switch relay, RE,, dur-
ing the switching operation. The
protecting relays are energized
through the normally-open contacts
of slow-release relays, RE,, and are
kept energized through the nor-
mally-closed contacts on the same
relays while they are energized.

Before slow-release relay, RFE,,
can operate in response to the
signal from the keying relay, the
release relay, RE. 1is actuated
through the normally-closed con-
tacts of the slow-release relay. The
release relay resets the stepping
relay, RE,, to its initial position.
The stepping relay is then en-
ergized through the normally-open
contacts on the slow-release relay,
RFE,, and the stepping switch is set
to position 1.

When number 1 is dialed, no
pulses are applied since the step-
ing relay is automatically set to
position 1 as it comes to rest. The
dial pulse consists of removing the
14 volts d-c¢ for a fraction of a
second.

When number 2 is dialed the
counterclockwise movement of the

dial impresses one pulse omn the
tone-control line to ground and also
across keying, stepping and slow-
release relays. The dial pulse has no
effect on the slow-release relays but
actuates the stepping relay, mov-
ing the switch arm to position 2.
Ten positions can be achieved
with nine pulses from the telephone
dial. The stepping relay auto-
matically resets on each clockwise
motion of the dial. When the dial
is at rest, all relays are déenergized.
The pulses of the dial can be heard
bv connecting a pair of earphones
from the center tap of either line
transformer to ground.

Operate-Control Unit

The operate-control unit incor-
porates three audio oscillators that
generate control tones for the f-m
iransmitter. Transitron oscillators
tuned to 925, 1,025 and 1,200 cps
are coupled to the tone-control line
through a two-stage amplifier. The
1,025 and 1,200-cps tones control
transmitter switches and tuning
motors when actuated by tuning-
control key switches. The 925-cps
tone is alwavs on the line when
the transmitter is operating under
remote control. Tt actuates the
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transmitter plate relay through
circuits in the remote control unit.

The stepping switch consists of
three decks of ten contacts each.
The first deck connects to a bank
of ten lamps that tell the operator
at a glance what position the
arm is in. The second deck selects
one of the first nine control key
switches.. The arm is connected
to 14 volts d-c. The tenth key switch
is connected through contacts on
the third stepping-switch deck and
actuates an ohmmeter used for
checking line resistance.

Each key switch controls a trans-
mitter adjustment. When the key
is moved to the right, 14 volts d-¢
is applied to a relay in the plate
cirecuit of the 1,025-cps oscillator
that connects its output to the tone
amplifier. When the key is moved
to the left, the 1,200-cps tone is put
on the line. The outputs of both
tone oscillators are normally loaded
to ground and disconnected from
the tone amplifier. The 1,025 and
1,200-cps tones are used either to
turn tuning motors clockwise or
counterclockwise or to turn switches
off and on at the f-m transmitter.

The third deck of the stepping
switch selects one of six meters.
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Meters one to five read: p-a plate
voltage, transmigsion-line current
(in percent), p-a plate current, ipa
cathode current and number of
tower lights lit. The meters have
500-microampere movements and
33,000-ohm  multipliers. Sixteen
volts d-¢ across the metering line
causes full-seale defiection.

When number 10 is dialed, an
ohmmeter is connected into the
cireuit. The ohmmeter has a 1-milli-
ampere movement. When key
switch 10 is thrown to the right,

the ohmmeter may be calibrated to
zero; when thrown to the left, the
ohmmeter reads the resistance of
the metering, line. The line-com-
pensating resistor (LINE ADJ) is
used to adjust line resistance to the
value determined when the meters
were calibrated. Line resistance
changes little, however, and has
little effect on the meter readings.

The tuning-control latching relay
provides a safety feature that pre-
vents the transmitter’s being
tuned accidentally. Before a tuning
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F1G. 4—Radio-frequency amplifier used in off-air monitoring
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control can be actuated, it is first
necessary to place the latching
relay in ON position. This is done
by dialing number 9. This connects
14 volts d-c to the line to energize
the sensitive relay, RE. in the
operate-control unit. The sensitive
relay in turn applies 14 volts d-c
to the latching relay RE, turning it
on. The ON position is indicated by
a red lamp. With the tuning-control
latching relay in ON position, RE,
and RE,, in the remote-control unit
are energized. These relays are in
the tuning-control circuits and per-
mit the control relays to be actuated
in response to tone signals.

When number 10 is dialed at
either control point, the tuning-con-
trol latching relay is placed on OFF
position.

Remote-Control Unit

The signals from the tone-control
line are transformer-coupled to a
two-stage audio amplifier. After
amplification, the audio tones are
separated by three parallel band-
pass filters sharply tuned to 925,
1,025 and 1,200 cps respectively.
The output each filter is amplified,
rectified and applied to the grid of
a 2050 thyratron. Each thyratron
has a relay in its plate circuit that
is energized when the tube con-
ducts. The 925-cps tone is always
on the line and the output of this
channel keeps the transmitter plate
relay energized.

The 1,025 and 1,200-cps channels
carrying tuning control signals.
The switch arm of deck number
three of the stepping switch selects
a set of relays from RE, to RE,,
depending upon the number dialed
by the operator. These control re-
tavs actuate tuning motors or throw
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switches depending upon the trans-
mitter function being adjusted.
The relays are energized when cur-
rent flows in the thyratron relay
tube and the frequency of the audio
tone thus determines the direction
of tuning-motor rotation.
Number-two deck of the stepping
switch connects one of ten indicator
lamps to give visual indication of
the position of the arm. Number-
one deck is connected to 8 potentio-
meters. One end of each poten-
tiometer is connected to its
individual transmitter metering
circuit, The other end is connected
to ground. The potentiometers are
adjusted so that remote meter read-
ings correspond to meter readings
of the f-m transmitter. Transmitter
meter readings are taken from the
ground side of the transmitter
circuits, Protective parallel re-
sistors are placed in circuits where
high voltage is found. Should one
of the resistors open or become
defective, high voltage will not
appear in the remote-control units.
Since it was impossible to get a
true sampling current from the
p-a grid and still keep one side
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FIG. 6—Simple circuit indicates number
of tower lights burning

of the transm: :ter metering circuit
grounded, the ipa cathode current
is metered instead.

CONELRAD

Thz remote-control eguipment
complies with the CONELRAD re-
quirement. The transmitter is
taken off the air if any of the
following units fail: tone-control
line, two-stage tone preamplifiers.
6F6 plate-relay circuit (the 6F6
plate removes the 110 volts a-c from
the thyratron), 925-cps sharp-band-
pass filter, three-stage amplifier,
thyratron control tubes or the d-c
plate voltage supply.

R-F Amplifier

The frequency and modulation
monitor is operated off the air by
picking up the f-m signal on 101.9
me, at the operate-control point
using an eight-element Yagi an-
tenna and amplifying the r-f
signal in the four-stage r-f ampli-
fier shown in Fig. 4. Several low-
power tubes are used to reduce tele-
vision interference. The r-f ampli-
fier can pass f-m with sufficient
bandwidth. The d-c power supply
is electronically regulated.

Electronic Switch

The off-the-air audio monitor is
operated by an electronic switch
(Fig. 5) through the use of a multi-
vibrator circuit. The f-m and a-m
monitoring program is fed to the
master monitoring amplifier with
three-second periods of f-m alter-
nating with three-second periods of
f-m and a-m. Lamps indicate
which program is in operation. The
f-m and a-m signals can be moni-
tored separately by turning the test
switch to the left for f-m or to the
right for a-m. The center position
is used for the a-m and f-m moni-
toring.

Tower-Light Metering

The tower-light metering circuit
is shown in Fig. 6. This consists
of a current transformer and a full-
wave selenium rectifier. This unit
is calibrated to register on the
meter the exact number of lamps lit.
Arrangements are also provided for
talking between operate and remote-
control points by capacitively con-
necting a telephone to the metering
line.
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Magnetics In Geology

Three-coil sensing head and bridge circuit measure the magnetic susceptibility of rocks

in the ground for correlation with readings obtained with airborne magnetometer.

Change in self-inductance of coil ordinarily caused by rock irregularities is avoided

in design that is also independent of frequency

NTERPRETATION of aeromagnetic

measurements must generally
be made in terms of magnetic rock
studies since the magnetic effect
produced by a given structure de-
pends upon the contrast between it
and surrounding rock., The instru-
ment to be deseribed was developed
for measuring magnetic suscepti-
bility of rocks in place.

All previously published data on
the magnetic susceptibilities of
rocks have been based on laboratory
methods using a few grams of
sample. It has been shown' that
many such measurements are
needed to describe adequately the
magnetic properties of a large rock
body.

Reducing Errors

Measurements made on the rock
in place should reduce sampling
errors, since the effective volume of
rock under measurement is several
thousand times greater than for
laboratory measurements. It should
eliminate changes in magnetic
properties produced by crushing or

By HAROLD MOONEY

Agsistant Professor of Geophysics
University of Minnesota
Minneapolis, Minn.
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Surveys with sensitive magnetometer suspended below plane indicate possible
presence of iron ore and oil in land below

grinding, eliminate demagnetiza-
tion errors and permit direct cor-
relation with geology.

The basic instrument consists of
three coils and a portable bridge
for measuring mutual inductance.
Coils A and B are connected in ser-
ies, so wound that their fields nearly
cancel at the position of ecoil C.
Mutual inductance between C and

Table I—Coil Characteristics

CoilA Coil B Coil C
Radius in Cm 9.8 31.0 9.8
Number of Turns 227 200 200 No. 29 Formex
Resistance in Ohms 39.1 109.0 3..5
Self Inductance in Mh 27.2 74.9 18.539* *Effective value, de-
termined indirectly
Mutual Inductance with —2.331  +2.543 Calculated
Coil C in Mh

ELECTRONICS — October, 1953

the system A and B then reduces to
a small value, about 200 vh for the
particular arrangement used here.
When the assembly is placed on a
rock surface, asymmetry of the coil
system causes the mutual induct-
ance to change. Magnetic suscepti-
bility of the rock can be related to
measurable electrical quantities
through the following analysis.

The mutual inductance between
two coaxial circular coils is

M=81rnln;\/rl 9

t2 7 2 »
( 1+ )K= E |107uh, )

where K (t) and E (t) are complete
elliptic integrals of the first and
second kinds, * = 4 r7./[ (1 4+ 7.)°
4+ 2*] and =n, r and 2z represent
respectively number of turns,
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Analysis of airborne magnetometer findings depends upon field surveys. Portable
insirument mounted on iripod is also used directly above rcck formations

radius in ¢m, and axizal off'set in em.

Smythe® derives an equivalent
equation. The change in mutual or
self-inductance owing to the rock
can be caleulated in terms of the
mutual inductance between a par-
ticular coil and the image of the
same or another coil. The image,
of strength 2 = k/( 1 + 2 =z k)
where I represents magnetic sus-
ceptibility, ix located at the reflec-
tion position.

Inductance Calculation

To illustrate; the mutual induct-
ance between two coplanar coils 5
cm above the level surface of a rock
of susceptibility & would be de-
termined from the above formula
with 2 = 0. The change in mutual
inductance AM due to the rock
would be calculated by the same
formula with z = 10 and 3 multi-
plied by 2 = /(1 + 2 = k). A
change in self-inductance cuan be
computed as the mutual inductance
between the coil and its image.

It is convenient to separate each

of the results into a factor G de-.

pendent on the geometry of the sys-
tem and a factor k/(1 + 2 = k) in-
volving only rock susceptibilities.
The effects produced by the rock
can then be written as a change in
mutual inductance AM = Gk/(1 +
2 = k') and a change in self-induct-
ance AL = G.k/(1 + 2 = L), where
each G is the sum of one or more
terms in the form of Eq. 1. Typical
values for G, and G, are 9,608 and
10,220 microhenrys, calculated for
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the dimensions shown in Fig. 1.

Let it be assumed that the mag-
netic properties of the rock have
changed the apparent coil constants
toM + A M, L.+ N L, and R,
+ A R,; the bridge is now found
to balance at R, + A R, R, + A R..
By substituting these new values
into the balance conditions shown
in Fig. 2 it may be shown that

AR, MAL — L.AM

R: (Le—M)(M+aM) (2)
where the changes are not re-
stricted to small values because
products such as A R, A M have not
been dropped. Approximating L,
— M by L. the final relationship
becomes

Rz Rs )
/‘: ‘I\E;Tf; G2_Il3 G]
A T
R T R )

The bridge readings give R,, A R,
and (from the balance conditions)
M. The unknown % can then be
calculated from the electrical and
geometrical constants of the sys-
tem. In principle, M should be con-
stant for a given coil arrangement,
but temperature change and me-
chanical shock produce small
changes that cannot be neglected.

For this reason each suscepti-
bility determination is preceded by
a base reading of R, on a tripod
well away from the rock. A small
correction for the effect of the rock
must be applied to the tripod read-
ing. In practice, Eq. 3 is plotted as
a calibration curve of k& vs A R,
using three values of E, as param-

www americanradiohistorv com

eter for each point of the curve.

The unusual coil arrangement of
Fig. 1 minimizes an important
source of error, that due to irregu-
larities of the rock surface. The
calibration equation assumes an
infinite plane surface; failure to
satisfy these assumptions may pro-
duce Jarge errors.

Rock Irregularities

It has been shown' that, for this
instrument, a hemisphere of 50-cm
radius will approximate an infinite
half space. In addition, Eq. 3 can
be used to demonstrate that, with a
proper choice of coil arrangement,
the electrical change A R, produced
by a given rock can be made to pass
through a maximum as the coils
are lifted from the rock surface.
The maximum oeccurs at F = 3.3 em
in Fig. 1. '

At the peak, therefore, small
errors in measuring F produce only
slight errors in A R,. This predicted
effect has been verified experiment-
ally. To the extent that surface
irregularities are equivalent to an
error in measuring F, the coil ar-
rangement of Fig. 1 will minimize
their effect.

Paterson® and Duffin* have de-
scribed instruments for determin-
ing magnetic susceptibility on rock
outerops. Paterson measured the
change of self-inductance of a coil
laid on the rock; Duffin measured
mutual inductance for the three
coplanar coils of a model 625 mine
detector. Maximum sensitivity for
both instruments coincides with
maximum variation with distance
from the 1"ock surface, as shown in
I'ig. 8. As a result, surface irregu-
larities can cause large errors.

To provide comparative data on
outcrop vs laboratory measure-
ments, a laboratory instrument
similar to one described by Duffin
was constructed. Coils were so
wound that the same measuring eir-
cuit could be used as for the outerop
instrument.

Circuits

The complete circuit shown in
Fig. 4 includes oscillator, bridge
and detector.

The null-measurement character-
istic of a bridge was chosen over a
direct-reading meter to avoid uvn-
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certainties produced by variable
oscillator output and variable ampli-
fication. The circuit, essentially a
Heydweiller bridge, has three fea-
tures desirable for this application:
balance conditions are independent
of frequency, so oscillator stability
is not critical. Both variable ad-
justments are resistive and balance
conditions are independent, which
permits quick, accurate balancing.

To provide the desired accuracy,
changes in R. must be measurable
to about 1 part in 5,000 (although
R, itself need not be known this
closely). Resistance R, has been
built up, therefore, as a series of
five fixed and one variable resistor
as shown in Fig. 4. Individual
shorting switches across the fixed
resistors permit coarse variation in
R, A type-A Helipot, linear within
0.5 percent, provides the required
accuracy in the variable resistance.

tesistance R, includes com-
ponents similar to K, It has not
proved necessary to measure the
out-of-phase component given by
I, although this could be used to
determine rock conductivity.

The chief requirement on the
fixed bridge components is stability
rather than precision, since the ac-
tual values can be measured on a
laboratory bridge. Wire-wound re-
sistors and a mica capacitor pro-
vide this stability.

Oscillator

The oscillator circuit includes a
1G6 duotriode oscillator, a 1G4 buf-
fer-amplifier, and a 1G6 push-pull
triode output. Requirements of the
oscillator include low harmonic con-
tent, fair amplitude and frequency
stability, frequency low enough to
avoid effects due to rock conduc-
tivity and output voltage sufficient

colL A
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ROCK SURFACE
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INDUCTANCE)
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FIC. 1—Design of three-coil sensing
head
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FIG. 2—Diagram of bridge circuit using
three coils

|

o

PRESENT

8 INSTRUMENT-
- PREVIOUS
6

INSTRUMENTS

S

MEASURED ELECTRICAL EFFECT IN UNITS

L |
OO i 2 3 4 5.
SEPARATION FROM ROCK SURFACE IN CM

FIG. 3—Improved performance of new
ma<netic instrument shown graphically

to produce a magnetic field of 0.5
oersted near the coils.

Geologic considerations dictate
the last requirement; rock suscepti-
bility varies with field strength, so
measurements should be made at a
magnetic intensity roughly equal to
that of the earth. This requires
about 15 v input to the bridge cir-
cuit, a setting that is made by
means of a dropping resistor at the
grid of the buffer tube.

The oscillator combines simplic-
ity with stability. The tuned grid
circuit using a toroidal permalloy
inductor determines the frequency
of 975 cps. Cathode coupling in-
troduces negative feedback for
amplitude stability.

The buffer stage proved neces-
sary to maintain good waveform.
Power is supplied by three flash-
light cells and a 90-volt battery.
The oscillator is completely shielded.

Output from the bridge feeds
through a step-up transformer and
volume control to the grid of a
1U4. Two stages of class-A R-C
amplification lead to a cathode fol-
lower, which provides an impedance
match to the phones. The plate cir-
cuits are tuned to 575 cps, well be-
low the oscillator frequency, to re-
duce harmonics. The maximum
voltage gain is 1,325, input trans-
former to phones. This character-
istic drops 0.5 db at 975 cps, 4 db at
1,950 and 25 db at 4,875 cps.
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Wooden phantom constructed to simulate density of the

human body is used to determine dosages from 24-mev medical

betatron. Scintillation crystal placed within phantom transmits
light to multiplier phototube in housing, right

THE BASIC BETATRON

The betatron is a magnetic-induction accelerator in which elec-
trons are continuously accelerated in a circular orbit by a changing
magnetic field. The evacuoted acceleration chamber, or donut, has
a toroidal shape. The time rate of increase of flux in the core of
the magnet at the center of the donut produces a continuous in-
crease in momentum of the electrons.

As the momentum of the electrons increases, the field intensity
at the orbit must be increased to keep the electrons in a stable
orbit of fixed radius.

Radial and vertical stability are obtained by shaping the magnet
pole faces. At approximately 12 microseconds following zero field,
electrons are injected into the donut. The injector consists of a
tungsten filament mounted inside a molybdenum grid and plate
structure having an opening in the direction of injection.

After the electrons have been injected, they are continuously
occelerated by increasing magnetic flux. When the electrons have
reached the desired energy they can either be brought out as a
beam or caused to strike a target mounted in the donut and pro-
duce x-rays.

In the Memorial betatron, a shunt consisting of laminated mag-
netic material with high permeability and high limit of saturation
is used to extract the beam. It contains a horizontal slot tangent
to, and just outside the equilibrium orbit of the electrons. When
the electrons have been accelerated to the desired energy, an
automatic pulse through a coil inside the equilibrium orbit causes
the instantaneous electron orbit to expand to larger radii. The

High-Power Betatron

Twenty-four mev medical betatron irradiates deep-seated tumors with minimum damage

to surrounding tissue. Electronic equipment controls acceleration of electron beam and

measures high-energy x-ray output

N THE last two decades a variety
I of high-energy accelerators
have been built to operate at con-
tinually increasing energies.
Though most of these accelerators
have been used almost exclusively
for nuclear research, the betatron
has found practical applications in
medical therapy and diagnosis in
hospitals and medical institutes.

Low-energy x-ray beams pro-
duced by ordinary medical x-ray
equipment produce their maximum
dose on the skin, do not penetrate
to great depths in tissue, are not
well defined because of scatter and
are particularly destructive of bone.
The high-energy x-ray beam pro-
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duced by the 24-mev betatron at the
Sloan-Kettering Institute, Memor-
ial Center for Cancer and Allied
Diseases, New York has been ef-
fective in irradiating deep-seated
tumors in the human body with
minimum damage to surrounding
tissue. The electron beam of the
betatron can be used in the treat-
ment of lesions near the surface
with a minimum of penetration.

Electronic Equipment

All of the timing and control
operations of the 24-mev medical
betatron, as well as associated in-
struments for various measure-
ments, involve electronic cirenits.

wwWwW americanradiohistorv com

Accurately timed pulses a few
microseconds in duration are re-
quired for injection of the elec-
trons and expansion of the orbit.
This pulse timing is eritical and
must be adjustable to a fraction of
a microsecond.

Primary Power Circuit

The primary betatron power cir-
cuit is shown in Fig. 1. The
primaries of the static frequency-
tripling transformers are wye
connected and the secondaries are
in delta connection. In the satura-
tion range of the silicon-steel trip-
ler transformers, the third har-
monic is approximately 60 percent
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shunt provides a field-free region where electrons entering the slot
can escape the guiding magnetic field.

The presence of this magnetic shunt inside the donut perturbs
the orbit somewhat at injection time and prevents the capture by
the orbit of all the injected electrons. This effect is minimized by
placing around the shunt a coil that is energized at injection time
ir;‘ such a way as to oppose the magnetic field induced in the
shunt.

X-rays are produced by having an accelerated beam of electrons
strike a target. The relative efficiency of electrons for the produc-
tion of x-roys depends on their energy and the atomic number of
the target material. The higher the energy of the electron and the
greater ine atomic number of the target material, the greater is
the percentage of the energy of the electron that will produce
X-rays.

As is true of all x-ray spectra produced by electrons striking a
tarcet, the spectrum of x-rays from the betatron is continuous.
The maximum energy of the x-rays is determined by the maximum
energy of the electrons. Taking into consideration the relativistic
change of mass of the electron, the maximum energy of the beta-
tron is

E=3 X 10* Hr — 0,51

where M is expressed in gauss, r in cm, and E in mev Lr the
Memorial betatron, H is a little over 4,000 gauss, r is about 20 cm
and the maximum enercy is 24 mev. To reach this energy the
electron makes approxinately 250,000 revolutions during the
quarter cycle of 1/720 second

Betatron control room has water window through which oper-
ator can watch patient under radiation. High-energy x-ray beam
makes possible treatment of deep-seated tumors with minimum
damage to surrounding tissue

for Cancer Therapy

By J. S. LAUGHLIN, J. OVADIA, G. SHAPIRO and Z. ABDUN-NABI

Department ¢~ Physics and Biophysics

Sloan-Kettering Institutle
Memorial Center for Cancer and Allied Diseases, New York, N. Y.

of the fundamental. The other
harmonics are suppressed or neg-
ligible. A capacitor neutralizes
the inductance of the tripling
transformer. The capacitance in
the tuned betatron circuit consists
of four banks of air-cooled capaci-
tors with approximately 413 uf in
each bank.

An auxiliary transformer pro-
vides 180-cps power for other cir-
cuits. The betatron’s main tuned
circuit is resonated by varying the
number of capacitors in the bank
or by varying the inductance. The
inductance can be adjusted by
changing the air gap in the three
legs of the betatron magnet.
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Injection of electrons occurs in
a burst a few microseconds in dur-
ation about 12 microseconds after
the magnetic field passes through
zero. Injection voltage and injec-
tion time are related so that the
momentum of the injected elec-
trons will equal the momentum
equivalent of the magnetic field of
the equipment.

Injection voltage is usually set
somewhere in the neighborhood of
60,000 volts, which corresponds to
12 microseconds after zero-field
time for the 24-mev betatron.

Figure 2, shows the essential
features of the injection circuit.
Capacitor C is periodically charged

www.americanradiehistorvy com

through the power supply and is
discharged when the 5C22 hydro-
gen thyratron is triggered. The
capacitor discharges into the in-
jector pulse transformer producing
a secondary pulse of 60 kv, nega-
tive with respect to ground.

Pulsing

The output winding of the fila-
ment transformer is connected to
the pulse-transformer secondary
so that the betatron’s filament is
pulsed approximately 60 kv nega-
tive with respect to the plate which
is grounded. A grid structure
partially surrounds the filament and
is attached to it. The grid focuses
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the electrons from the filament
towards the opening in the plate.
The plate and grid are constructed
of molybdenum, and the filament is
made of thoriated-tungsten wire.

The trigger pulse originates in a
secondary winding on ua strip of
high-permeability material across
the gap of the pulse transformer
in the primary betatron circuit.
This strip is saturated during all
of the cycle except when the cur-
rent and magnetic field pass
through zero. The reversal of flux
in this strip at that time induces
the trigger pulse at zero-field time.
A bias winding fluxes the strip
to change the time at which the
strip actually passes through its

zero-field value. By changing the
current in the bias winding the

pulse can be varied for approxi-
matelv 40 microseconds on either
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FIG. 1-—Primary power circuit of beta-
tron. Magnet coils and capacitor bank

side of normal zero-field time.

Contraction

The entire injector structure is
at a larger radius than the equi-
librium orbit. If all the injected
electrons are to be captured in the
equilibrium orbit, it is important
that they do not strike the injector
structure on their first few revolu-
tions after injection. This requires
that their instantaneous orbit
radius be rapidly contracted to the
radius of the equilibrium accelerat-
ing orbit.

Contraction of the orbit of the
rotating electrons at the critical
injection time is facilitated by pro-
viding flux in opposition to the
main field flux by the circuit of
Fig. 3A. Two coils having a radius
slightly greater than the normal
orbit are located on the poles of
the betatron, one above and one
below the donut. When the' GL-
5632 thyratron is triggered, the
contractor «coils are essentially
shorted through a 25-ohm resistor.
The main magnetic-field flux pass-
ing through these coils will induce
a counteracting flux in the opposite
direction that serves to contract the
orbit.

Since the thyratron is triggered
it zero-field time when the time
rate of change of flux is maximum,
the contraction effect is also maxi-
mum at this time. As the mag-
netic-field intensity increases and
the time rate of flux change de-
creases, this contraction effect be-
comes less important, disappearing
by the time maximum acceleration
1s reached.

pulse from a winding on another
strip of high-permeability material
on the same pulse transformer
used to trigger the injector cir-
cuit. A separate bias winding is
provided for this strip so that the
actual time at which the thyratron
is triggered can be varied to pro-
duce maximum capture of electrons
during injection.

Expansion

To produce x-rays the electrons
are deflected from their normal
equilibrium orbit and caused to
strike a target. In this betatron
the target is mounted on the end
of the injector, just outside the
normal equilibrium orbit. To strike
the target, the radius of the beam
orbit must be increased. The flux
through the orbit is increased by
passing a current pulse through
two series-connected coils located
above and below the donut on the
poles of the betatron. The coils
have a radius slightly smaller than
the equilibrium orbit. Figure 3B
shows the circuit employed to pass
the current pulse through these
coils.

Since the electrons have their
maximum energy when the mag-
netic field has reached its maximum
value, expansion is timed to occur
at the end of the quarter cycle
when the field is at its maximum.
Capacitor C, of Fig. 3B, is periodi-
callv charged through an FG-2R0
mercury-vapor rectifier. The power
source can be either the auxiliary
transformer in the primary beta-
tron circuit or a couple of windings
around one of the legs of the beta-

form 180-cps tuned circuit The thyratron is triggered by a  tron magnet. When the GL-415
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TRANSFORMER PEAKER PULSE
VARIAC = ., _ VARIAC e VARIAC TRANSFORMER
e
! TURN, =y ety
BIAS oy “ 120 VOLTS -
19fkel s
” ' IBOCYCLES ” 500 O7SH !
LEG 1/ = = 121812 5K
TURN i r TV -
ULSE{ I POLAERENT
WINDING 1"k i (a)
PRIMARY / :
BETATRON
CIRCUIT Ly — F6280  — o __
INJECTOR PULSE ~
TRANSFORMER s 20V H
K311 OG0 N/~ -+~ELECTRONS 180CPS
p DONUT EXPANDER
i . 7 CcoiLs
FIG. 2—Electron injection system. Electrons are injected into TLUERG
donut by 60-kv pulse every 1/180 second TRIGGTZR
SIGNAL oK
FIG. 3—Contractor (A) and expander (B) circuits bring electron = K= X1.000

beam into proper orbit, expand it to hit x-ray producing target
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ignitron is triggered, C will be
discharged through the two coils
on the poles of the betatron adding
to the flux provided by the main
betatron coils.

The ignitron is fired by the dis-
charge of the C’ that occurs when
the KU-673 thyratron is triggered.
This thyratron fires when its grid
passes through zero value and be-
comes positive. The grid is con-
nected to a leg turn so that its
potential varies sinusoidally 90 deg
out of phase with the magnetic-
field intensity. This phase relation
causes the expansion pulse to occur
when the magnetic field is at its
maximum value.

A variation of a few microsec-
onds in the firing time of this cir-
cuit will not cause any important
variation in the maximum energy
of the electrons, since the mag-
netic-field intensity changes slowly
near its peak value.

Beam Monitor

When the betatron is being used
to produce x-rays the beam is moni-
tored by an ionization charmber.
This chamber is mounted on the
inside of the lead shield in front
of the betatron in the path of the
x-ray beam. The ion chamber con-
sists of nine aluminum plates, two
millimeters apart. The chamber is
sealed air tight so that its calibra-
tion will not change with fluctua-
tion in ambient pressure and
temperature. A 385-volt potential
difference between aluminum plates
is supplied by the circuit shown
in Fig. 4.

This circuit uses the ionization
collected in the ion chamber to give

Porcelain donut of medical betatron can be seen between magnet-coil boxes. Output
tube and monitoring apparatus are mounted on heavily shielded door, right

a continuous indication of the rate
of x-ray output, and also to inte-
erate the total output in anyv de-
sired interval of time.

Upon irradiation, capacitor C is
discharged. The potential of the
grid of the 2AJ triode is about
—385 volts, which is also the po-
tential of the collecting plates in
the ijon chamber. As a result of
the irradiation and the consequent
production of ionization in the gas
of the monitor ion chamber, a
charge accumulates on C and the
potential of the 2A3 grid begins
to increase expotentially.

The 2A3 is a low grid-current
triode and extreme measures are
taken to prevent any leakage from
the grid to other electrodes. The
2A8 is coupled as a cathode fol-

MECHANICAL
COUNTER T 2A3
ION -

CHAMBER ( | =

cwpLIFIER OO
6C8G $ oD3
b ARA—

VOLTAGE
Lg REGULATQOR

| gr ]

Bl |

K= X 1000

FIG. 4—Beam-monitor circuit measures beam intensity using ion chamber and indi-
cctes total exposure on mechanical counter
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lowwer to the grid of the 502A
thyratiron.

Before the grid of the 2A3 has
increased sufliciently to affect the
collection efficiency of the ion
chamber, the 502A fires, operating
a relay that discharges C, and re-
turns the potential across the ion
chamber to 385 volts. At the same
time the relay also operates a me-
chanical counter. By adjusting
circuit constants the mechanical
counter can be made to indicate a
specific number of roentgens in the
x-ray beam.

Indication of the continuous rate
of x-ray production is accomplished
by the amplifier circuit, which in-
cludes the 6C8G triode. The po-
tential across grid resistor R is
proportional to the rate of charg-
ing of C. This potential appears on
the grid of one of the triode sec-
tions and determines the potential
drop across R. The unbalance of
the cathode resistor network of the
6C8G is indicated by the meter and
is proportional to the rate of x-ray
production. The timing controls of
the injector and contractor circuits
are adjusted to maximize the rate
indicated by the meter.

Pulse Monitor

The actual width of the x-ray or
electron pulses from the betatron
can be displayed on an oscilloscope
by the circuit in Fig. 5. The radia-
tion burst is detected in an anthra-
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cene crystal. Fluorescence caused
in this crystal by absorption of the
radiation is amplified by a 1P21
multiplier phototube. This signal
is applied to the grid of a 6AKS
used as a cathode follower to feed
an oscilloscope.

The anthracene crystal has a
response time of 10 sec and radia-
tion-pulse widths of less than a
microsecond are easily displayed.
The width of the betatron beam
can be varied from less than a
microsecond to over 100 microsec-
onds. The injection pulse can be
displayed simultaneously on the
oscilloscope with the radiation
pulse, and the time between these
pulses, normally 1/720 sec, can be
measured.

Beam-Energy Control

The maximum energy of the
x-ray beam or the absolute energy
of the homogenous external elec-
tron beam can be varied from 2
to 24 mev. This is accomplished by
varying the maximum amplitude
of the magnetic-field intensity. The
internal electron beam is still ex-
panded against the target or into

the magnetic shunt, depending
upon whether an x-ray or electron
beam is desired, when the field is
at its maximum, The energy is
proportional to the value of this
maximum-field intensity at the
orbit.

Calorimetric Measurement

Although the output of the beta-
tron is continuously monitored with
a4 ion chamber, a further measure-
ment is necessary for absolute
calibration, This is accomplished
by totally absorbing the x-ray beam
in a thermally insulated absorbing
block. Under certain conditions the
total heat rise in this block is equal
to the total energy absorbed from
the beam.

The temperature rise in the ab-
sorbing block is measured with
thermistors. A thermistor in one
arm of a bridge circuit is mounted
in the beam-absorbing block and
a4 thermistor in a nonirradiated
block is used in an opposite arm.
Precision resistors are used in the
other arms of the bridge and the
unbalance of the bridge is amplified
by a chopper amplifier.

Water bath with ion chamber used for plotting isodose curves that indicate regicns
of like dosage produced by x-ray beam
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FIG. 5—Pulse monitor measures dura-
tion of radiation burst from betatron

:' o
tl)u_" 5] T ]
ag BONE..
S S MUSCLE. [0

w
WO | e Lo AR LTGELT s
NE) s
=2 1A Far >
950
Wi
T

o

|

%0501 02 05 10 2 5 1020 50100

= QUANTUM ENERGY IN MEV

FIG. 6—Absorption coefficients of body
tissues., At higher beam energies the
absorption values are about the same

Use of a chopper amplifier makes
it possible to utilize a-c amplifier
stability for a small d-¢ signal.
The output of this amplifier is
recorded on a strip-chart recorder.
1t is possible to measure tempera-
ture changes of the order of 10~
deg C with this calorimeter.

Automatic Isodosimetry

In conducting a cancer treatment
with the betatron it is important
for the doctor to know precisely
what dose he is giving the lesion
and any other irradiated portions
of the patient’s body. The absorp-
tion of radiation by the human

" body can be simulated very closely

by water or with wood having: a
unit density. A large water bath
used for dose measurements is
shown in the photograph. A small
ionization chamber is positioned
inside the water tank, usually
termed a water phantom, to meas-
ure ionization. An ion chamber is
located on the end of a rod aftached
to a preamplifier. The output of
the preamplifier goes to a d-c linear
amplifier in the control room. The
actual position of the small ion
chamber in the water phantom can
be controlled from the control room
by synchro motors, The betatron
output is measured by an ion cham-
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ber connecteq to another d-c¢ am-
plifier and the ratio of these two
ijon currents is measured by a
third amplifier. By making ratio
meagurements, fluctuations in the
output of the betatron do not affect
the measured dose distributions.
A scintillation erystal and multi-
plier phototube can be used al-
ternatively with the ion chamber
and preamplifier.

A servo loop to balance the out-
put of one amplifier against the
other is used to obtain the ratio.
By incorporating the position of
the small detecting ionization
chamber into the overall servo
loop, a balance is obtained for any
preset ratio. An isodose curve
representing the contours of the
region in which the dose is uni-
form, is obtained when the detector
chamber is scanned across the
x-ray beam. A complete set of iso-
dose curves can be obtained auto-
matically for a horizontal plane.
As shown in the illustration, wood
phantoms can also be used for de-
termination of the dose at any
desired point in a simulated human
body. The lungs are represented
with cork, and air passages are
present as in the normal body.
Films are also used as well as ion
chambers and scintillation crystals
in this phantom.

Medical Applications

Use of high energy betatron
X-rays in cancer therapy has the ad-
vantage of low skin dose. Great
penetration is also possible because
of the high energy of the x-rays,
making it possible to produce an
effective dose at great depths in the
body.

Maximum radiation dose is pro-
duced 3 to 5 cm below the skin of
the patient and side scatter is
negligible. At these energies the
beam is well defined permitting
effective localization of the dose.
As imdicated in Fig. 6, when high-
energy x-rays are used, bone does
not absorb any more per unit mass
than tissue. This consideration re-
moves a serious limitation present
in lower-voltage therapy.

In Fig. 7, top, the path of a high-
energy x-ray beam from the beta-
tron is shown on a film. This film
was mounted inside a block of
tissue-like material and exposed
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with the film parallel to the x-ray
beam. The film density is propor-
tional to radiation dose. The mini-
mum dose on the skin, the maxi-
mum at a depth of a few cm, the
lack of side scatter and the great
penetration are evident. These
factors make this type of beam
particularly applicable to deep-
seated lesions in the human body.

Absorption of Electrons

Absorption of electrons is quite
different from the absorption of
x-rays. In a substance of low atomic
number such as water or human tis-
sue, over 90 percent of the energy
of the electron will be absorbed by
ionization and excitation processes.

e
Hbandie

FIG. 7—The ex-ray beam, top, produces

a narrow beam of great penetration in

phanton body with minimum exposure

near the surface. High-energy electron

beam, bottom, has uniform exposure to a

definite, adjustable depth. Radiographs
not to scale

These processes occur with uniform
probability over most of the length
of the electron track. As a conse-
quence, the energy dissipated by
the electrons 1is fairly uniform
along the beam and terminates very
abruptly at a definite range. The
range of the electrons in tissue or
water is directly proportional to
the energy. An approximate rule
is that the electrons penetrate 1 cm
for every 2 mev of energy.

Figure 7 shows the density path
in a film exposed parallel to a
17-mev electron beam from the
betatron. There is a definite maxi-
mum depth of penetration propor-
tional to the incident energy. The
rate of decrease near the end of
the penetration is steep, so that

wwWWeamericanradiohistorz.com

healthy tissue at greater depths is
not exposed. The dose is uniform
from the surface to the end of
penetration, making the high-
energy electron beam applicable for
the treatment of lesions adjacent
to the body surface. The lesion will
be exposed uniformly, from the
skin to any desired depth, with
rapid decrease of radiation dose
immediately beyond the lesion.

Diagnostic Applicutions

High-energy x-rays also have
diagnostic applications. Low-en-
ergy x-rays are absorbed in bone
to a greater extent than in tissue.
This is advantageous in making
adiographs since the greater ab-
sorption in bone will cause the bone
to stand out sharply relative to
tissue. However, there are other
applications in which it is desired
that the contrast of bone not
be great relative to tissue. For
such applications, the high-energy
x-rays produced by the betatron
are advantageous.
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Microsecond Timer

Velocity of shock wave traveling down a concrete beam is measured by microsecond inter-

val timer during nondestructive elasticity test. Timer has one-microsecond accuracy

and is useful in a wide variety of timing applications

By J. H. J. FILTER

National Physical Laboratory

South African Council for Scientific and Industrial

LASTICITY of concrete beams

may be determined nonde-
structively by a microsecond-inter-
val timer used in conjunction with
two phonograph pickups. The
timer operates by measuring volt-
age across a capacitor charged
from a constant-current source
during the interval of interest.' It
has five ranges covering time in-
tervals from 50 to 5,000 microsec-
onds. Its accuracy, independent of
tube characteristics, is = one
microsecond or two percent
whichever is larger.

In a long thin beam K= (FE/d)%
where K = velocity of longitudinal
compression waves in the beam; E,
Young's modulus of elasticity; and
d, density of the material.

The instrument measures the
time taken for a longitudinal shock
wave, applied at one end of the
beam, to pass two phonograph pick-
ups placed a convenient and known
distance apart. Assuming d is
known, K and hence F can be cal-
culated. The instrument can also
be used for a large variety of other
timing applications.

Circuit Design

A block diagram of the system
is shown in Fig. 1. The amplified
pulses from the pickups actuate
switching circuits that start and
stop a constant charging current
through a capacitor. The voltage
across the capacitor is measured
and is proportional to the time
taken for the shock wave to pass the
pickups.

The circuit is shown in Fig. 2.
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Pretoria, South Africa

Pentode V, controls the current
through the timing capacitor, the
voltage across which is measured
by V..

Switching the current through a
pentode can be done by any one or
more of its three grids. However,
the current through V, is switched
by the control grid only; the magni-
tude of the current passed is regu-
lated by adjusting the screen volt-
age. This has the disadvantage
that the pentode cannot be com-
pletely cutoff as the screen is at a
positive potential.

The charging current must be
large so that the ratio of charging
to discharging or cutoff current is
large. Investigation of several pen-
todes showed that all types gave the
same order of cutoff current. A
type 6AG7 was chosen since it can
handle fairly large currents and,
because of its high transconduc-
tance, the bias voltage excursions
can be relativelv small. The plate

AMPLIFIER | | DIODE = SWITCH|
N TUBE
7
l
CURRENT
CONTROL TR
v
‘
| amPLIFIER || DioDE || SWITCH
‘ Va Ve v Ve

FIG. 1—Block diagram of test setup
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Research

current of the 6AG7 is constant for
fairly large variations in plate
voltage, thus providing a good con-
stant-current source.

For the vacuum-tube voltmeter
V. a differential amplifier was used
to give a linear voltage scale and
minimize the effect of changes in
tube constants and of power-supply
variations. Best results were ob-
tained when the meter was more or
less critically damped. Resistor R,
provides damping and is also used
as a fine-sensitivity control for one
particular range. The maximum
current that can flow through the
meter, when the left-hand grid of
V. is at zero potential, is limited
to approximately 700 microamperes,
thus protecting the meter against
overloads.

Switch S; connects various re-
sistors between the cathodes to
change the sensitivity, at the same
time selecting the capacitor for the
appropriate time scale. Electrical
zero is adjusted by R..

The switch circuit consists of two
flip-flops V, and V.. The circuit com-
ponents are so chosen that when
V.. and Vg are both cutoff the
voltage at the grid of V, is slightly
positive. The low grid-input resist-
ance for positive voltages minimizes
the effect of any changes in plate
voltage of V., and V., on the voltage
at the grid of V,, When either 17,
or V.. is conducting the resulting
voltage at the grid is approximately
—35 volts, cutting off V,.

When the RESET switch S, is in
position «a, resistances are con-
nected in series with the negative
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Checks Concrete Beams
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FIG. 2—Vacuum-tube voltmeter measures potential across capacitor charged from a constant-current source during interval of interest.

supply to the grids of V., and Vs,
and the two triodes conduct. At the
same time the capacitor is dis-
charged through R.. The flip-flops
remain reset when 8, is returned
to position b.

A negative pulse through V, cuts
off V.., the voltage at the grid of
V., rises to zero, and the capacitor
is charged through 1,. A negative
pulse through V, cuts off Vi, Ve
conducts and 1V, is cutoff. Positive
pulses and any subsequent negative
pulses cannot alter the state of the
flip-flops until they have been reset.
Neon indicators show the state of
the flip-flops, the circuit being re-
set when both neons glow.

Two-stage 6AG5 amplifiers with
high-frequency boost amplify the
signals from the pickups that have
to be so placed that a negative im-
pulse is obtained when the com-
pression wave arrives. The sensi-
tivity is varied by changing the
positive bias on the cathodes of
Vs and V, by R..

Various currents, such as: leak-
age through the capacitor, switches
and tube bases; cutoff current of

ELECTRONICS — October, 1953

Tube Vy is the switch tube in the stop channei

the pentode and grid current of the
vacuum-tube voltmeter charge or
discharge the capacitor. To reduce
leakage, high-quality components
were used. The vacuum-tube volt-
meter could have been so designed
that the grid current was either
positive or negative, as required to
balance all the currents for a cer-
tain potential at the plate of V..
This potential could then have been
chosen as the zero of the vacuum-
tube voltmeter. The potential was
found, however, to vary with varia-
tions both in pentode cutoff and in
vacuum-tube voltmeter grid cur-
rents due to changes in tube
temperature, heater voltage and
characteristics of different tubes,

Compensating Current

It was decided, therefore to bal-
ance the Jleakage currents by in-
jecting an adjustable compensating
current. As the leakage currents
were found to be more or less con-
stant with changes in potential at
the left-hand grid of V, the com-
pensating current had to be more

or less constant. To eliminate use

of a floating battery and to avoid
to some extent the disadvantages of
using a fixed voltage point, the
compensating current is injected
through a 100-megohm resistor
from a voltage tapped between the
plate and cathode of the vacuum-
tube voltmeter. As the cathode
follows to some extent the potential
at the grid, especially when the
cathode-to-cathode resistor is large,
the voltage across the 100-megohm
resistor tends to be more constant.
This gives better compensation over
the whole range, especially those
ranges where the voltage changes
at the left-hand grid have to be
large, and the meter does not re-
turn to zero as quickly as when in-
jecting current from a fixed voltage.

Range Constants

The values of the range constants
are obtained from the equation:
V =1 X t/C. Where: V = voltage
across capacitor for full scale de-
flection of vacuum tube voltmeter;
C, capacitance of capacitor; I,
charging current; and ¢, full-scale
time range. A capacitor charging
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current of only 20 milliamperes was
chosen due to limited power-supply
regulation. The range constants
were ehosen as shown below:

Full-Scale Capacitor  Voltmeter Sensitivity
Microsesognds Microft;rads Volts for 508 uA
5
200 0. 20
500 0.2 50
2,000 2.0 20
5,000 2.0 50

Smaller voltages for full-scale de-
flection made the meter sensitive to
plate-supply voltage and tube varia-
tions and use of larger voltages
caused errors due to changes in
charging current with plate voltage
of the pentode.

Calibration Technique

Calibration is by a variable volt-
age supply and voltmeter connected
across the grids of the vacuum-tube
voltmeter with the negative to the
left-hand grid. The range switch is
set to either 500 or 5,000 micro-
seconds. The voltage between the
grids is set to 50 and the meter
deflection to 500 microamperes with
the shunting resistor R.. The volt-
age is then adjusted to 20 volts for
the 200 or 2,000-microsecond ranges
and the meter again set to full-scale
deflection using R,. The process is
repeated for the 50-microsecond
scale with the voltage set to 5 and
adjusting R..

If the capacitance of the timing
capacitor is known, the exact value
of the integrating current neces-
sary to give the values in the table
can be calculated. In this case two
timing capacitors are used and thus
two values of charging current are
necessary.

The value of the calibrating re-
sistor R, is measured and the volt-
age drop across it calculated for the
respective charging currents. This
will be approximately 40 volts.
When switch S. is in position b
the flip-flops are switched so that
the bias on V, is zero. At the
same time the voltmeter is switched
to 50 volts full scale and R, is con-
nected between the vtvm grids.

The current is then set to the
desired value by adjusting the
screen voltage of V, until the volt-
meter is made to indicate the cal-
culated reading.

Switch S, automatically returns
to position @ when released and its
function is independent of the posi-
tion of the reset switch S,.
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Consider pentode V, to be a con-
stant-current generator giving a
current I and shunted with its plate
resistance R,. Let C be the capaci-
tor connected in parallel with R,
so that the pentode current charges
C. The current flowing through the
plate resistance I = V/R, where V
is the voltage across the capacitor.
The differential equation for the
voltage across the -capacitor is
dv = (1/C) (I — V/R,) dt. The
solution is V = IR, (1 — '/
IR, (l-e exponential — t/R,C).
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FIG. 3—Measured and calculated re-
sults show close agreement

Expanding the exponential term
as a series

IXt i

t
V=—C"U-3rc *erpc "

Errors

The greatest error will be intro-
duced for large values of V, that is
on the 50-volt ranges; R, was found
to be approximately 250,000 ohms
for the working range. Thus for
t = 500 microseconds, C = 0.2 pf;
or t = 5,000 usec, C = 2 pf; the
meter will read 0.5 percent low at
full scale. This was considered good
enough.

The current gain of the vacuum-
tube voltmeter is approximately
given by

__ Output current
grid-to-grid voltage

== ofi
I

(4 + 1) RiRe ]
2[R"+_2R,,+R,

where R, = plate resistance of
triode; R., cathode-to-ground re-

sistor; and R., cathode-to-cathode
resistor.

In the worst case, for the 50-
microsecond range (R. approxi-
mately 4,000 ohms, R, = 100,000
ohms), the gain changes approxi-
mately 2 percent for a 10-percent
variation in R, for a 6SN7. As each
range is adjusted at full scale,
variations in sensitivity do not in-
troduce a large absolute error for
less than full-scale deflection. For
the 20 and 50-volt ranges the
change for a 10-percent variation
in R, is 0.6 percent and 0.2 percent
respectively.

Tests

The instrument was tested by
checking it against a steel rod in
which the velocity of- sound had
been previously determined. Figure
3 shows an example of the results.
The curve is displaced to the right
of the ideal curve due to differences
between the pickups. If the pickups
are interchanged the curve lies to
the left of the ideal curve.

The energy of the impact has to
be fairly constant. An increase in
energy tends to move the curve
nearer to the theoretical curve. For
each sample a zero correction has
to be determined by taking readings
for at least two different distances
between the pickups. With these
precautions an accuracy of = 1 mi-
cro second or = 2 percent, which-
ever is the greater, can be obtained.

The instrument is fairly inde-
pendent of vacuum-tube charac-
teristics and can be easily and accu-
rately calibrated without the use of
pulses of known time interval. The
time scale is linear so that the scale
need not be specially graduated or
calibration charts used, and the
capacitor holds its charge long
enough for readings to be taken
accurately.
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Simulating Piano Tones
Electronically

All-electronic instrument uses phase-shift oscillators and distortion amplifiers to simulate

decay curve of piano notes. System duplicates three-siring tonal timbre and provides

controls for loud, soft and sustaining effects obtained from a standard piano

By LEON KATZ

New York, N. Y.

IMULATING the tone of a par-

ticular instrument is achieved
by producing a wave shape com-
parable to that instrument. This
can and has been done by innumer-
able electrical, mechanical or elec-
tronic means.

Since the piano is a percussion
and string instrument, it presents
several difficulties. For many of
the tones of the piano, three
strings are used; for others, two,
and for the very low notes, one
string is used. The purpose of the
multiple strings struck simultane-
ously by the same hammer is to

render a dramatic quality to the

sound through the production of
beats. An extremely slight detun-
ing of the two or three strings of
the same note will produce the
familiar throbbing sensation of the
tone due to the subjective produc-
tion of the beat frequency. This
is due to the nonlinearity of the
ear.

Although this is a subjective
sensation, it is of the utmost im-
portance in duplicating a true
piano sensation. Two additional
tone production systems must be
added intentionally to produce
slightly detuned signals. The three
separate signals of one tone are,
however, still combined by straight
addition, not by heterodyning.

The second additional difficulty
in reproducing a piano tone is in
matching its amplitude-time envel-
ope. Almost all stringed musical
instruments, including the piano,
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Chassis holds (left to right) keying tubes, distortion amplifiers, linear amplifier
and cathode follower, resistance adder and phase-shift oscillators

contain one or more large radiating
surfaces known as sound boards.
The energy of the vibrating string
is transmitted to the sound board
by a mechanical structure common
to the string and sound board
known as the bridge. It is the
sound board thus excited that radi-
ates most of the sound energy.

Tone Curve

The decay curve of a piano tone
depends on the absorption and
radiation characteristic of all com-
ponents. An idealized typical in-
tensity time curve for the piano is
shown in Fig. 1.

The ordinate is plotted to a
decibel scale to give a rough indica-
tion of the sound sensation and to
indicate the deviation from ex-
ponential response, which would

wwWWeamericanradiohistornv.com

show as a straight line on a log-
arithmic plot.

An all-electronic method of pro-
ducing a piano tone is shown in
block diagram form in Fig. 2. Any
audio frequency sine wave oscil-
lator may be used.

For any particular note, for ex-
ample 440 cps, the off-frequency
oscillators are best detuned by ear.
In general, detuning is a fraction
of a eps. The distortion amplifiers
used are overdriven amplifiers.
Since the piano tone contains both
even and odd harmonics, the dis-
tortion circuit should be propor-
tioned to destroy half-wave sym-
metry that might tend to exist
from symmetrical cutoff.

The standard piano is so de-
signed that the string is struck
near one end, about one seventh
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FIG. 1—Typical piano tone decay curve

to one ninth of the total length
from that end, so that the resultant
vibration is lacking only some of
the higher frequency components.

The adding circuit may be any
one of the many electronic adding
circuits used in analog computer
work, or addition may be done
directly at the input of the keying
circuit by means of a resistance
adding network.

The keying circuit itself prevents
a tone from being produced until
the key is depressed and then gives
the tone the proper amplitude-time
envelope after the key is depressed.

Keying

The keying circuit depends on
two properties of the pentode tube
when used as an ordinary amplifier.
First, within the limits of proper
design, the gain is given by the
well-known expression K = —g,.Z,.
Secondly, for pentodes the g, may
be considered a function only of
grid bias, provided all signal volt-
ages on the grids are small and
plate voltage variations are not too
large.

Thus for a pentode, variation of
the bias of one of the grids will
vary the gain; and therefore the
signal voltage output will vary for
fixed signal voltage input. This is
the familiar principle of automatic
volume control and the reactance-
tube f-m modulator.

The keying circuit (Fig, 3) and
the characteristic curves (Fig. 4)
aid in showing how these principles
are used in forming an intensity-
time envelope approximating that
of a piano. The note involved is
prevented from appearing at the
input of the linear amplifier by
means of the hold-off bias of the
keying tube (enough greater than
the cutoff value to prevent even
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the slightest conduction on the
positive peaks of the signal) in
spite of the continual appearance
of the tone voltage in the grid cir-
cuit of the keying tube.

When the key corresponding to
the tone is depressed, the capacitor
which has been maintained at a
steady d-c voltage somewhat below
the hold-off bias is connected
across the resistor in the grid cir-
cuit forming an RC discharge
circuit. This brings the bias sud-
denly from below cutoff to a value
only slightly negative, The dis-
charge of the capacitor allows the
bias to again approach the hold-off

value exponentially,

The variation of bias with time
will vary the ¢, of the tube and
therefore the intensity-time en-
velope of the output will vary also,
since ¥, = —¢.Z,E, (E, is small
compared to the hold-off bias).

Experimental adjustment of the
hold-off bias, the peak voltage to
which the C is charged, the RC
time constant of the keying circuit,
and the type and operating voltages
of the tube used all provide endless
variety to the amplitude-time
curves available. Although the
value of RC determines intensity-
time envelope, a quick recharge in
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readiness for rapid restriking of
the key dictates as large a value of
R and small value for C as the grid
circuit resistance limitations of the
tube permit.

Typical operating values found
to give fair simulation of the piano
tone were with two sine-wave oscil-
lators set at 440 cps feeding over-
driven amplifiers each putting a 1
volt rms signal into the grid circuit
of the keying tube, a hold-off bias
of 19 volts, a charging voltage of
16 volts; a charging capacitor of 1
of, and discharge resistor of 2.5
megohms (RC = 2.5 seconds).

The sudden lowering of keying
tube plate voltage due to the sud-
den application of the capacitor
voltage to the grid circuit of the
keying tube will produce momen-
tary grid blocking of the following
linear amplifier. This will be of
negligible duration, however, if the
time constant of the coupling cir-
cuit is made as short as possible
and yet long enough adequately to
couple the signal frequency into the
grid circuit of the linear amplifier.
These are not difficult conditions to
meet.

Complete Circuit

The complete piano would consist
of 88 combinations of oscillators,
distortion amplifiers, and keying
tubes, one set for each key. Only
one linear amplifier is necessary

9m

. Gm
Gm VS Eg, FOR fi

RESULTING AMPLITUDE -

PENTODE USED TIME CURVE OF QUTPUT
AS KEYING OF KEYING TUBE
TUBE J
= 5
EL, = Ecurore 7
ke EN.?L?N: Ecapacitor AT TIME OF
Ecr I DEPRESSING KEY

~-EXPONENTIAL DECAY OF
CAPACITOR VOLTAGE AFTER
DEPRESSING KEY AND
PUTTING CAPACITOR IN
GRID GIRCUIT OF KEYING
TugE

FIG. 4—Pentode characteristics in key-
ing tube circuit

since the signals from the separate
keying tubes are coupled to it by a
straight adding circuit. The addi-
tion eould also take place after one
stage of linear amplification for
each keying tube, acting as a buffer.

Dynamics could be handled in
either of two ways. The first would
he to control the gain of one of
the overall linear amplifiers by
varying its g, with a bias voltage
controlled by a pedal. The second
method, which would more nearly
approach the performance of the
pianc, would be to have the keying
capacitor charged to a voltage
which would depend upon the veloc-
ity of the key. This could be
effected by having the charging
voltage developed by electromag-
netic induction. Such an arrange-
ment would complicate the mechan-
ical and electrical design of the key,

but would produce dynamics which
would depend upon how each key is
struck, which is the way dynamics
are produced on the standard
piano.

The effect of the loud pedal could
be simulated by introducing a small
positive voltage in the grid circuit
of all the keyving tubes when the
loud pedal is depressed. This will
produce the almost constant back-
ground of sound characteristic of
the loud pedal of the piano.

The effect of the soft pedal would
require only a reduction of the gain
of the linear amplifier. The sos-
tenuto effect would be accomplished
by keeping the capacitor of any de-
pressed key connected across its
discharge resistor even after the
kev is released, provided the sos-
tenuto pedal is held in the de-
pressed position. The proper me-
chanical feel of the key or action,
as it is called, can be obtained by
providing the key with the mass,
elastance, and viscous damping that
the piano key has.
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circuit diagram for one key (=220 cps)
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TRANSISTORS: Theory and Application

n

Small-Signal

ST AR LR ARREL A ATT L SLORRRRRRERAE i1

Part VIII -

il

MALL-SIGNAL parameters are of

considerable importance in
specifying transistor operation.
Most of the parameters discussed
thus far in this series are based on
small-signal operation, and large
errors can result from neglect of
this qualifying phrase.

Power Gain

In Part VII of this series, equa-
tions were developed which express
the input and output resistance and
the voltage gain of point-contact
and junction transistors. Typical
numerical values were given to
serve as a general orientation with
regard to orders of magnitude (see
Table I). The power gain of an
electrical device is, obviously, an
important concept to the design
engineer and equations will be de-
veloped for computation of this
parameter of a transistor.

Figure 1 shows the familiar
circuit of a generator with voltage
e, and internal resistance R, sup-
plying a load whose resistance is

INDEX TO PREVIOUS
ARTICLES
IN THIS SERIES
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Part 1l, p 138, April 1953.
Part 111, p 162, May 1953.
Part 1V, p 164, June 1953.
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R,. The maximum power that can
be developed across R, for a given
generator may be found as follows:
Since

» el
E B Rﬂ + RL (I)

__ e,’*‘RL
P, = T, + Bt (2)

Differentiation with respect to R,
shows that the power delivered
across the load will be a maximum
if R, is equal to R,. Under these
conditions the maximum possible
power that can be drawn from

generator ¢, under any circum-
stances will be
e,?
Pr =, @

The power output of a grounded-
base transistor amplifier (Fig. 2)
is in general given by R, where
1, is

iy = —&{rs + ) @

[(Ra + 7y + Tu)(RL +ry + rC)
—r5(rs + )]

The power gain of the transistor
will then be given by the ratio of
'R, to P,, the maximum power
which may possibly be drawn from
the generator (generator internal
resistance exactly matched by in-
put resistance of the transistor). In
general, this will not be the case
and less power will be drawn from
the generator than is indicated by
Eq. 3. The power gain is given by
122R 4R LR,1:2
e/4R, - et ®)
The power gain so determined for
a given value of 7, and R, will be a
lower limit or a minimum value
since the power expression in the
denominator is the maximum pos-

PG =

7.
|
I
Rg I fe
E
|
eg |
!
\4
FIG. 1—Equivalent circuit illustrates

condition for maximum load power

sible under these conditions.

Substituting the value of 4, from
Eq. 4 into the expression for the
power gain in Eq. 5

4RLR,,(7'1, —|— r,,,)*
By +r1s + 1) (B 15 +70)
—ru(ry + 1)
This expression can be simplified
somewhat since 7, is small c¢om-
pared to 7, or r,, (see Table I) and
Eq. 6 becomes

PG =

(6)

AR R,rm?

PO = 1R, 7rtr) Rudrg —rrf 7

Typical Values

Using the typical values of the
parameters as given in Table I for
the point-contact transistor, a typi-
cal power gain is very nearly 100
representing 20 db whereas for the
junction type a typical power gain
is very nearly 440 representing 46
db.

Importance of Alpha

It is often desirable to know
power gain as a function of the
alpha of the circuit. Dividing num-
erator and denominator of Eq. 6
by (r. + n)*
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Transistor Operation

Different approaches to mathematical analysis of small-signal transistor operation are

explained in detail, along with listings of advantages and disadvantages of each. Power

gain and other important parameters are discussed

€g

Rg ] ™y P

FIG. 2—Equivalent circuit of grounded-base transistor from which design equations for
small-signal operation are devised

PG = MuBet

. R
(I{ﬂ+7-b+7.c"<l + (Tcﬁ'l,))

—rba):l-

Similarly, the power gain may be
expressed as a function of VG and
.

e 4R,a(VG) . (©)
(R +r.+ ’b)(l + r—;;";)
—rIa

Also, the expression for the VG
obtained in the previous article’
may be written as a function of «.

akz (10)
A R
(Ry + 7.+ Tb)(” +Lr, + 1)

= a0 §

VG =

Equations 8, 9 and 10 show why
alpha is one of the important para-
meters for evaluation and compari-
son of transistors. Also, the rela-
tion &« = —17./1. shows the further
usefulness of alpha as a comparison
number for current gain,

Grounded-Base Equations

In the previous article of this
series’, Eq. 11 and 12 were derived
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to express conditions in the
grounded-base transistor arrange-
ment.

Ry + 1o +718) +0ry — ¢, =0 (11)
Ulrs + 1m) + Ry +ro+10) =0 (12)

Ifin Eq. 117, + 7, = 7, and 7y
= 7, according to the definitions
laid down in the previous article’,
and v, = ¢, — 1, R,, which is the net
voltage acting at the transistor
terminals, Eq. 11 becomes

v = rut + sty (13)
In deriving Eq. 12 it was as-
sumed that there was no generator
voltage acting in loop 2 of Fig. 2.
If there were, Eq. 12 could be writ-
ten as
raty + 1R 4 2 = € (14)
where again r,, + 7, = 7, and 7,
+ 7, = 7w As before, if v, =
€,» — L.R., the net effective voltage
after the i.R, drop in Eq. 14 be-
comes

Vo = Tuly 4 Tals 15)

Small-Signal Parameters

Consider a dependent variable ¥
which varies with, or is a function
of an independent variable z.
Mathematically

y = y() (16)

Differentiating both sides with
respect to @

@

dy dr

Essentially, Eq. 17 is a tautology,

or self-evident identity, and does

not provide any particularly useful
information. But in the form

(7

dy dy(=) dx

dx (18)

=y dx
the equation states a very im-
poitant and useful fact. Equation

16 will, in general, avoiding special
curves, give a graph like in Fig. 3.

Equation 18 says that if, for a
given or selected change in z, say
of dx, it is desired to find the cor-
responding change in the value of
v, when y depends on z in the man-
ner shown in Fig. 3 and symbolized
in mathematics shorthand by Eg.
16, the slope of the curve at the
point in question is multiplied by
the given value of dx.

If v is a dependent variable
which varies with either or both of
two parameters, z and 2z, Eq. 16

Table I—Typical Transistor
Parameters

Param- Point
eter Contact Junction
r, 150 ohms 25 ohms
r» 120 ohms 500 ohms
Pm 35 kilohms  0.96 megohm
re 15 kilohms 1.0 megohm
R, 500 ohms 500 ohms
Ry 20 kilohms 100 kilohms
a 2.3 0.96
e, 0.01 volt 0.001 volt
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will then become

y = y(2,2) (19)

Since a change in y, dy, may now
be due to a change in either or both
of © and 2, an equation entirely
analogous to Eq. 17 would be Eq. 20

a %’;’-] dz+-‘%] dr (20)
-k -l

This is usually written

dy = %—] dr 001{ ] dz

The dimension of each term on
the right-hand side of Eq. 20 is dy,
since dz and dz cancel—at least di-
mensionally. This must be so for
any physically valid interpretation.
Also dy/dz, the first term right-
hand side, is not quite the same as
in Eq. 17 because the change in dy
is measured for a unit change in
dx, while z is kept constant. A
similar remark applies to dy/dz for
& = constant,

In general, V., the d-c emitter
voltage, will depend on the emitter
and collector currents or on the

operating point. Thus
Ve =V, 1) (21)
Applied to Eq. 19, y =~ V,, [. =~ z,

I. ~ z. The dependent variable is
voltage V, and the independent
variables are I, and I.. This shows
that the transistor is a current-
operated device and the currents
are the independent variables. In
transistor work the currents are
adjusted to the correct operating
point, and the voltages appearing
are then fixed by the current values.

To illustrate further the effect of
this concept in practice, the static
characteristics of transistors are
plotted, by common consent, with
current as abcissa and voltage as
ordinate, in keeping with the math-
ematical convention of plotting the
independent variable along the 2z
direction.

Analogous to Eq. 20, obtained
from 19, is Eq. 22 for Lq. 21.

dV, dV .
dVv, = I, ]h_k(ll, -+ (U,-] dl.

Te-k

(22)

The d-c collector voltage also de-
pends on emitter and collector cur-
rents, and

V. = Vol I.)
Again on differentiating

av. av.
d[’c = —7'] (II¢ -+ ] ur (24)
(lI( ok dlr e~k

(23)
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24 are ex-
transistor

Iquations 22 and
tremely important in
analysis,

Small Changes

A simple explanation of Eq. 24
might be based on an a-c voltage
and current wave as shown in Fig.
4, where the sinusoidal voltage
wave v = v,, sin ot where v, = dv.

In an interval ot = =/2, the
amplitude changes from 0 to dv,
and in the next interval of time
from dv to 0, so that, disregarding
the sign, the amplitude changes by
dv for each } cycle. In general, Eq.
22 and 24 apply properly if dv is
actually infinitesimal, or extremely
small, but in actual application a
practical value of dv may be used.

In Fig. 5 is shown a possible plot
of d-¢ values of voltage vs cur-

rent, say of the emitter voltage
V. and emitter current I, for a
transistor. Assuming the operat-
ing point of the transistor is at
V., 1./, if the emitter current is
modulated sinusoidally by a small
signal so that I, varies at most by
dl,, then I, will vary from I,” to I/
+ dlI., from I/ + dI, to 1/, from
1,/ to 1’ — dl,, and so forth. The
quantitative relation between the
change dI, in 1./ and the change dV,
in V,, assuming that V, depends on
I. alone, is

dV,

i

d e

as in Eq. 18.
Just as dy/dz = y’ is the slope of
the y = ¥ (x) curve, so dV./dl, is
the slope of the characteristic curve
of Fig. 5. (Note that dV./dI, has

‘the dimensions of a resistance, so

that in this case the slope is a re-
sistance, hence designated by R.)
The slope of the curve must be
taken virtually at a point if the
relation is to be true,

dV, = Rdl, 25)

Signal Limitations

If in using Eq. 25 the slope over
a large region is used the condition
shown in Fig. 6 oceurs. The slope
at point (V., 1.”) is actually S, as
shown, but using a large swing
about (V./, 1.”) gives a slope S,
which is in general not equal to S..
Thus, using a large distance about
the point in question to compute
the slope may introduce large
errors; thelarger the distance used,
the larger may be the error, partic-
ularly as the curve departs more
and more from a straight line. If
a sinusoidal current is used to
simulate dI,, it must be a very
small current or signal, or else
large errors may be introduced.

In view of these remarks, the
differential quantity dV, is repre-
sentable, for purposes of a labora-
tory experiment, by an a-c¢ voltage,
and dl, by an a-c current, provided
they are suitably small.

Regardless of whether V, is a
function of one or two variables,
the remarks about the size of the
signal are still valid.

Equations 22 and 24 may be writ-
ten (Eq. 26 and 27 respectively) in
terms of small a-¢c v’s and ¢s by
applying the foregoing principles.
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2 ’f] u+”.‘] i (26)
Io=k e [, =k

v, = -’i‘—] i a0 ] i (27)
e dr.=k te |, =k

There are several comments
which must be made about these
two equations: (1) Note the use of
small letters for a-c values, and
capitals for d-¢ values, in keeping
with the convention adopted by the
authors for this series, and which
is a proposed standard.

(2) Consider the I, = k, I, = k
factors of Eq. 26 and 27. If a
change dI is representable by a
small a-c current, 7 sin of, as has
been shown, of amplitude 4, then 0
change in d-c current, I, = k, or
I, = k, will be represented by an
a-¢ current of 0 amplitude. Using
this fact we may properly write
Eq. 26 and 27 as

v, — .
ot ] o0 ] 0
] z+”] i (29)
e li—0 te f,—0

(3) At i, = 0, v./i, is r, as de-
seribed in Part VII of this series.

2
ru z |
) =0

Using the definitions laid down
in Part VII

v ] =Tz
© 1. =0

= T

(29)

B, =

(30)

- =0

Hence Eq. 28 and 29 can be
rewritten
(31)
(32)

Equation 31 states that a poten-
tial v, iIs acting in a circuit and
produces the two potential drops
7, 1. and 7.,i. which together make
up v.. Similar remarks apply to
Eqg. 32. Replacing subscript e in
the emitter circuit by subscript 1,
and subscript ¢ by 2, Eq. 31 and 32
become

= rute + Tiole

= rut. + et

(33)
(34

Equations 13 and 15 are identical
to Eq. 38 and 34 respectively, but
were arrived at by entirely differ-
ent methods of reasoning. Equa-

v = ot + Tigte

'y Tt + Tagle
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tions 13 and 15 were obtained from
a circuit analysis using Kirchhoff’s
law for the voltage loops; Eq. 33
and 34 were derived on a mathe-
matical basis from the simple con-
cept that V, and V. are dependent
on both I, and I. in small-signal

operation.
As has been mentioned, the ulti-
mate fact mathematically ex-

pressed by these equations is that,
given all the other data, it is pos-
sible to find two numbers, 4, and 7.,
that satisfy these equations. The
fact that they happen to represent
a current, in milliamperes perhaps,
does not influence the mathematical
description of how to determine
these two numbers. Since Eq. 338
and 84 are linear equations (that
is, they contain no products like
i, X 1, or 1 raised to some power)
the delineation is unique; that is,
the equations will define only one
pair of values, 4, and 4, and no
other.

Consequently, whatever assump-
tions were made to find Eq. 33 and
34 are also binding on Eq. 13 and

(Ve',Te)-

Ve

FIG. 6—Sketch shows error in deter-
mining slope with large signal input
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FIG. 8—Equivalent pi circuit of transistor

15 because they represent the same
numbers,

Assumptions

First, from the discussion in
connection with Eq. 31 and 32, the
parameters are open-circuit values,
that is, 7. == 0, when measuring 7y
and 7. and ¢, = 0 when measuring
7. and r.. This condition has al-
ready been met for Eq. 13 and 15

Second, from the discussion in
connection with Eq. 26 and 27, the
parameters are measured using
ratios of a-c values. This condition
has also been met'.

Third, the symbol
that

convention

v = g — ’ilRﬂ

U3 = €5 — R,
assumed to obtain Eq. 13 and 15, is
binding on Eq. 33 and 34.

Last, and probably most im-
portant, from the discussion in con-
nection with Eq. 26 and 27, the use
of small signals is assumed. This
means that the four-pole param-
eters 7, 7., 7. and 7, are small-sig-
nal parameters.

In selecting an amplitude for the
measurement of the four-pole
parameters, several factors must
be considered.

If the signal is not truly small,
different signal amplitudes will
give different values of parameters.

In practice, a signal of seme con-
venient size is selected, and the
parameter, say 7., measured. Then
the signal is reduced slightly, and
the parameter measured again. If
the value of 7, obtained in the
second trial is close to the »,; orig-
inally obtained, within the accur-
acy desired, the signal is a small
signal and conversely.

It might appear that there is no
objection to using a very small
amplitude signal originally, so that
there is no question about the sig-
nal being small. If the V-I charac-
teristic is very curved, it is very
difficult to guess what constitutes
a truly small signal. The test sug-
gested ahove should therefore al-
ways be made. Too small a signal
introduces measuring problems
such as noise and the general diffi-
culty of measuring fractions of a
microvolt at a-c.

When feasible, the parameter
may be measured by the volt-am-
meter method tacitly assumed here,
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and the resulting value compared
to that obtained by using an en-
tirely different measuring scheme.
Other possible methods include the
bridge method, scope presentation,
and variations and combinations of
these. The results must compare
within the accuracy desired if the
signal is truly small.

Open Circuit

Let us now review in a general
way the data that has been assem-
bled regarding 7., 7, 7. and 7.
Because these parameters are so
important in the specification of
transistor characteristics, much ex-
perimental and theoretical work
has been done and is continuing re-
garding these and other suitable
parameters.

These parameters are called
small-signal open-circuit grounded-
base four-pole parameters. In this
and previous articles the terms
small-signal, grounded-base, and
four-pole parameters have been ex-
plained. To understand the open-
circuit term, consider Fig. 7 which
shows the circuit arrangement for
measurement of 7.

Both V, and V, are vacuum-tube
voltmeters, and R is a small resist-
ance of known value placed in the
signal generator return to measure
the current 7, = V,/R. Voltmeter
V. measures the voltage across the
input of the transistor, and r, =
V./i.. There is not a true open
circuit across the output or col-
lector circuit since whatever
scheme is used to bias the collector,
a d-c return path to the base is
essential, and thus a d-c path is al-
ways present to act as a closed cir-
cuit across the collector. The in-
ternal resistance of the d-c bias
supply may be made very high by
using a choke of several hundred
henries but not infinite. In most
tests f = 270 cps.

Also, there is an a-c shunting
path always present due to internal
transistor and stray capacitance.
The impedance of this shunting
path decreases as the frequency
increases.

A typical value of C. the col-
lector capacitance, is 50 yuf and a
typical circuit may have an addi-
tional stray capacitance of 10 uuf.
At 270 cps, X, = 9.8 megohms. If
7., were three megohms, at 270 cps
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FIG. 9—Sketches show connections for measuring g’s or short-circuit conductances

the 9.8 megohms would represent
a shunt path of some importance,
and it is not true that measure-
ments are being made under open-
circuit conditions.

Two principal approaches to this
problem have been adopted.

(1) The arbitrary convention
that the circuit is open if the shunt
resistance is fifty times the internal
transistor resistance. Thus when
measuring 7, and 7., where the
collector circuit must be open, the
shunt path shall be 50 X 7..; and
when measuring 7., or 7.. the shunt
path shall be 50 X 7.. QOr, where
feasible, the collector-to-base re-
sistance (or emitter-to-base resist-
ance) may be doubled. If the value
of the parameter measured remains
invariant within the accuracy de-
sired, the circuit is truly an open
circuit.

(2) Measurement of other
parameters such as the ¢’s and h’s
described below to characterize
transistor operation, whose meas-
urement does not require the use
of an open circuit across high im-
pedance elements. Then, if desired,
parameters such as the 7’s may be
derived mathematically from the
quantities measured. Or, the per-
formance of the transistor may be
expressed in terms of these new
parameters directly, it being as-
sumed that with experience engi-
neers will readily compare tran-
sistor performance in terms of
these parameters.

Conductances

It was mentioned that the equiv-
alent T as characterized by Eq. 13
and 15 is not the only equivalent
circuit for the specification of the

allegorical black box. The black
box or transistor is equally well
represented by an equivalent cir-
cuit which is a = network,” as in
Fig. 8 This circuit is analyzed by
means of Eq. 35 and 36 using con-
ductances.

T = guvi + gt (35)
s = gty + gaate (36)

Using Eq. 35 and 36 all the four
¢’s can be measured. For illustra-
tion, setting v. = 0, g, = ,/%, and
similarly one can find g., g and
923 see Fig. 9. These ¢g’s are some-
times called the short-circuit con-
ductances.

While it is true that resistances
and conductances are reciprocals,
the r, which appears in Eq. 13 is
not the reciprocal of g,,. In Eq. 13
ra was obtained using an open-
circuited collector, but g, is ob-
tained by using a short-circuited
collector. Hence, 7y is not 1/¢,, and
is, in fact, given by

O 37
gugee — Gagar

™m =

To obtain g., v, is set to 0. In
other words, the output is short
circuited. This does away with the
need for establishing an open cir-
cuit. Like any other good idea in
engineering, it has its drawbacks.
To find ¢,. the emitter circuit may
be shorted, making v, = 0, and so
on for all the other parameters.

The disadvantage of the g
method is that some point-contact
transistors may be short-cireuit
unstable. If the input or the out-
put is a-c short-circuited, the units
may break into parasitic oscilla-
tions. Fortunately, the applica-
bility of this method is greatest for
junction types, where this instabil-
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FIG. 10—Circuits for measuring h’s or hybrid transistor parameters

ity is not normally encountered.
The inference is that for point-con-
tact units, the »’s may be suitable,
and with junction units, the g¢’s
may be preferable.

Hybrid Parameters

Because the use of the g’s sug-
gests that two different parameters
are needed to take care of point-
contact and junction units, an en-
tirely different set has been sug-
gested.® These are the hybrid
parameters, or #'s, characterizing
the transistor by the following
equations

(38)
(39)

To find /4, the output is shorted,
(see Fig. 10) ». = 0, and

v = huty 4 Doty
iy = Aty + Roove

hy = 2 (40)
3

The r, of Eq. 13 was obtained
with open-circuited output, hence
hy, 1s not the same as 7, As
9. was obtained with v, = 0, ,, =
1/94, so that the g, of Eq. 85 is
the reciprocal of 4, in Eq. 35; and
since the reciprocal of a conduct-
ance is a resistance, /,, is of the
nature of a resistance, dimension-
ally.

To find 7., %, is made 0 by mak-
ing the input an open circuit, plac-
ing the generator in the collector
circuit, and measuring v, and v..
Then

U1

b = 2

vz (41)

As this is the ratio of two voltages,
hy. has no dimensions. A similar
analysis will show, for Eq. 39, that
h., = 1,/t, for a short-circuited
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collector. This is =x. by defini-
tion; h. = i./v. is conductance but
not identical with g., of Eq. 36 since
all the parameters of Eq. 36 are ob-
tained under short-circuit condi-
tions. Note that h. is obtained
under open-circuit conditions.

Thus the hybrid parameters con-
tain two pure numerics, A,. and A,
a resistance h,, and a conductance
h.. They possess, however, some
of the advantages of both the #’s
and the ¢’s:

(1) In the matter of avoiding the
necessity for maintaining an open
circuit in the high-resistance col-
lector, the i method shares the ad-
vantage of the g system in that 7,
and h., are made with collector
shorted.

In the matter of avoiding the
necessity for maintaining a short
circuit in the low-resistance emitter
circuit, the /& system shares the ad-
vantage of the » system, since both
. and h.. are made with emitter
open circuited. Since the input re-
sistance of some transistors may be
quite low, of the order of tens of
ohms, difficulties are encountered in
eftectively a-c short circuiting such
impedances. In the & system, the
input is open circuited for such
measurements (/2,, and A..).

{2) Measurements for alpha in
the ¢ and » methods are indirect.
In the » method, 7., and r. ave
found; their ratio is alpha = 7, /1.
In the ¢ method, alpha = ¢./gx;
but in the hybrid parameter
method, alpha = —/, directly.

The principal disadvantages of
the h’s is that they are not directly
amenable to circuit analysis.
Whereas most engineers are ac-
quainted with resistances and con-

ductances and use them readily in
circuit analysis, few are prepared
to use A’s directly. If transforma-
tions are necessary, and these are
quite cumbersome, the advantages
mentioned above may well be over-
shadowed. Engineers are cur-
rently studying the relative merits
of each set of parameters. The in-
dications are that considerable
additional experience is needed be-
fore a single set of parameters to
characterize transistors will be
generally adopted.

Resume

In resume, the following are the
salient points:

(1) Typical power gains that are
possible with the grounded-base
transistor connection are: point-
contact, 20 db; junction, 46 db.

(2) In transistor terminology
Tn, T, T» and r. are called small-
signal, grounded-base, open-circuit,
four-pole, equivalent-circuit param-
eters. Each part of the name has
significance.

(3) A test to determine whether
a signal is truly a small signal is
to measure the parameters using a
selected amplitude of signal, de-
crease the signal by approximately
50 percent and remeasure the
parameters. The measured values
must compare within the orders of
accuracy required.

(4) Either the r’s, or the ¢’s or
h’s mayv be used to characterize the
transistor equivalent circuit. Con-
siderations such as common usage,
short-circuit stability, and effective
open and short circuit are involved
in selecting the parameters for a
given analysis.
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Signal-Noise Meter
Checks TV Links

Noise ratio of studio-transmitter microwave links, intraplant coaxial cables and other

broadcasting equipment are determined with a single portable meter. Techniques and

equipment applied to propagation studies on 7-kmc relay paths are applicable to broad-

NCREASED USE of television pro-

gram networks and improvement
of transmission standards has cre-
ated a need for a simple device for
testing and maintenance of circuits.
A signal-noise meter described be-
low was used originally to align,
test and maintain the NBC Phila-
delphta-to-Washington microwave
relay. The technique depends upon
using test tones in the region be-
tween 60 and 300 cycles and a
noise amplifier with cutoff below
1,000 cycles. It can be employed to
measure the signal-to-noise ratio
of single or cascaded links. Noise
measurements of coaxial cable
lines within the television plant can
likewise be made.

This meter measures the peak-
to-peak signal to the peak-to-
peak noise ratio in db. The
signal-noise ratios measured be-
tween microwave facilities are
usually about 10 db less than free-
space calculations made on a power
basis, that is, signal watts to noise
watts. It should be noted that noise
.can be other than the thermal noise
originating in the head-end of a
teceiver. For example, it could be
interference from an f-m station
introduced into the i-f amplifier of
the receiver.

The noise on long runs of coaxial
cable within a tv plant can also be
measured using this equipment.
Usually these cables are a few
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hundred to a thousand feet long.
The noise is of random nature and
therefore a cro is ‘used to measure
the noise output of the amplifier.
It is not necessary to use a 60-to-
300 cycle test signal in this case.
The noise is amplified to a one-volt
level and the amplification re-
quired in db is the signal-noise
ratio, since 1 volt peak-to-peak is
standard picture level,

Elements of System

The block diagram of the signal-
noise meter is shown in Fig. 1. The
meter comprises a 60-db video at-
tenuator that can be adjusted in
2-db steps, a 1-kc to 10-mc ampli-

INPUT ATTENUATOR| | AMPLIFIER|OUTPUT|
0 TO 60DB 1KC TO 1OMC
_ SIGNAL  NOISE
ISMG SIME N(@I@!Hﬂ” ~SIGNAL
CALIBRATING
OSCILLATOR | SOTOSCOCPS | =7~
PEAK-TO-PEAK
VTVM
MATCH S:N

FIG. 1—Block diagram of signal-to-noise
measurement meter used for tv

WWW-americanradiohistorv.com

fier having a maximum gain of 60
db, a peak-to-peak vacuum-tube
voltmeter and a 1-mc calibrating
oscillator. The cathode and grid RC
time constants of the amplifier
were selected so that the amplifier
has a cutoff below 1,000 cycles.

The schematic diagram of this
test instrument is shown in Fig. 2.
Filaments and plate wiring have
been isolated by means of suitable
filters. The plate supply with total
drain of about 60. ma is regulated
by means of a type VR-150. It is
important that there be no feed-
back between the NOISE and SIGNAL
sides of the switch to avoid oscilla-
tion.

Measurement Procedure

The meter can be calibrated in
the following manner: arbitrarily
set the attenuators for 50-db atten-
uation, turn on the 1-mc calibrating
oscillator and read the level of the
1-me calibrating signal on the vtvm
with switch on SIGNAL; connect the
vtvm to the output of the ampli-
fier, switch on NOISE, and adjust the
gain of the amplifier until the 1-me
signal level is the same as it was
out of the oscillator. Note that the
peak-to-peak vtvm is not calibrated
in volts but is used to match the
readings, The instrument is now
calibrated and the 1-mec calibrating
oscillator can be turned off,

The following procedure is used
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FIG. 2—Schematic diagram of portable meter used in lining up NBC microwave tv links

in making a signal-noise measure-
ment on a studio-transmitter type
microwave relay. Modulate the
transmitter with an audio oscillator
using a sine wave somewhere in the
frequency range between 60 and
300 cycles and having the same
peak-to-peak amplitude as the
normal composite picture signal.
The output signal from the micro-
wave receiver is fed to the input
of the signal-noise meter. Switch
the vtvm to SIGNAL and note the
scale reading. Now switch the vtvm
to NOISE and then decrease the at-
tentuators until the readings are the
same within 1 db. The value in
db removed from the attenuators is
the signal-noise ratio in db. For
example, if the attenuators were
decreased from 50 db to 20 db, then
the ratio is 30 dh.

Field Measurements

Many measurements have been
made during the last five years on
television microwave relays in both
the 2,000 and 7,000-mec¢ bands. A
plot of miles vs signal-to-noise
rutio in db for 7,000-mc equipment
is shown in Fig. 3. An arbitrary
line has been drawn to average the
individual measurements. A good
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example of a relay path under dif-
ferent conditions of both trans-
mission propagation and equipment
is shown by the two dots plotted at
31 miles; there is a 6-db difference
in the signal-noise ratios.

A Dbench test of microwave
equipment, using an attenuating
coupler that approximates 10 miles
of transmission, is likewise plotted.
Various equipments and attenua-
tors were used in this example. It
will be noted that there is a good
6-db spread between the various
measurements. Both the outpul
power of the transmitter and the
noise factor of the receiver, beside
variations in the attenuators,
would account for the discrepancy.

Tl “uswe ATTENUAT-|
1 ING COUPLER —
(APPROX 10 MILES)
R e

0 }BENCH TEST 1]

ro
o
|
1
T

i 2 5 0 20 50
DISTANCE IN MILES

[ SIGNAL-NOISE RATIO IN DB

FIG. 3—Comparison of bench and field
tests of 7-kmc equipment using 4-ft
parabolic reflectors and about 0.1 watt

An attenuating coupler that has
a known transmission-path attenua-
tion in db or miles can be used to
check transmitter and receiver.
The transmitter and receiver are
aligned and tuned using a sine-
wave test signal and also a com-
posite resolution test pattern.
Modulation should be at the same
peak-to-peak level with a 60 to 300-
cycle sine wave.

Improvements

If the measured signal-noise
ratio is below that expected,
various portions of the system can
be checked. The crystal in the head
end of the receiver should be
changed, and also the first and
second tubes following the micro-
wave converter, likewise the output
klystron of the transmitter.

The transmission path is checked
next. It is assumed that this relay
path provides line-of-sight trans-
mission. The parabolic reflector
dishes should be panned in using
the signal-noise meter for de-
termining minimum noise. The
signal should also be observed on
a cro. This method is more accurate
than using carrier meter on micro-
wave receiver for checking signal.
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Tiny dielectric amplifier capacitors be-

before mounting

with leads for
where sealing is unnecessary

Dielector applications

Complete hermetically sealed unit is
shown at roughly half normal size

Nonlinear Capacitors for

400
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o
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FIG. 1-—Curves show incremental ca-
pacitance as a function of voltage for
several typical dielectors
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FIG. 2—Typical application for non-
linear capacitors is modulator circuit
166

By GEORGE S. SHAW and JAMES L. JENKINS

Radiation, Incorporated
Melbourne, Florida

LTHOUGH somewhat over-
Ashadowed in recent years by
transistor developments, the di-
electric amplifier still promises to
be an important factor in the elec-
tronics industry of the future. Ex-
tremely versatile dielectric ampli-
fiers have been built, but their oper-
ation is presently limited to en-
vironments of carefully-controlled
conditions,

Continuing research for new and
better materials for use in dielec-
tric amplifiers is showing profitable
results day by day.

Incremental capacitance is
plotted as a function of d-c voltage
applied to several typical dielectors
in Fig. 1. Such information pro-

vides certain useful criteria for de-
signing amplifiers and other circui-
try. The linearity of this type of
curve is a measure of linearity of
the output signal of the amplifier,
The gain of a dielectric amplifier is
proportional to the slope of this
curve which can be evaluated by

o 20—
defining 5 as E—E;) (Ci+C2)
which is the mean fractional

change in capacitance per unit
change in bias voltage in the inter-
val between E, and E..

For certain compositions, values
of 3 of 0.08 have been obtained,
with values as large as 0.1 being
realized under special conditions.
These bodies should by no means be

R-F INPUT

R-F INPUT

| Ig
QUTPUT

FIG. 3—Circuit of small broadcast receiver using dielectric amplifiers at r-4 and a-f
frequencies

wWWW.americanradiohistorv:com
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Two dielectors are installed in temperature-controlled

oven that maintains 90 deg C

Laboratory model of two-stage audio amplifier that gives 300 mw output,
The r-f power source is shown at center

Dielectric Amplifiers

Using an r-f power source, a typical two-stage dielectric amplifier produces 300 milliwatts

output from a 0.3 milliwatt signal source.

Although still vulnerable to atmospheric

conditions, progress is being made in developing new materials

considered as optimum since there
is a great deal of research work yet
to be done hefore the mechanism of
voltage sensitivity will be fully
understood and controllable.

At the present time, all of the
dielectrics known to be appreciably
voltage sensitive have dielectric
constants in the order of 2,000 to
6,000. Dielectors suitable for cir-
cuit applications at the higher fre-
quencies and with small signal volt-
ages must have small capacitance
values and must be made from thin
dielectrics so that the signal volt-
age gradient will be adequate.

This immediately presents a
problem since a capacitor having a
value of 100 puf with a dielectric
material 0.005 in. thick, and having
a dielectric constant of 4,000 would
be approximately 0.0236 inch
square, or less than 1/32 inch on
each side. This is small indeed and
presents serious problems in manu-
facture and mounting. Neverthe-
less dielectors are currently being
produced with a dielectric thick-
ness as small as 0.005 in. and with
zero-voltage capacitances as low as
100 upf.

At the present time, the voltage

ELECTRONICS — October, 1953

sensitivity of the commercial dielec-
tric amplifier capacitors shown in
the photographs, varies somewhat
with temperature. For operation
in circuits where the sensitivity
must be constant, the units may be
operated in a small temperature-
controlled oven as shown.

Circuit Application

Usable amplification is obtain-
able from dielectors in several
ways. An example is shown in Fig.
2A, representing a typical arrange-
ment for a modulator-amplifier. A
qualitative explanation of the cir-
cuit can best be given by consider-
ing Fig. 2B.

A value of capacitance is chosen
such that an operating point is
established on one side of the reso-
nance curve. If the capacitance is
varied by some means, such as a
small signal voltage applied to a
dielector, the voltage F will vary.
Thus there is produced an ampli-
tude-modulated r-f voltage which
can be demodulated to recover the
amplified signal. No energy is re-
quired from the signal except to re-
plenish the small capacitor losses
since all the energy supplied to the

load as an amplified signal comes
from the r-f carrier supply. It is
evident that the higher the Q of the
circuit, the greater will be the
change in voltage E for a small
change in capacitance.

Figure 3 is a diagram of a two-
stage audio-frequency dielectric
amplifier which has been built that
has an overall power gain of 30 dh.

. The input signal power is 0.3 milli-

watt and the power output is 300
milliwatts.

As a nonlinear circuit element
the dielector has possible applica-
tions other than in amplifiers; the

more obvious being in multi-
vibrators, memory and storage de-
vices, frequency and amplitude

modulators, and electrically-adjust-
able filters.

Appreciation is expressed to L. R.
Culver of Radiation, Inc. for his
suggestions and assistance, and to
Josephine LeGault for the exhaus-
tive experimental work entailed.
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Electron-Beam Head for

Standard magnetic tape run over neck of special miniature cathode-ray tube causes

electron beam to deflect between two collecting plates alternately at the recorded audio

rate, so that current output of tube is linearly proportional to magnetization on tape

Bench setup used in obtaining performance characteristics of new tape playback

head, just visible inside triple-shielded housing from which cover has been re-

moved. Magnetic fields as weak as one-hundredth of the earth’s magnetic field
will give an output voltage, hence the need for magnetic shielding

INCE THE TIME of Poulson’s in-
S vention' of magnetic record-
ing ever 50 years ago only one prin-
ciple of reproduction has been em-
ployed. This is the generation of
a varying electric current in a coil
by the variations of magnetic flux
from the tape,

A disadvantage of this kind of
reproduction lies in the fact that
the output signal is proportional to
the rate of change of the flux in the
tape rather than to the instanta-
neous values. The resulting fre-
quency characteristic increases
from zero linearly until limited by
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the gap size.” Since flux here is di-
rectly proportional to the input sig-
nal, the output from a conventional
head is not a true reproduction of
what was recorded. Equalizing net-
works must be incorporated in the
reproducing circuits to restore the
balance between low and high fre-
quencies so the reproduction will
sound like the recorded signal.

Beam-Type Head
In the new pickup head® deseribed
herein, the magnetic flux in the
tape is guided by a magnetic strue-
ture into a tiny cathode-ray tube

WWW-americanradiohistorv com

where it deflects the electron beam
in proportion to the instantaneous
magnitude of the flux. The mag-
nitude of the output signal is inde-
pendent of the recorded frequency
and of the speed of the tape. In
fact, if the tape is moved very
slowly or even stopped altogether
the amplitude of the output signal
is not decreased. The tube also acts
as a deflection type of amplifier,
giving output voltages many times
those from conventional heads.

Figure 1A shows a sectional view
of the new type of reproducing
head, with the old type shown in
Fig. 1B for comparison. The new
head has a conventional gap in con-
tact with the tape, and a magnetic
core structure which guides the flux
through the glass walls of the tube.
The internal magnetic pole pieces
carry the flux into the deflecting
region where it produces a mag-
netic field that deflects the electron
beam.

Figure 1C shows a cutaway view
of the tube. The miniaturized elec-
tron gun at the left sends a beam of
electrons between the pole pieces
toward the split target. The de-
flection of the electrons is at right
angles to the flux and hence parallel
to the pole faces. This property of
magnetic deflection is advantageous
in increasing the sensitivity since
the nole pieces never get in the way
of the deflected beam. The role
pieces are thin moly-permalloy and
the other metal parts of the tube
are nonmagnetic stainless steel.

Figure 2 shows the basic cireuit
connections. The small plate located
iust behind the slit between the
target plates is grounded to repel
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Magnetic Tape Playback

By A. MELVIN SKELLETT,

National Union Radio Corp.
Orange, N. .J.

those electrons that pass through
the slit and thus reduces the effec-
tive slit width. For zero flux and
zero deflection the beam is equally
split between the output plates of
the target, giving zero output volt-
age across the 100,000-ohm load

Tube structure and bulb before sealing

LAWRENCE E. LEVERIDGE

National Union Radio Corp.
Orange, N. J.

resistors. In operation the beam
swings back and forth between the
two plates depending on whether
the flux is negative or positive.
When the beam is deflected the
target currents are no longer equal
and hence a net output voltage is

e

o &

/

J. WARREN GRATIAN

Stromberg-Carlson Co.
Rochester, N. Y

and

developed across the two load re-
sistors.

The output characteristic in Fig.
3 shows output voltage measured
across the output plates for dif-
ferent values of flux in the beam-
gap. The characteristic

is linear

Miniature cathode-ray tube after sealing
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FIG. 1 Cross-sections of new and conventional magnetic tape playback heads, and cutaway view of cathode-ray tube used in new head
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over a range of = 1 gauss. This
range is about 50 times greater
than the maximum flux variation
from standard 4-inch magnetic tape
when used with the complete head
under typical operating conditions.

Magnetic Structure

The magnetic head structure
design of Fig. 1A was abandoned
early in the work, in favor of the
strip-type magnetic structure
shown in Fig. 4. The magnetic gap
caused by the deflecting region in
the tube introduces a very high
reluctance, making the reluctance
of the elements in the magnetic
circuit negligible in comparison
with the beam-gap reluctance. The
magnetic elements may therefore
be reduced to the smallest practical
dimensions without appreciable loss
of flux. A single lamination of Mu
metal 0.014 inch thick proved to be
adequate.

The strip-type structure is as-
sembled by using Hysol thermo-
setting casting resin, which has
good adhesion to the metal and is
easy to handle. A molybdenum
spacer 0.0003 inch thick controls
the pickup gap. The wings of the
head extend out in the direction
of the tape to increase the effective
length of the magnetic core, and
also act to extend and flatten the
low-frequency response of the

-

Complete head, with cathode ray tube in position. Tape runs over
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FIG. 2—Cathode-ray tube circuit
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FIG. 3—Output characteristic of new
electron-beam playback head

pickup, for improved performance.

Sensitivity

To determine the flux density at
the electron beam, a calibrated
vibrating probe was used to
measure the flux density in the gap
between a pair of dummy pole
pieces mounted in proper relation
to the external magnetic structure.
With a saturated tape recording,
a field intensity of approximately
0.04 gauss was available for de-

flection of the electron beam.

Reluctances and leakage factors
of the various portions of the mag-
netic circuit were determined by
additional measurements and cal-
culations, Using these values, it
was shown that the total flux in the
beam gap should approximate 8
percent of that available from the
recording. The cross-section area
of the magnetic tape coating was
approximately 1/1,200 that of the
beam gap. A saturated recording
on a typical tape having a reten-
tivity of 600 gausses should pro-
vide a beam-gap flux density of 600
x 0.08 x 1/1,200 = 0.04 gauss,
which is in agreement with the
earlier measurements.

Tube sensitivity was deter-
mined by measuring the tube
voltage output with a known

applied magnetomotive force. The
beam-gap flux density was cal-
culated from the known mmf
and previously determined mag-
netic circuit parameters, thus per-
mitting the tube sensitivity to
be expressed in terms of tube volt-
age output per gauss of beam-gap
flux density. With the sensitivity of
the tube equal to 15 volts per gauss
and a beam-gap flux density of 0.04
gauss, a maximum output voltage
of 0.6 volt peak plate-to-plate was
expected. Tests with recordings on
tape confirmed these figures within

—....CAST
HOUSING

=—-NON MAGNETIC
SPACER

&

WING--

+~MAGNETIC

TIE BOLT \ELEMENT

smoothly curved wings of core
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FIG. 4-—Components and assembly of experimental winged core
used with new head
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experimental error.

These figures indicate the high
sensitivity of the cathode-ray tube.
It will give satisfactory output
voltages on field strengths from
one-tenth to one-hundredth the
strength of the earth’s magnetic
field.

Frequency Characteristics

Curve A of Fig. 5 gives the fre-
quency response of the new head
without any equalization. Curve B,
shown for comparison, is the fre-
quency characteristic of a conven-
tional pickup head, also without
equalization. It should be noted
that the scales are quite different
for curves 4 and B. For example,
the maximum output obtained by
the conventional head is only 10
millivolts, whereas the level of most
of the frequency range of the new
head is about 0.2 volt. These
curves were taken with conven-
tional longitudinal recordings, and
demonstrate the superior low-
frequency performance of the new
head.

At the upper-frequency end of
the curves the deterioration in out-
put is caused by the so-called gap
effect which comes about because
the gap itself is comparable in
length with the wavelength of the
recorded pattern. The curves show
that this effect is more serious with
the new type of head. The reason
is that the steeply ascending curve
of the conventional head partly
compensates for this gap effect,
whereas the flat characteristic of
the new head has no compensating
feature.

Calculation indicates that a
simple single-section R-C equalizing
network used in conjunection with
the new head will modify the
characteristic to curve C. A two
section R-C filter will give an even
better effect, as shown by curve D.

Magnetization Pattern on Tape

All of the discussion given above
was based upon conventional longi-
tudinal recording on the tape. For
very low frequencies, correspond-
ing to long wavelengths in the
tape, this is not the optimum type
of recording pattern. For the long
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FIG. 5—Frequency response curves for cathode-ray and conventional heads

wavelength the gap has access only
to the leakage flux near the center
of the elementary magnet; there-
fore, as the head is moved slowly
over a long recording, such as for
a square wave, the response will be
a maximum at the ends and a
minimum at the center of the
square pulse.

Either perpendicular or trans-
verse magnetization would be
more suitable, but both of these
suffer at the high-frequency end.
The work to date has been re-
stricted in general to longitudinal
recording sinece the overall re-
sponse was more important than
the low-frequency end of the
spectrum,

Applications

Work is being carried on, how-
ever, on perpendicular recording in-
volving magnetization through the
tape. Indications are that this may
be made to give much superior re-
sults at the low-frequency end
without too great a loss at the
high-frequency end of the spec-
trum.

This new type of head offers ad-
vantages over conventional heads
in a number of uses. In spite of the
excellent results obtained with well-
equalized conventional recording of
musie, it is believed that ultimately
the quality obtained with the new
head will surpass that possible

with conventional types.

There are certain commercial
and military applications where it
is desirable to record very low
frequencies, d-c levels or pulses
without distortion. For these the
new head is ideally suited, whereas
the old type will not perform
adequately without congiderable
complexity of the apparatus, such
as the dithering head and the use
of frequency modulation for d-c
recording,

The inherent amplification of the
tube and the cheaper equalization
circuits required by the new head
give rise to the hope that a simpler,
cheaper magnetic tape recorder
may be possible. This would
further popularize and widen the
field of magnetic tape recording.

This development has been
sponsored by the Bureau of Ships
of the United States Navy under
Contract NObsr-57452. The tube
has been under development at
National Union Radio Corp. and
the magnetic head structure at
Stromberg-Carlson Co. This paper
was presented at a meeting of the
Institute of Radio Engineers in San
Antonio, Texas on Feb. 7, 1953.
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Fluoroscope Image
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FIG. 1—Cross-section of image-amplifier tube, showing method

of brightening x-ray image

HE ELECTRONIC fluoroscope is

a device designed to replace
the conventional medical fluoro-
scopic screen on which the physi-
cian sees the x-ray shadowgraph of
the patient. It presents the x-ray
image in the same size but in-
creased in brightness by a factor
of 200.

For a standard abdomen ex-
amination the best fluoroscopic
resolution is about 20 lines per
inch, obtained after several
minutes of dark adaptation by the
physician. The brightness ampli-
fication of the electronic fluoroscope
doubles this, yielding 40 lines per
inch without long dark adaptation.

Operating Principle

The heart of the new device is
the latge image tube shown in the
photograph and Fig. 1. X-rays
pass through the patient and
through the glass window of the
tube, to strike the input fluorescent
sereen, similar to a conventional
fluoroscopic screen. The resulting
light from the screen releases
photoelectrons from a photosurface
deposited on the back of the screen.
Amplification is accomplished by
accelerating the photoelectrons
through a 30-kv potential differ-
ence. The accelerated electrons
strike an output fluorescent screen,
releasing more light than was re-
leased from the input screen by
x-rays, The brightened output im-
age on the other side of this screen
is viewed through a system of
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optical lenses and mirrors.

By present manufacturing speci-
fications the total brightness ampli-
fication of the x-ray image tube is
200. However, true amplification
by voltage acceleration accom-
plishes only about 10 of this ampli-
fication. The remaining factor of
20 is obtained by geometrical size
reduction of the image. An elec-
trostatic electron-optical system is
used to form an output image re-
duced in size relative to the input
image by a factor of about 4.5 in
diameter, or 20 in area. Bright-
ness, or emerging light flux per
area, 1is thereby increased by a
factor of 20. Light from the out-
put screen emerges diffused into
all forward directions.

The 20-fold increase in brightness
is not lost when the image is magni-
fied back to size in the light-optiecal
system. The eye is effectively
brought very close to the image at
the output screen by a lens intro-
duced to accommodate the focus of
the eye. Brightness remains un-
changed, for the increased magni-
fication is exactly balanced by the
increased solid angle of light inter-
cepted by the pupil as the eye is
brought closer. This action holds
for any magnifier system having
an exit aperture larger than the
pupil of the eye.

Focusing Lenses

The main electron-optical lens of
the image tube is an eighth-inch gap
between electrodes across which

WWW._americanradiohistorv-com

Closeup of amplifier tube.
tube through lens system

Image is viewed on screen in neck of

most of a 30-kv potential difference
is applied. A partially satisfactory
image can be obtained using only
this main lens, but the resolution is
good only at the center. The sys-
tem of weak auxiliary electron
lenses corrects the image for good
resolution over its full diameter.

Screens

The input x-ray phosphor must
have high efficiency and its light
must be spectrally matched to the
photosurface. Phosphors in the
zine sulfide and zinc cadmium sul-
fide family have given the best
results.

The intermediate photosurface
uses blue-sensitive cesium anti-
mony which has a high threshold
energy for escape of any large
number of thermal electrons at
room temperature. As a result,
the output image shows no detect-
able background glow due to
thermally emitted electrons, vet
the threshold energy is not so high
as to involve photoelectron velo-
cities great enough to cause diffi-
culty in focusing.

For the output electron phosphor,
zine cadmium sulfide was chosen
because of high efficiency and be-
cause its yellow-green spectral out-
put matches the response of the
eye. This screen is aluminum-
backed to increase forward light
vield and prevent feedback of light.

The electron-optical demagnifica-
tion ratio was determined from an
estimate of the maximum magnifi-
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Amplifying Tube

New tube converts x-ray image into photoelectron stream for intensification by 30-kv

electron lenses. Resulting image on aluminum-backed output screen appears 200 times

brighter than standard fluoroscope when viewed at original size through magnifiying

cation which could be expected from
a satisfactory light-optical system.

Amplification in the image tube
brought out a defect of phosphor-
escence in the input phosphor which
was not anticipated. The zinc sul-
fide was shown to have a composite
phosphorescence, with several dif-
ferent decay constants, It was
found that persistence gradually
builds up due to low-intensity com-
ponents with very long decay con-
stants. As successive patients
were examined, the output image
was 80 obscured by a general back-
ground glow that the tube became
useless until the next day. The
brightness of this persistence glow
was too low to be seen directly at
the blue-emitting screen itself, but
it was brought out by the amplifi-
cation of the tube. The defect was
first corrected by the use of in-

optical system

By FITZ-HUGH MARSHALL

Research Depariment
Westinghouse Electric Corp.
East Pittsburgh, Pa.

frared light for quenching between
exposures, but recent improvements
in the cathode composition has re-
duced the persistence to satisfac-
tory levels.

Amplification
Another problem encountered
during development work con-

cerned the difficulty of measuring
the amplification of the tube. The
conventional screen emits light on
the green side of yellow-green, for
best response of the dark-adapted
eve. The output light of the elec-
tronic fluoroscope is on the yellow
side of yellow-green, matching the
unadapted eye.

Comparison photometry must be

Image amplifier tube and optical system in housing over patient take the place

of a reqular fluoroscope screen. The X-ray tube is here located under the table.

Intensified image, magnified by optical system at top of housing is viewed in
mirror of Fluorex machine
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done at some one brightness, but
visual amplification varies with
brightness level. With some spec-
tral combinations amplification at
high brightness has probably been
as much as double the value at low
brightness, However, apparent
amplification also seems to vary
with such observer factors as time
in the dark, recent hours in bright
sunlight and tendency to look off-
center to bring in parafoveal vision,
all of which influence the effective
degree of observer dark adaptation.

Amplification also varies with
quality of the radiation, as influ-
enced by x-ray voltage and equiv-
alent patient thickness. To avoid
confusion, an arbitrary specifica-
tion of conditions for amplification
measurement has been adopted.
The actual comparison measure-
ments are now made by phototube.

A value of 500 was originally
suggested as a reasonable practical
amplification limit.! Actually, this
amplification has been exceeded in
some tubes under some conditions.

Tn the meantime, the Patterson B
conventional fluoroscope screen has
been superseded by the brighter
Patterson B-2 screen, changing the
comparison standard. Relative to
the old standard, the present speci-
fled amplification of 200 would be
nearer 300. The remaining differ-
ence represents an effort to be con-
servative, both in avoiding nontypi-
cal conditions of measurement and
in accepting a production goal
which can be met in reasonable
quantity.

REFERENCE
(1) J. W. Coltman, Fluoroscopic Image

Brightening by Electronic Means, Radi-
ology, 51, p 359, Sept. 1948.

173



By LOUIS W. ERATH

Vice-President
Southwestern Industrial Electronics Co.
Houston, Texas

Y modifying a conventional
Wien bridge type of R-C
oscillator so no arm of the bridge is
shunted by a low impedance, the
influence of vacuum tubes on the
oscillator can be virtually elimi-

nated. The only bridge shunting
elements then are vacuum-tube
grids. This unique arrangement

gives extreme frequency stability
and very low harmonic distortion.
The oscillator has a small general
drift for several hours due to
warm-up, but the short-time fre-
‘quency stability is of the order of
1 part per 100,000 over an operat-
ing range of 1 cps to 120,000 cps.
One application for an instrument
with this degree of stability is in
conjunction with digital-type fre-
quency counters used in designing
sharply tuned filters. The wide
frequency coverage, from 1 to 120,-
000 cps in five overlapping ranges,
is useful as well for research in
geophysics, medicine and ordnance.

A well-regulated power supply
minimizes the influence of line
voltage variations on frequency
and contributes to a low hum level.

The type of output circuit used
provides a low generator imped-
ance. The output level control
keeps the undesired voltages at a
constant percentage of the desired
output voltage, which may be as
high as 20 volts,

Circuit Details

The oscillator circuit is composéd
of two separate amplifiers, joined
together by a bridge network as
shown in Fig. 1. This network is
both frequency and amplitude sen-
sitive with respect to the conditions
of its balance.

The two amplifiers are entirely
separate, except that the screens
and cathodes of V, and V, are fed
from the same points on the volt-
age-divider networks as are the
corresponding electrodes of V, and
V.. This is done to avoid the neces-
sity of bypassing the a-c currents
in these elements to ground with
capacitors.

Four-terminal network A-B-C-D
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Test setup, with R-C oscillator at left. Frequency ranges are so chosen that read-
ings of single 1-120 scale on tuning dial are multiplied by powers of 10

Bridge-Stabilized

serves to connect the two amplifiers
together. This network is a Wien
bridge which has been modified to
be amplitude-sensitive by the use
of quasilinear elements in the resis-
tive bridge arms. At zero and in-
finite frequencies, terminals A and
C are at the same potential. Ampli-
fier No. 1 then has its output con-
nected directly to its input degen-
eratively, and the amount of
negative feedback is equal to the
gain of this amplifier alone.

At a frequency which is deter-
mined by the reactive arms of the
bridge, the two amplifiers are
coupled together regeneratively by
a network having a loss which is
less than the gain of the amplifiers;
under these conditions, oscillations
start. As the amplitude of the os-
cillations increases, the loss in the
bridge network also increases until
it has become numerically equal to
the average gain of the two ampli-
fiers. This is the stable operating
condition.

The voltage across R, contains
the fundamental frequency plus
about 3 percent of even-order har-
monic distortion. The voltage
across R, contains an out-of-phase
fundamental component, but the
even-order harmonic components

wwWWwW - americanradiohistorv com

are in phase with those appearing
across R; A special amplifier hav-
ing dual input circuits is used to
combine these voltages into a single
voltage with respect to ground,
which is essentially free of even-
order harmonic distortion.

Both the oscillator and the ampli-
fier have been provided with overall
d-c negative feedback, and the in-
ternal potentials of the vacuum
tubes have practically no effect on
the d-c operating potentials of the
circuit. Approximately 40 db of
negative a-c feedback is used in the
amplifier, adjustable through choice
of values for R; and RB,. The net a-c
gain of the amplifier is less than 2.

Tube V. has been used as a load
resistor for V, so that all of the sig-
nal power may be delivered to the
load.

The power line frequency com-
parator tube V, has its target pow-
ered by the low-angle peaks of the
450-volt power transformer second-
ary. This allows frequencies
which are related to the power line
frequency by the factors %, 3, Ly 2,
3, 4 and 5 to be spotted with ease.

Performance

When the oscillator is operating
properly, the harmonic content of
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FIG. 1—Circuit of oscillator. Stabilized power supply. not shown,

uses 5U4-G as full-wave rectifier with 900-v c-t transformer, with two

6§Y6-G, one 6AU6 and one 0B2 in regulator circuit

Ultrasonic Oscillator

Two-amplifier variation of Wien-bridge R-C oscillator gives exceptional frequency stability

and low harmonic distortion, for digital-type frequency counters as well as for audio and

ultrasonic research. Five overlapping ranges cover 1 cps to 120,000 cps

the output voltage is about 0.1 per-
cent in the range from 20 to 20,000
cycles per second. Above 20,000
cycles per second, the second har-
monic increases slightly due to the
increased loading by the stray ca-
pacitances to ground. Below 20
cps, the third harmonic increases
slightly due to cooling of the ther-
mal ave element during the cyecle.
It reaches a value of about 1 per-
cent at 1 cps.

Low distortion at low frequen-
cies may be obtained by replacing
the 6-watt 120-volt lamp in the
bridge circuit (Fig. 2) with a 10-
watt 120-volt lamp and changing
R, to 560 ohms. Under this condi-
tion the output drops to about 6
volts, and the harmonic content at
1 cps is less than 0.2 percent. With
the 10-watt lamp, the amplitude re-
quires a much longer time to stabi-
lize after a change in frequency is
made, but otherwise the perform-
ance of the instrument is the same.
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Extreme amplitude stability may
be had at a sacrifice of good wave-
form at the lower frequencies by
replacing R, and R, with a type 1C
thermistor and leaving the 6-watt
lamp in place. Under these condi-
tions, the harmonic content at 10
cps is about 2 percent and increases
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FIG. 2—Bridge circuit and range switch.
The ten resistors in the frequency-de-
termining legs of the bridge, below the
switch, are all 1 percent deposited car-
bon units. Frequencies for the five
switch positions are: 1—1-12 cps; 2—10-
120 cps; 3—100-1,200 cps; 4—1,000-12,-
000 cps; 5—10,000-120.000 cps

rapidly at lower frequencies. The
distortion decreases at frequencies
above 10 cps.- The harmonic con-
tent may be observed by using a
parallel-T null network to reject
the fundamental and an a-c milli-
voltmeter for measuring the rms
value of harmonies which remain.

Current passed by the 125-uf
electrolytic output coupling capaci-
tor gives in the output a d-c voltage
that is less than 1 percent of the
output signal.

The 20-volt output circuit has a
variable internal impedance which
reaches a maximum of about 1,250
ohms when the control is set at half
value. If a lower output impedance
is desired, 2 volts can be produced
across a 100-ohm resistor which is
connected across the 20-volt output
terminals. The 1-volt output cir-
cuit has a constant internal imped-
ance of 300 ohms. Output currents
up to 20 ma rms can be drawn with-
out an increase in distortion.
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Measuring Impedance of

Unknown resistor is connected across a special coaxial cavity that is fed by an unmodulated

signal generator and is tuned linearly to resonance by an inward-projecting precision

micrometer spindle. Resulting voltage across resistor is detected, measured and converted

to impedance with accuracy better than 5 percent up to 400 me

By CHARLES L. WELLARD

International Resistance Co.
Philadelphia, Pa.

EASUREMENT of resistor im-
M pedance in the so-called
middle band of frequencies around
400 mc necessitates the application
of special techniques since this
range is too high for conventional
bridge methods and too low for con-
venient use of slotted line and
waveguide techniques. The band of
frequencies between 30 mc and 400
mc may be thought of as the region
of transition from lumped para-
meters to distributed parameter
circuits.

The special middle-band equip-

ment to be described uses a tuned
coaxial cavity of the correct length
for resonance at the desired fre-
quency. Measurements are made at
the discrete frequencies of 2, 10,
25, 50, 100, 200, 300 and 400 mc on
impedances up to and including one
megohm. The measurements at fre-
quencies below 100 mc are obtained
by adding lumped inductances on
the end of the cavity.

An earlier cavity application for
this purpose' allowed comparative
measurements to be made at dis-
crete points, namely 100, 200, 300
and 400 mc. One cavity was essen-
tially designed for 200-mc opera-
tion, but by reducing the length of
the inner conductor, satisfactory
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