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AUTOM_ATIC ASTRONOMER FIND STARS QUICKLY—Computer-controlled machine built by Watson Scientific
Computing Laboratory of Columbia University locates on photographic plate stars called for by IBM punched card
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pulse work.

INTERNAL IMPEDANCE

The internal impedance of 2.0 ohms is
determined by making measurements in
accordance with L.R.E. specifications for
the measurement of power supply in-
ternal impedance (cf. The Proceedings
of the I.R.E., January, 1951). However,
this can be expressed in a slightly dif-
ferent manner. The 2.0 ohms impedance
applies for frequencies above 20 cycles.
Typical measurements indicate that at
10 kc impedance is 0.5 ohms in series
with 18 microhenries, and at 20 kc it is
0.5 ohms in scries with 8 microhenries.
RECOVERY TIME

Typical measurements indicate a recovery
time of 1 millisecond when a load of 1%
ampere is applied. It is approximately
0.5 milliseconds when load is decreased
from full to no load, and is in the order
of 0.2 milliseconds when load is de-
creased from full to 1/10 load.
REGULATION ACCURACY

The regulation accuracy applies where

Sorensen & Company, Inc., 375 Fairfield Ave., Stamford, Conn.

We have been repeatedly advised of the
need for a laboratory power supply with
current capacity of up to one-half
ampere. During the design of the unit it
appeared desirable that it should embody
characteristics making it suitable for

The result is our new Model 6G00B which
we believe merits your attention by its
reduced ripple, its internal impedance
specifications, and its incorporation of
type 5651 tubes to increase long-term
stability of output voltage.

there is load change from zero to full at
a fixed input voltage within the rating,
or against an input change between 105
and 125 volts at a fixed load within
rating. This accuracy applies down to
30 VDC. Below 10 volts the changes due
to circuit instability are greater than
those due to line or load conditions.
BIAS SUPPLY

The bias supply accuracy is *+0.5% art
maximum output voltage and from
0-5 ma.

TUBE COMPLEMENT

OD3 (2), 5651 (1), 5R4 (3), 6L6
(7), 6BQ6 (1), 6SL7 (1), 5Y3 (1).
MECHANICAL SPECIFICATIONS

The instrument is 17" long, 1015” high,
and 1478” deep. Net weight is 85
pounds. The unit is self-contained, but a
panel is available; its dimensions are 19”
long by 1214 high.

PRICE

$395.00 f.o.b. Stamford, Conn,

s —

Output voltage
Ovutput current

Regulation accuracy

Input range

AC voltage unregulated

Look at these specifications

0-600 VDC
0-500 Ma

#+0.25% above 100 VDC
+0.5% below 100 VDC

Ripple (mV-RMS) 3 maximum

Bias supply 0-150 vDC

Maximum bias circuit 50000 ohms
impedance

Internal impedance, 2.0 ohms

maximum

105-125 VAC, 1§+ 50-60n
6.3 VAC, C.T, at 15 amperes

Other B Supplies are avail-
able ia the standard Sorensen
line, as well as Nobatrons*
( low-voltage, high-current reg-
ulated DC sources), AC reg-
ulators, frequency changers,
and other power regulating
equipment. Write for the new
general catalog to Sorensen &
Co., Inc., 375 Fairfield Ave.,
Stamford, Conn. In Europe,
please correspond directly with
Sorensen A.G., Gartenstrasse
26, Zurich 2, Switzerland.

SORENSEN

*Reg. U. S. Pat. Off. by Sorensen & Co., Inc.
i
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The scientific approach to
vibration measurement

WITH the Muirhead-Pametrada Wave Analyser the localization of obscure vibrations can be
carried out systematically. Designed specifically for such measurements, this instrument
covers a range of 19-21,00C ¢/s with an accuracy of +0.59%,. Its high selectivity enables component
frequencies close to one another to be measured ; the flat top of the tuning characteristic can be
varied to simplify measurements of fluctuating frequencies.

In almost every branch of engineering there is a use for this novel instrument.

FEATU RES D D G LS WS NN NN END SN R S S S D S s m— -_————-_—-l

MAIL THIS COUPON FOR
DESCRIPTIVE BROCHURE

WHICH WILL BE SENT FREE ON REQUEST

e Wide frequency band — I9¢/s to 21 ke/s in 9 over-
lapping ranges

o Frequency accuracy + 0.5% over entire range

o Response flat within 4 2db over entire range

NAME _
o Flat-topped response curve — narrow or wide band-
width selected at will POSITION _
o Off-peak response proportional to percentage mis- COMPANY

tuning

e Output frequency is that of the selected component, AR Cx ADBRESS

and is available for oscilloscope viewing

e Octave discrimination better than 70db

125

iy — T o — o —— — — T —— — S —— — i ]

MUIRHEAD & CO. LIMITED + BECKENHAM - KENT - ENGLAND
MAKERS OF HIGH GRADE PRECISION ELECTRICAL INSTRUMENTS

ELECTRONICS — June, 1954 3

o Mains operated from a separate stabilized supply unit

WwWWW.americanradiohistorv.com
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Yeor Previous Latest Year Previous Latest
Ago Month Menth Ago Month Month
RECEIVER TV AUDIENCE
PRODUCTION (Source: Television Magazine) May ‘53 Apr.’54 May ‘54
(Source: RETMA) Mar. '53 Feb.’54 Mar. ‘54 TV Homes—Total  ...... ... 29,565,759
Television sets . ...... 810,112 426,933 599,606
Home sets ... ....... 442,101 233,063 244,110
Clock Radios ........ 275,079 105,933 119,863 BROADCAST STATIONS , , ,
Portable sets .. ...... 177,656 98,275 206,130 Source: (FCC) Apr.'53 Mar. '54 Apr.'54
Auto sets .. .....euen 654,367 331,961 370,249 TV Stations on Air. ... 179 385 387
TV Stns CPs—not on air 264 190 190
TV Stns—Applications 612 72 52
AM Stations on Air. .. 2,430 2,539 2,563
RECEIVER SALES AM Stns CPs—not on air 135 129 112
. RETMA Mar. 53 Feb. '54 Mar. ‘54 AM Stns—Applications 249 163 158
(Source. ! : . ar ¢ : FM Stations on Air. .. 600 555 552
Television sets, units. . 603,704 536,017 512,861 EM Stns CPs—not on air 21 15 16
Radio sets (except auto) 516,618 262,679 486,034 FM Stns—Applications 9 3 a
COMMUNICATION AUTHORIZATIONS
RECEIVING TUBE SALES ) Source: (FCC) Mar. ‘53 Feb.'54 Mar. ‘54
(Source: RETMA) JUER *EE Febngst Mar. 54 Aeronautical ....... 38,822 43,682 43,324
Receiv. tubes, total units 44,691,200 25,189,147 29,063,484 Marine ... ..., 39,425 44140 44,598
Receiv. tubes, value. . $29,978,827  $18,319,819  $22,130,627 Police, fire, etc. ...... 12,682 15,003 15,065
Pic. tubes, total units. 974,154 645,715 759,468 Industrial ........... 16,232 20,280 20,599
Picture tubes, value... $23,772,801  $13,916,478 $15,904,687 Land Transportation .. 5,660 6,600 6,758
Amateur . ... ........ 112,666 117,427 118,750
Citizens Radio ....... 1,980 5,550 5,612
Disaster ............ 189 257 259
SEMlCONDUCTOR SALES Experimental .. ...... 415 532 544
(Source: RETMA) Mar. ‘53 Feb. ‘54 Mar. ‘54 Common carrier ... ... 1,094 1,490 1,534
g;:g‘;"gmg"desz ....... 1,172,475 815,824 1,061,010
EMPLOYMENT AND PAYROLLS
(Source: Bur. Labor Statistics)  Feb.’53 Jan.’54 Feb. '54
g Prod. workers, comm. equip. 418.1 352.6 -r 3474
r Quorterly Figures > Av. wkly. earnings, comm. . . $65.77 $65.96-r $68.06
Yeor Previous Latest Av. wkly. earnings, radio. . . $63.92 $65.02-r $67.03
INDUSTRIAL Ago Quarter Quarter Av. wkly. hours, comm.. . .. 40.6 38.8 39.8
TUBE SALES Av. wkly. hours, radio. . . .. 40.2 38.7 -r 39.9
(Source: NEMA) 4th '52 3rd ‘53 4th ’'53
Vacuum (non-receiving) $12,790,000 $9,434,082 $9,467,331 STOCK PRICE AVERAGES
Gas of vapor ........ $3,480,000 $4,145,018 $4,854,222 . , , .
Phototubes _ $760.000 $510.686 <405.000 (Sourc.e. Standard and P.oor’s) Apr.'53 Mar. ‘54 Apr.'54
Magnetrons and velocity Rad!o—TV & Electronics 298.9 301.9 304.0
modulation tubes ... $10,510,000  $9,822,600  $13,073,095 Radio Broadcasters .. 2907 3021 3095
Gaps and T/R boxes. ..  $2,090,000 $1,554,000 $1,707,730 p—provisional; r—revised
FIGURES UF 'I'HE YEAR TOTALS FOR THE FIRST QUARTER
1953 Total 1953 1954  Percent Change
Television set production 7,214,787 2,259,943 1,447,110 —36.0
Radio set production 13,368,556 3,834,784 2,581,565 —32.6
Television set sales 6,375,279 1,780,899 1,780,795 —
Radio set sales (except auto) 7,064,485 1,438,866 1,059,336 —26.4
Receiving tube sales 437,091,555 122,058,756 76,385,978 —37.4
Cathode-ray tube sales 7,582,835 2,798,921 1,962,864 —29.9
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DESIGNED for mass production and operation by anyone capable of using

an existing business machine,

this desk-size computer

may prove

Small Brain Can Do Big Jobs Fast

Electronic calculator the size
of desk adds two twelve-digit
numbers in 2/1,000 second

Success of computing techniques
for business and automation de-
pends upon continual evolution of
useful, compact and inexpensive
electronic brains. Giant computers
needed to solve complex missile
guidance, aerodynamic and basic re-
search problems cost anywhere
from millions to at least $500,000.
Business needs more equipment in-
termediate between this and the
desk-top calculator.

» Desk-Size Machine—One recent
approach to fulfilling this need is

ELECTRONICS — June, 1954

suggested by Burroughs, long-time
manufacturer of mechanical calcu-
lators. Their desk-size machine com-
bines the electrochemical and elec-
tronic approach, using some 160
tubes and many germanium diodes.
Not yet in production, but operating
in prototype form, the machine is
expected to sell for $30,000 in mass
production. Initial computers will
probably be handled orn a rental
basis to enable Burroughs to gain
practical experience in this field.

» Simple to Operate—Data is in-
troduced with a keyboard and an-
swers are printed at 24 characters
a second. A magnetic-drum memory
stores information like tables of in-
terest rates and logarithms. An op-

erator trained for only an hour and
forty minutes computed real estate
tax assessments, rate of climb and
path of a guided missile and deter-
mined power capacity of a hydro-
electric system consisting of three
dams in the initial demonstration at
Detroit.

Diverging Trends
Beset UHF Television

Receiver production is substan-
tial but number of stations in
operation levels off

THE INDUSTRY is keeping close
watch on the uhf television picture.
Another appraisal of uhf tv eco-
nomics was scheduled for late in
May by a subcommittee of the
Senate Commerce Committee. Rep-
resentatives of uhf stations, uhf
associations and uhf set makers ap-
pear at the hearings.

» Sets—Factory production of sets
with uhf tuning facilities is pro-
ceeding at a healthy rate. Since
the heginning of 1953 over 1.8
million uhf sets have been pro-
duced representing 20 percent of
total tv output. At the present pro-
duction rate the percentage by the
end of this year is expected to be
substantially higher.

» Stations—The number of uhf
stations in operation leveled off at
the beginning of May. New uhf
stations going on the air have
taken up the slack of those who
have gone off.

About 60 uhf applicants who
were granted cp’s have withdrawn
applications, Two radio stations
in New York City are among the
latest to do so. One stated the rea-

5
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son as being that economic prob-
lems involved in starting a uhf sta-
tion in New York at present seemed
insurmountable.

» Manufacturers — Experimental
field tests of a system that utilizes
a low-powered auxiliary transmit-
ter to extend coverage of uhf tv
stations to shadowed areas will be
made by RCA in cooperation with
WJITV in Jackson, Miss.

Six types of 12 kilowatt klystrons
have been added by GE to its in-
itial equipment and distributor

sales lines. Since early 1953, GE
has equipped 35 stations with the
tubes.

Stations use klystrons under di-
rect lease from GE but may now
either lease the tubes or purchase
them outright. The tubes have
been added to the distributor sales
line at a list price of $10,000 each.
They operate in uhf band, and each
type will provide 12 kilowatts of
power output at synchronizing peak
level with a power gain of 200 in
broadband visual service.

Shadow-Mask Makers
Profit With Color

SI1ZABLE new business developing as
a result of color television is aper-
ture-mask manufacturing. In pi-
lot quantities, it is estimated that
the price of a finished mask could
run as high as $20 per unit. How-
ever, with mass production the cost
could drop to $5 or lower as new
techniques are developed.

» How—DMany of the shadow-masks
produced so far have been made in
a two-step operation. The holes are
etched first in a sheet of cupro
nickel made of 70-percent copper
and 30-percent nickel by a photo-
etching subcontractor. It is then
shipped to a precision-metal sub-
contractor for final finishing and
shaping for either the curved or
flat form.

Business for these sub-contrac-
tors has already been substantial.
One photo-etching firm estimates
that it produced nearly 8,000 masks
in March of this year. In Ap-
ril, however, production dropped
sharply as the industry switched
to 19-inch color-tube production.
However, mask suppliers say they
can set up to produce 20,000 masks
a month if demand calls for it.

Industry Scores Automation Progress

Methods are reviewed, costs are
scrutinized and new advances
described at symposium

EVALUATION of the problem of au-
tomatizing production lines was
made at a symposium in San Fran-
cisco on automatic production of
electronic equipment co-sponsored
by the Stanford Research Institute
and the U. S. Air Force.

> Methods — Stanfords Research’s
automatic factory research pro-
gram, under sponsorship of the
Air Force, was described. It pro-
poses a line of single-purpose ma-
chines that could be installed one
by one in a manual line to enable

6

gradual conversion to automation
in a small factory. The machines
would assemble components of con-
ventional construction but with
standardized dimensions, in modu-
lar increments of 0.1 in., and would
use some type of feedback control.

A similar approach to automa-
tion, Project Mini-Mach, is being
made for the Navy under a Bureau
of Ships contract by Melpar of
Alexandria, Va.

It uses standard components in
a punch-tape controlled assembly
line, with a subassembly technique
that is basically that of securing
component boards together in a
deck-like manner, mechanically sup-
ported by and spaced from adjacent
decks by a special combination of

male-female connectors. Wiring be-
tween components and between
decks is entirely eliminated.

A modular coordinate system is
used to locate the components; the
location is coded digitally and re-
corded on a storage medium. A
geometrical description of the en-
tire equipment can be obtained by
giving a set of component numbers
which choose the component type
and size, together with another set
of numbers giving the location of
the component.

It was explained that a high de-
gree of component accessibility is
achieved, since the wafers are
detachable for inspection and re-
pair.

(Continued on page 8)
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| sylvania’s versatile new . :
Sylvania’s versoilie === Electrical Ratings
? P w Collector to Base Voltage ......- —25 volts
Collector Current «...ooenenerss —1.5 amps.
Dissipation in Free Air.ceeineeens 1.5 watts

Typical Operating Conditions

Here’s a simple, rugged unit which provides an push-Pull Class B Amplifier ... Grounded Grid or AC
efficient solution to numerous power require- Grounded Collector Circuit.
ments including: Servo systems, control applica- Power QUIpUt .o vovrarses 3 watts (MIN)
tions, and compact radio receivers. Collector Voltage . ..... .-+ —12 volts
Load Resistance . ......-.c--- 24 ohms to

This vcr‘sat.ile Sylvat}ia development pcrr}]its Collector Current @ Zero Output .. .e.c.ch.*.r?isgs::g
1.5 watts dissipation with no external heat sink. Collector Current @ 3 Watts Output ....—320 ma -
Its power gain is better than 10 db. And, it may Collector Efficiency @ 3 Watts 3
be mounted in any position’ with lead wires sol- OUIPUT: we»ons pres wier § <€ Kog ne mwmN EFE RS 75% g
dered or clipped for socket mounting. For further Power Gaif . .coaenncnararrsas sttt > 10db i
details and technical data, write today to Dept. Frequency Response ......oocoxerrr s > 10KC
4E-1606, Sylvania. Another reason why it pays to specify Sylvania

e e PR e U S ¥

o

—

SYLY/

Sylvania Electric Praducts Inc., y’/ 1740 Broadway, New York 19, N. Y

) . . .
n Canada: Sylvania Electsic {Canedal Ltd., University Tower Bidg., $t. Catherine Street, Montreal P. Q
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INDUSTRY REPORT—Continued

In insertion operations, a tool
and anvil combine to effect me-
chanical fastening of the compon-
ent to the wafer exclusive of solder-
ing support, and fastening and
soldering operations are combined
or superimposed. All pertinent con-
ductive surfaces are precoated with
solder before entering the assembly
machinery so that soldering is re-
duced to the controlled and precise
application of heat by the anvil.

Melpar estimates the machines
will produce a two-wafer assembly
at a rate of two per minute and
that it would be economical to pro-
duce as few as 100 of these units
between changeovers.

» Cost—Attention was focused on
the cost factor in automation. It
was indicated that major costs in
the electronic field were for com-
ponents, and that automation ef-
forts should be concentrated on
standardizing and cutting costs of
these.

Cost of assembling typical elec-
tronic equipment, it was estimated,
included only 10 to 20% for labor,
so that little could be saved there.
Automation in manufacture of com-
ponents was described as a fertile
field, however, since 60 to 80 per-
cent of equipment assembly costs
are for materials.

» Advances — Emerson reported
that it is working with a conduc-
tive ‘adhesive to replace hand sol-
dering operations.

Sylvania Electric Products an-
nounced a new high-speed auto-
matic technique for the manufac-
ture of transformer coils. Under
the process, the coils are made by
rolling together wide sheets of
metal foil and insulating paper.
The roll is then sliced to form the
windings of a transformer or a
complete r-f coil.

Sylvania also announced the de-

sign of a receiving-tube mount
structure adapted to automatic
assembly.

The tube mount, developed under
a Bureau of Ships contract, uses
ceramic to replace mica and glass.
The elements are stacked on two
ceramic pins, separated by ceramic
spacers held to thickness tolerances
of 0.0005 inch.
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SUPPLY of young engineering graduates hits low point, but . . .

Grads Find Gold Rush Over

Firms besiege top students; low
men find little choice; some
older engineers are out

ACCORDING To ELECTRONICS, survey
of nearly 80 percent of American
engineering colleges and universi-
ties, a total of 4,400 students will
receive first degree in electrical en-
gineering this June. Of this num-
ber, 3,600 indicate that they will be
available to accept industrial em-
ployment.

Ten percent of the total (440
men) will enter the armed forces by
way of R.0O.T.C. or regular commis-
sioning while approximately 330
will remain in school for graduate
studies.

» Other Fields—Although the
electronics industry will draw large-
ly from among electrical engineer-
ing graduates many mechaniecal, in-
dustrial and chemical engineers and
engineering physicists are also
sought. Total engineering grad-
uates in all curricula this June will
be 22,270.

Engineering educators report
that interviewers on college cam-
puses this spring are placing
greater stress upon academic stand-
ing than at any time since the Ko-
rean war began back in 1950. Men

in the top five percent of the class
grade-wise can often choose from
as many as six offers.

» Salaries — Average starting
salary for engineers in all fields is
$336 a month. This is up $10 over
June 1953 figures. Top offer made
by any of the 50 large companies
reporting salary data is $438 while
the low is $247. Salaries offered
depend largely upon the graduates
academic grades.

A potential surplus of engineer-
ing talent appears to be developing
among some engineers in the 45-48
age bracket. Some observers attrib-
ute this to cutting of expenses by
some firms. This trend presumably
has done much towards firming up
the demand for recent engineering
graduates.

Broadcasters Pool
Information at NARTB

TARGET DATE for completion of new
broadcasting equipment has now
become the annual convention of
National Association of Radio and
Television Broadcasters, held this
vear at Chicago, May 23-27. Col-
lectors of data sheets at the exhibit

{Continued on page 10)
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EVERY TYPE AND RATING FOR
SMALL OR LARGE PRODUCTION RUNS!

Sprague can provide you with the
best capacitors for your require-
ments. And when jt comes to ce-
ramic capacitors, large plants with
adequate production and tooling
facilities offer prompt delivery for
small or large production runs.

In the East, Sprague ceramic ca-
pacitors are made at North Adams,
Mass., and Nashua, N. H. The Mid-
west is served by Sprague’s wholly
owned subsidiary, the Herlec Cor-
poration of Grafton, Wis.

Some of Sprague’s newest de-
velopments are shown at right.
For future developments in ce-
ramic capacitors, look to Sprague
for the ultimate in performance,
miniaturization, and reliability.

SPRAGUE ELECTRIC CO.

35 Marshall St., North Adams, Mass.

Sprague, on request, will
provide you with complete
applicationengineering serv-
ice for optimum results in
the use of ceramic capaci-
tors, and printed resistor-
capacitor networks.
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IT’S SPRAGUE FOR
Ceramic Capacitors

WORLD'’S LARGEST CAPACITOR MANUFACTURER

‘RING’ CERAMIC CAPACITORS
to clean up chassis

FLAT ‘PAN’ CERAMIC CAPACITORS
simplify circuit design

WIDELY-USED CERAMIC CAPACITORS
for electronics, radio, and TV

SPRAGUE

Export for the Americas: Sprague Electric International Ltd., North Adams, Mass. CABLE: SPREXINT
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INDUSTRY REPORT—Continued

obtain the equivalent of an annual
catalog of radio and television
equipment.

» Accent On Color—Although
broadcast businessmen traditionally
discuss, on and off the record, the
problems inherent in management
of stations, their engineering as-
sociates concentrate upon technical
aspects of station operation. This
year, emphasis is on color tv. The
engineering conference committee
decided what engineers most needed
to know and then sought out expert

authors for about 25 technical pa-
pers. Resulting titles might well
serve as a checkoff sheet for engi-
neers hard-pressed to make the
new medium work successfully.

Engineers from the two networks
that have had most experience with
live color will serve their colleagues
by telling the essential trade sec-
rets on staging, lighting, makeup,
costumes and sets.

» Improved Performance — Axio-
matic among tv engineers is the
fact that monochrome performance

must be well-nigh perfect before
color can be successfully handled.
Loss of quality or dead air have
lost the broadcaster some revenue,
making reliable operating pro-
cedures financially important.
Some of the technical papers re-
flect these philosophies by telling
how to get the best possible per-
formance from Dblack-and-white,
how to handle video recordings
(backbone of small station pro-
gramming) how to switch programs
without a hitch and how best to per-
form preventive maintenance.

Authorized Mobile Transmitters Top 433,000

LATEST FCC figures show that 19,-
322 licensees for industrial, land
transportation and public safety ra-
dio services are authorized to oper-
ate an average of better than 22
transmitters each, or a total of 433,-
627 transmitters— mobile or fixed.
Not included are aeronautical, ama-
teur, citizen, disaster and marine
services in which an additional 200,-
000 licensees are permitted to oper-
ate about 600,000 transmitters.
Authorizations shown in the table
reflect a trend, but do not show ac-
tual stations on the air. The Com-
mission recently voted to determine
exactly how many of the authorized
stations are now in service.

Manufacturers Adjust C-R Tube

Factory stocks are still higher
than they were last year but are
dropping fast

GOOD INDICATOR of the state of busi-
ness in the tv tube industry is the
number of tubes shelved in manu-
facturers’ warehouses. For the
past 10 months, c-r tube inventories
have been over the million mark
each month. However, from a high
point of 1.4 million in July of last
year, stocks have dropped 400,000.

» Sales—One measure of success
of inventory management is the

10

Class of Station
Industrial Services

Agrieulture. ... ... ... .
Iorest Products. ... ...
Low Power Industrial . ..
Motion Picture. .. . .......
Petroleum. .. ... .. ..
Power....... ... ... ... ... ... ... ..
Radiolocation. ... .......

Relay Press. ..

Speeial Industrial . _........... .

Land Transportation Services
Auto Emergency . ...... ... ..
Highway Trueck. . ... ... . .
Intercity Bus. ... ... ... . .
Railroa

Public Safety Services
Eirels .. . ne -t s wh W
Forestry-Conservation. ... ..... ... TN
Highway Maintenance. .
Police.............
Special Emergency . .
State Guard

CATHODE-RAY TUBE FACTORY INVENTORIES
1.5

o3

MILLIONS OF UNITS
(=]
w

r— L I — L .
TV FMAMUYUJASONDUIFM
1953 1954

Number of
Licensees Fixed Mobile Total
1 D sessen. 9
277 634 7,260 7,894
875 ... .. 6,911 6,011
12 13 334 347
505 4,110 19,898 24,008
1,786 5,356 59,941 65,297
40 56 94 150
38 28 691 719
2,107 3,309 37,296 40,605
5,341 13,5156 132,425 145,940
203 253 2,782 3,035
399 549 8,293 8,842
8 61 768 829
138 942 12,597 13,5639
B 5,357 4,156 90,397 94,553
75 80 2,256 2,336
6,270 6,041 117,093 123,134
...... 1,051 1,106 21,170 22,276
83 2,397 16,428 18,825
..... 314 727 9,122 9,849
..... 5,481 6,318 101,594 107,912
,,,,,, 1,060 1,079 4,308 5,387
2 115 189 304
7,711 11,742 152,811 164,553
..... 19,322 31,298 402,329 433,627

Inventory

ratio of inventory to sales, with a
lower ratio almost always being
more desirable. Here are the ratio
figures for the past 14 months: Jan.
44, Feb. 53, March 71, April 83,
May 127, June 165, July 218, Aug.
150, Sept. 146, Oct. 132, Nov. 166,
Dec. 180, Jan. 190, Feb. 149. They
dropped nearly 25 percent in Febru-
ary but are still three times as high
as they were in February, 1952,

» Price—As a result of large stocks
price cutting and other symptoms
of overstocked warehouses began

(Continued on page 12)
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Magnets for rotors or stators
...any design or size you may require

“MAGNETIC MATERIALS CATALOG™”

Werite for your copy

Contains handy data on various types of
Alnico Magnets, partial lists of stock
items, and information on other perma-
nent magnet materials. Also includes
valuable technical data on Arnold tape-
wound cores, powder cores, and types
“C” and “E” split cores in various tape
gauges and core sizes.

ADDRESS DEPT. E

The use of Alnico permanent magnets in rotor and stator assemblies
of motors, generators, magnetoes and tachometers has revolu-
tionized the designs of these devices. Whatever your need may be
—from a tiny rocor for a timing device to a large slab for power
generators—Arnold can take care of your requirements, either for
experimental samples or production quantities.

® Let us work with you. You will have the advantage of working with
a leading producer of rotor magnets, whose manufacturing and
testing facilities—the most modern in the business—give you the
best assurance of high quality standards and uniform performance.

waDs184

=-='c|.v~-: —— e r——— ..: -—‘—‘-—@r&‘ﬁ
? THE ARN%D ENGINEERING COMPANYM
SUBSIDIARY OF@AIﬁEGHEN‘! LUDIUM STEEL CORPORATION
Genercl Ofglce & Plant Marengo, lilinois e

. ~ DISTRICT SALES OFFICES ... New York: 350 Fifth Ave.
L : ,Loszingele: 3450 Wr!shlrh Blvd. : qutan‘ Bgrieﬁrit
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INDUSTRY REPORT— Continued

to appear this year. Some leading
tube makers reduced prices on c-r
tubes to unload excess stocks. This
has shown up in some first quarter
profit statements. One company,
for example, reported net earnings
of $450,304 for the first quarter of

this year compared to $552,318 for
the period in 1953. According to
the company, disappointing results
in the c-r tube division, which was
adversely affected by an unfavor-
able price situation and instability
in the tv industry was a cause.

Tape Recording Hits New Fields

Six major markets emerge;
long-playing prerecorded tapes
are making debut this year

ALTHOUGH the home entertainment
market for magnetic recorders
overshadowed all others with its
gross sales of over $50 million
last year, two other fields of appli-
cation battled to a tie in dollar
volume of sales last year. One was
the long-familiar broadcast station
market for high-fidelity tape equip-
ment; the other, a relative new-
comer, was the industrial instru-
mentation field.

Instrumentation recording is
used for sound and vibration an-
alysis, telemetering of guided mis-
sile performance data, seismic ex-
ploration and similar applications
where many different channels of
data must be recorded faithfully
in a short interval for later play-
back through analyzing equipment.
A tape master permits playback
over and over again through differ-
ent filters and equalizers so as to
extract the maximum amounts of
information from a recording.

> Sales Reports — Magnecorder
sales for 1953 in this field were
about $1 million, as contrasted
to $1.4 million in studio equipment.
Ampex sales of $1.2 million were
divided equally between the two
fields in 1953, with an additional
$1.9 million of equipment going to
the military for unspecified uses.

» New Markets—The three new
markets showing promise this year
are: (1) taped background music
for Dbusiness and industry; (2)
taped music and tape players for
home entertainment; (3) special-
ized tape equipment for office ma-
chines and computers.

Potential market for recorded

background music systems using
tape is estimated at about 430,000
outlets. Here tape is showing such
distinct advantages that Muzak has
announced plans for enfranchising
firms to duplicate and distribute
on tape its library of 7,000 selec-
tions.

Magnecord has finalized arrange-
ments for distributing 8-hour reels
of prerecorded magnetic tape es-
pecially programmed for factories,
offices, restaurants, hotels and other
commercial outlets, using over 4,000
selections from RCA Victor’s The-
saurus library. The tapes will be
leased to customers for use on a
new tupe transcriber that plays au-
tomatically either intermittently or
continuously.

Magne-Tronics Ine., another re-
cent entry into the taped industrial
music field will lease tapes and
players in 100 U. S. cities. Source
of music here is the 8,000-selection
transcription catalog of Capitol Rec-
ords.

Audio-Video Tape Libraries, a
pioneer in the music-on-tape field,
has expanded its background music
division and also set up a rental
plan for 8-hour tapes.

> Home Market—At least eight
firms are already making prere-
corded tapes for home entertain-
ment, and many record firms are
actively working on limited tape
libraries. The increased availabil-
ity of taped music has in turn stim-
ulated design and production of
tape players. Advantages of players
are lower cost and the impossibility
of accidentally erasing a recorded
tape.

» Predictions—Ampro Corp. esti-
mates the market for all types of
tape equipment to be 300,000 units
for 1954, 540,000 for 1955, 600,000
for 1956 and 800,000 for 1957.

Market saturation today is put at
less than three-quarters of one per-
cent.

Biggest unknown market is busi-
ness itself, where advantages of
storing records and data on tape
tfor automatic access are a challenge
to the entire tape industry. Re-
cent announcement by Reeves
Sounderaft of a Mylar-base high-
fidelity tape that is practically un-
breakable can accelerate work in
the business field as well as in the
other five markets.

Total number of licensees under
Armour Research Foundation’s
basic patents is now 62, of which
14 are foreign concerns.

AUTO RADIO PRODUCTION

MILLIONS OF SETS

Auto Radio Output
Slows Down

Production is off thirty
percent in the first quarter
as car market changes

BUYERS MARKET that developed in
the auto industry this year seems
to be having its effect on the auto-
mobile radio business.

Nearly a half million less auto
radios were produced in the first
three months of this year compared
to output in the same period in
1953. The drop is partially ex-
plained by the decline in auto pro-
duction since the majority of auto
sets are sold direct to car manu-
facturers and not through retail
outlets. In the first two months of
this vear total passenger car out-

(Continued on page 14)
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LEAD Wlﬂé WELDING MACHINE

electronic industry
wire products
at high speeds with

IKAHLE
MACHINERY

winding—welding—drawing
filament making & tabbing

up to 12,000
3-piece lead wires welded per hour for
miniature receiving tubes!

up to 3,000
filaments per hour, depending on
wire diameter!

up to 2,500
filament coils wound per hour for
miniature lamps'

up to 1,200
RPM on Kahle Grid Winding Machine

Kahle is the largest producer of custom machinery for
manufacturing electron tubes from the smallest to the
largest size. If you have any difficulties to overcome in
tube production . . . exhausting, sealing, stem making
... write Kahle today and discover how this
organization’s engineering staff can assist you.

SPECIAL EXPERIMENTAL AND RESEARCH
SERVICES OFFERED BY KAHLE INCLUDE:

FIL:\N‘ENT COll. WINDING MACHINE

Fahle

ELECTRONICS — June, 1954

Special glass parts and accessories
Special tools for research

Special models

development
Regular industrial engineering at regular fee or contract
rates

Special tubes, lamps, etc. for research purposes including

o
o
o
@® Small-lot manufacture of special items for research or
o
o
elements and parts

o

Any special equipment for manufacture or research for
tubes or lamps

ENGINEERING COMPANY

©nn

1310 SEVENTH STREET ¢ NORTH BERGEN, N. J.
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INDUSTRY REPORT— Continued

put was five percent below that of
last year and new car registrations
were off 10 percent.

» Autos—Automobile manufactur-
ers say that inereased competition
in the industry is not evoking strip-
downs of cars that come factory-
equipped with radios. They indi-
cate that it is still the deluxe
automobile with all the trimmings
that is a large seller. In fact, they
point out, the percentage of autos
that come factory equipped with
radios is pretty much as it was in
1953.

General Motors reports that in
the first quarter of this yvear 94.3
percent of all Oldsmobiles produced
were equipped with radios. In 1953
the percentage for the vear was
92.2 percent. Accenting the trend
to the deluxe auto, 15 percent of
all radio-equipped Olds produced
in the first quarter used the deluxe

Printing Trends to

RECENT DEVELOPMENTS in the print-
ing industry indicate the growing
importance of electronics in this
field. In preproduction demonstra-
tion, the Mergenthaler Linotype Co.
showed a two-unit punched-tape
controlled photographic typesetter.

The typewriter unit uses a modi-
fied electric typewriter to provide
a punched paper tape containing
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signal-seeking set.

The Pontiac division of GIM re-
ports a slight drop for the first
quarter with 87-percent factory in-
stalled compared to the usual 89
percent. Buick also reports a slight
drop to 92 percent of its output
that is radio-equipped. It is pres-
ently installing 11 percent of new
cars with the deluxe model.

» What’s New—Last year saw the
introduction of the signal-seeking
car radio. Another move toward
more automatic operation was made
by Motorola this vear with the in-
troduction in its new line of auto
radios of a feature called volu-
matic control. The control circuit
uses a tube developed by the firm
and Tung-Sol. Motorola plans to
include the device in its entire line
4t no extra cost. It is reported
that 18 percent of the firm’s sales
involve auto radio receivers.

Tubes

letter and spacing information.
When the tape is run through the
photographic unit, the punched in-
formation automatically sets shut-
ters to uncover the proper letter on
one of five glass negative plates.
An electronically triggered flash-
lamp prints the letter by projection
on a strip of photographic film. The
typesetter can set type in sizes

Two-unit typesetter uses electric-typewriter keyboard to punch paper tape

for controlling photographic unit at rear.

Control panel at side of typewriter

is for selecting style of type and word spacing

14

www.-americanradiohistorv.com

from 6 to 16 points using two sets
of negatives.

In the demonstration model, me-
chanical computing and memory
units were used for computing line
width and keeping track of spacing
information. These units may he
replaced in whole or in part by elec-
tronic systems by the time full-scale
production begins in the fall of
1955. An electronic accessory to
the typesetter is a correction unit
that slices out lines containing er-
rors and replaces them with cor-
rected lines butt-welded into place
in the film strip.

» Engraving—Production of plas-
tic halftone cuts by electronic en-
graving methods has been given
added adaptability in a new engrav-
ing machine developed by the Fair-
child Camera and Instrument Corp.
In the present production model,
the engraving is produced with ex-
actly the same dimensions as the
original photograph. The new unit
can vary either or both dimensions
of the engraving. Provided on a
rental basis, the new engraver will
cost from $300 to $600 per month.

West Coast Electronics
Spreads Out

Oregon joins California in
extolling the industry’s
growth characteristics

CHAMBERS OF COMMERCE in both
California and Oregon recently
noted the rising importance of the
electronics industry on the west
coast.,

The Los Angeles Chamber has
formed an electronics committee to
coordinate industry-wide action on
component parts, scientific person-
nel, industry statistics and recogni-
tion and use of new equipment and
techniques. According to the group,
the electronies industry replaced
the aviation industry in 1953 as the
second largest in total capital in-
vestment in greater Los Angeles.

» Dark Horse—Portland, Oregon’s
Chamber of Commerce character-
{Continued on page 16)
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for control of

SHOCK ond VIBRATION

They're YOUR designers - but WE pay them.

You don’t have shock and vibration t
problems every day — but when you do, ] ‘ .
you want them solved promptly. So you '
want the practical experience of men
who’ve been spending all their time in
this highly specialized engineering —
men who have most likely met and suc-
cessfully answered questions just like the

ones that are bothering you. These men “PRODUCTION FAZILITIES include such
3 p B modern equipment as tait 100 KVA spot wzider,
are Barry englneers ready and ab]e accurately timed ‘ar welding aluminum.

to analyze your shock and vibration prob-
lems, backed by a laboratory staffed and
equipped to preve their solutions, and
served by model shops geared to produce
your prototypes whenever you need them.

You'll savetime, money, and trouble
by using our design and prototype serv-
ice. Write today for Bulletin DP-54
“This is Barry”. '

LAB-TESTING the performance of Barrymounts
protecting delicate electrenic equipmenf.

707 PLEASANT STREET
WATERTOWN 72, MASS.

SALES REPRESENTATIVES IN ALL PRINCIPAL CITIES

“



INDUSTRY REPORT—Continued

ized the state’s electronies business
as a sleeper industry. It reports
that the industry there has in-
creased 25 percent since 1952 and
that employment now totals 1,000
for the state. Sales made out of
the state uccount for 90 percent of
total volume.

In 1953, gross sales totalled $8.6
million and plant space stood at
200,000 sq ft for the 14 concerns
that muake electronic components
and end products in the stute. Ten
vears ago, the report states, only
two of the 14 firms were in busi-
ness. In 1949, seven companies
then in business did $1.8 million in
gross sales.

Currently, two companies in Ore-
gon’s electronics industry employ
over 350 workers, two over 50 and
five under 25 people. More than
100 engineers and technicians are
employed by these firms.

» WESCON—Further indication of
the continued growth is the gain
made by the Western Electronic
Show and Convention. In 1947, ex-
hibitors in the show numbered 50.
Last yeur 370 booths were taken
and it is expected that the August
show in Los Angeles will fill more
than 465 booths. Attendance is ex-
pected to reach 20,000.

Company Combats
Selenium Shortage

SuppLY situation in  selenium
(ELECTRONICS, p. &, May, 1954) has
caused Sarkes Tarzian to request
servicemen to turn in used recti-
fiers to its distributors. They, in
turn, have been asked to send them
to the company by truck, transpor-
tation collect, for credit at the rate
of 2.5 cents for those rated at 65
to 150 ma and 5 cents each on recti-
fiers rated at 200 ma or more.

According to the company, co-
operation is vitally needed to insure
a continuous supply of replacement
rectifiers. A reduction in produc-
tion would lead to either rationing
or the requirement that a replaced
rectifier be supplied for each new
one purchased.
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Manufacturers Break Down Sales

SOME manufacturers in the elec-
tronies field have indicated the im-
portance of their various types of
products or lines of business in
relation to total sales. Following are
1953 percentages of eight com-
panies.

Percent

Of Total
Company Product or Business Sales
GE (Est) Affiliated & Foreign 20
1953 Sales, Apparatus 20
$3.1 billion Industrial Products & Lamps 20
Appliance & Electronic 20
Defense Products 20

IT&T 1953 Sales, Sales From U. S. Manufacturing 43.8

$362.1 million Sales From Manufacturing Abroad 56.2

Motorola Television 45
Commaunications Produets 25
Auto Radio 18
Home And Iortable Radio 12

RCA RCA Victor, RCA Labs &

1953 Sales, RCA International 75.6

$853.0 million NBC 20.6
RCA Communications 2.1
Radiomarine Corp. 2.2
RCA Institutes 0.1
Less Intercompany transactions 0.6

Texas Instruments Engineering, Development &

1953 Sales, Manufacturing 60.4

$27.9 million Geophysical Subsidiaries 32.3
Supply Co. Subsidiaries 7.2

Varian Associates Research, Development &

1953 Sales, Engineering Services 39

$5.1 million Klystrons, electronie systems &
Components 61

Western Electric  Sales To Bell Telephone 67

(Est) 1953 Sales, Defense Sales

$1.5 billion (82 percent clectronie) 29

Westinghiouse Apparatus & General

1953 Sales, Industrial 50

$1.6 billion Consumer 26
Defense 24

» Companies—There is little basis
for comparison between the various
firm’s listed in the table but trends
for three companies are indicated.

At a recent GE stockholders
meeting, it was indicated that a
few years ago it had set up the
five product groups listed so that
each would be roughly equivalent
in size. It was stated that the four
domestic groups, in general, had
maintained the breakdown. In 1953,
sales increased in all major product
groups and leading increases were
in electronics and appliances.

For RCA, shipments to the armed
forces accounted for 19 percent of
total sales in 1953 and 24 percent
in the first quarter of this year.
The products and services sold by
RCA Victor, RCA Labs and RCA
International totaled $645.1 million
in 1953, an increase of 27 percent
over 1952. As a result, the divi-
sion’s percentage of total sales
jumped from 73.1 to 75.6 in 1953,

Although sales of NBC increased
by 8 percent in 1953, its share of
total sales dropped from 23.4 per-
cent in 1952 to 20.6 percent last
vear. Its income was made up of
80 percent tv revenues and 20 per-
cent radio. RCA Communications’
share also dropped slightly in 1953
from 2.5 percent to 2.1. The Radio-
marine Corp., however, increased
its share from 1.7 to 2.2 percent.
Its sales increased 57 percent from
$11.8 million in 1952 to $18.6 mil-
lion last year. RCA Institutes sales
increased from $742,000 in 1952
to $960,000 in 1953 and thus main-
tained the 1952 percentage of total
sales at 0.1 percent. RCA reported
that tv has accounted for 50 per-
cent of its total volume of business
over the past seven years and
reached 54 percent in 1953.

» Changes—Varying pattern in
product groups was also evident
from Westinghouse figures. Per-
centage of total sales accounted for
by apparatus and general industrial
products dropped from 53 percent
1952 to 50 percent in 1953. Con-
sumer products percentage in-
creased during the period from 23
to 26 percent. Defense sales con-
tinued to account for 24 percent.

Phototube Makers
Study Market Changes

5 PHOTOTUBE SALES GAIN

(Est)

1950 1951 1952 1953 1954

MANUFACTURERS of phototubes have
enjoyed constantly rising sales since
the end of World War II and ex-

(Continucd on page 20)
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Standard VARIAC® continuously-adjustable transformers can be operated

at line frequencies from 50 to 400 cycles. The new “M” Series are designed

for use at frequencies between 350 and 1200 cycles. R

Their design is entirely new. They are electrically the high-frequency
equivalents of the popular Types V-2 and V-5 units, but are much smaller and lighter than

the low-frequency models. At 400 cycles regulation obtained with the “M” units is considerably better

than that of the 60-cycle “V”s when operated at 400 cycles. Design and operating features include:

Cast aluminum construction . . . lighter and
even more rugged . . . will withstand vibration
tests of 10 to 55 cycles, 1/32 inch total
amplitude, 10 to 33 cycles, 1/16 total ampli-
tude. MIL-T-945A. Shock test of 1200 {t.-Ib.

Dynamically and statically balanced radiator

4 Excellent thermal conductivity between coil
and base, and between base and panel . . .
coils bear solidly through thin insulation
against cast aluminum base which has annular
panel bearing surface.

Two-ampere model M-2 has 400 turns of
wire, giving adequate resolution for many
computing and control operations,

Type M-2 $]5.50

Line Frequency

Exclusive DURATRAK contact surface f(a
protective armor against oxides) provides
extra factor of reliability under overload.
Instantaneous overloads of ten times normal
rating can be handled. Practically nc mainte-
nance required. Brush track shows no wear
after one million cycles of brush operation

Unit Brush construction
Wiring diagram on terminal board
Ganged assemblies designed for minimum

~ 350 to 1200 cps

Tye M-5 $22.50 &

volume. Coils are mounted back-to-back on a
single base for 2-gang assembly.

ALL VARIAC dials calibrated directly in
output voltage at nominal line voltage

Four corner mounting holes for ganging
and special mounting, in addition to three
mounting holes identical with standard
VARIACS

On special order, all units can be fungi-
cide-treated to meet military requirements.

350 to 1200 cps

8 i

Input Voltage: 115v 1 115v
Output Voltage: | 0to1350r0to 115 | 0 to 135 or 0 to 115
Rated Output Current 2 amperes { 5 amperes |
MB}I;:)UP I?Ilitep-lgo?:cizgtconn,ccz‘ion, only) 3 amperes ok
No-Load Loss at 400 cpc 3 watts 6 watts
Number of Turns on Winding 402 ] 293
D-C Resistance of Winding 6.6 ohms | | | 1.3 ohms
Driving Torque i 10-20 in-o0z. | 15-30 in.-oz.
Net Weight, Lbs. 1-7/8 3-1/4
3 APPROX__y
o | %]

Type M-5G 2 variac

Mounting Dimensions
Same as Type M-5
Querall Depths

Behind Panel are:
M-5G2: 5-1/32"" M-5G3: 7-27/32"

1vee M variaC AssemsLEs
]

Type Description | Price
M-2G2 2-Gang Type M-2 | $35.00
M-2G3 3-Gang Type M-2 52.50
M-5G2 2-Gang Type M-5 49.00
M-5G3 3-Gang Type M-5 73.50
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BEHING PANEL”
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3 2 275 Massachusetts Avenue, Cambridge 39, Massachusetts, U.S. A.
% 1’ " 90 West Si. NEW YORK & 920 S. Michigan Ave. CHICAGO 3 1000 N. Seward St. LOS ANGELES 30

Type M-2G3 FVariac

Mounting Dimensions Same as Type M-2
Overall Depths Behind Panel are:
M-2G2: 4-7/8" M-2G3: 7-5/8"



PLATE YOLTAGE MAXIMUM

PERMISSIBLE HEATER
YOLTAGE RANGE

PLATE DISSIPATION

HIGH TEMPERATURE LIFE

1 HOUR STABILITY

100 HOUR SURVIVAL

HEATER CYCLING

MEDIAN CONTROLS

HERE ARE MORE REASORS WHY RAYTHEOH
SUBMINIATURE TUBES ARE S RELIABLE:
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A FEW TYPICAL RAYTHEON SUBMINIATURE TUBES

27 5v
165v

CK57C3wWA CK5784WA

200v
165v

+10% +13%
+ 5% + 3%

RAYTHEON | 200°
COMPETITIVE TYPE 175°C

RAYTHEON YES
COMPETITIVE TYPE

RAYTHEON
COMPETITIVE TYPE

RAYTHEON
COMPETITIVE TYPE

i

RAYTHEON
COMPETITIVE TYPE ‘

Yy

RAYTHEON MANUFACTURING COMPANY

RAYTHEON MAKES ALl THESE:
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INDUSTRY REPORT—Continued

pect the trend to continue in 1954.
With the phototransistor now on
the scene, phototube makers are
taking another look at the business.

» Volume—As shown in the chart,
sales of the units have risen at an
annual rate of approximately 100,-
000 units in the past four years and
if the rate holds for this year total
unit sales will be brought up to
800,000 units.

The steady increase has occurred
despite a sizable drop in sales to
the government. Last year, only
about 12,000 units were sold to the
U. S. In 1952, such sales were
40.000, 85,000 in 1951 and 37,000
in 1950. However, sales to equip-
ment manufacturers have evidently
risen more than enough to take up
the slack in government sales.

» Transistors—About four com-
panies have phototransistors com-
mercially available and others plan
to make them. Already, units are
being made for use in auto head-
light dimmers. Their small size is
seen as making the units more
easily adaptable to many of the
present applications of regular-size
phototubes.

» New Markets—Multiplier photo-
tubes used in nuclear instruments
and other applications have been
responsible for a substantial part
of increased phototube business and
manufacturers are increasing sales
efforts on the product. Du Mont
recently opened two new sales offi-
ces to specialize in multiplier pho-
totube sales.

Companies are also bringing out
new phototube types in response to
market demands. Ten-stage multi-
plier phototubes have been intro-
duced for use in the nuclear field
and other new types have been
made for use in headlight dimmer
applications.

A new photocell that uses germa-
nium linked to a button of indium
is reported to be extra sensitive
particularly to infrared radiation
and so potentially useful in heat
regulation. About # inch in diam-
eter and & inch long, the cell is
reported to be more responsive to
light than vacuum photocells a
hundred times larger.

20

Firms Weigh Machinery Expense

New products mean additional
investments in machinery and
equipment for the industry

INVESTMENTS by electronic manu-
facturers in new machinery and
equipment have steadily increased
in the past few years. As shown
in the chart, an estimated $97.5
million was spent for that purpose
in 1953. In 1952, according to the
Bureau of Census, a total of $85.5
million was spent representing 65
percent of total capital expendi-
tures.

» Why—Constant stream of new
products that move from the lab-
oratory to mass production in the
factory require, in most cases, a
sizable investment by the industry.
This is especially true for tube
manufacturers. Bigger picture
tubes, aluminizing, mass produced
transistors and diodes and now
color tv tubes have all necessitated
large machinery expenditures.

However, not all new products
require new equipment. Much tube
machinery now used for black-and-
white picture tube production, for
example, is usable for color tube
output. One reason why some color
tubes may use metal envelopes is
so that manufacturers can utilize
metal envelope machinery that has
been used for black-and-white tube
output.

» Business — According to tube
machinery makers, demand and in-
quiries for machinery used to manu-
facture transistors and diodes
seems to be heaviest so far this
vear. Vacuum equipment manufac-
turers also report that demand is
shaping up for color tube equip-
ment and they expect substantially
increased business this vear as a
result.

Some machinery firms catering
to the electronics industry say that
they note some hesitancy so far
this year on the part of manufac-
turers to invest in the diode and
transistor machinery field because
of possible further product design
changes that are in the wind. How-

COMMUNICATION EQUIPMENT FIRMS
SPENDING FOR NEW MACHINERY £, EQUIPMENT
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ever machinery makers are not too
concerned and expect their volume
of business in 1954 will equal that
of last year.

TV Antennas Invade
Mass Sales Field

Better Business Bureau scores
indoor performance claims
after product tests

LATEST flurry to hit the tv antenna
business industry is a new influx
of competition from the indoor tv
antenna field. Midget tv antennas
are now on sale at dime stores at a
retail price of a little over one
dollar. Some of them purport to
eliminate inside and some outside
antennas.

» Claims—According to the New
York Better Business Bureau, some
miniature indoor antennas have also
been advertised as able to outper-
form all others and eliminate ghosts
and snow. The Bureau made per-
formance tests of some of them
and found that they could not claim
better reception on all channels.

It found that no present type of
indoor antenna, including the mini-
ature type, could legitimately make
any claim of outperforming all
others or of outperforming roof
antennas, since performance var-
ies with different channels and lo-

cations. It recommended that all
(Continued on page 22)
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INDUSTRY REPORT—Continued

performance claims be limited to
provable facts. Questionable claims
were discontinued when the Bu-
reau’s findings were made known.

» FTC—The proposed FTC rules
for the tv industry cover the an-
tenna business.

As now proposed, they provide
that it is an unfair trade practice to
make the unqualified general repre-
sentation that tv receiving sets
equipped with built-in or indoor an-

tennas will perform as satisfac-
torily as if they were equipped
with outdoor antennas when such
is not the fact. When the repre-
sentation is true only in a limited
number of locations or within a
certain radius of tv stations, or
only under specifically favorable
conditions, or under other perform-
ance limitations, it is unfair trade
practice under the rule to fail to
make clear and plain disclosures of
such limitations.

British Electronics Sets Records

Domestic and foreign sales of
electronics products in 1953
reached new high

AN OUTSTANDING production job
wus done in 1953 by Britain’s elec-
tronic industry.

Although the most marked in-
crease was in the output of tv re-
ceivers, up 35 percent compared to
1952, from 785,000 to 1.1 million
units, radio dropped from 1.4 mil-
lion to 1.1 million sets.

» Export—Of the total British pro-
duction in 1953 of radios and radio-
phono combinations, approximately
75 percent was sold to the home
market and 25 percent overseas.
For tv all but about 7,000 sets were
sold in the home market. The 7,000
exported set a record for the indus-
try.

Overseus sales of electronic equip-
ment represent about 25 percent of
the total exports of British electri-
cal goods. Of the total $71.9 million,
transmitter and radio communica-
tion products group head the list,
as in 1952, with exports worth
nearly half the total. Components
account for just over $22 million,
radio and tv receivers $12.8 million,
and tubes $6.1 million.

» Where—In 1953, India was the
principal customer for British com-
ponents, as it was in 1952, account-
ing for $1.8 million of the $22.1 mil-
lion total. Australia followed with
$1.6 million and the U.S. moved up
to third place buying $1.4 million
worth of components. Overseas
sales of record changers and other
phonograph parts reached $5.8 mil-
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lion and tape recorder exports

neared the $1 million mark. Princi-
pal markets for these products were
the U. S. and Australia followed by
South Africa, Sweden, Belgium and
New Zealand. The largest buyer of
loudspeakers and microphones was
Canada, followed by South Africa,
Belgium, U. 8., Netherlands, Aus-
tralia and India.

» Show—A look at what the elec-
tronics industry has available prod-
uct-wise this year was given at the
British Radio Component Show held
in London in April. The show em-
phasized tubes and parts designed
to operate in the vhf bands because
of the possible introduction of com-
mercial tv in the near future and
extension of BBC f-m sound broad-
casting. It is reported that the ini-
tial commercial tv stations will op-
erate around 200 mc and the f-m
stations around 100 me.

Microwave to Aid

Wired TV

AFTER two-year delay, a community
antenna outfit in Poplar Bluff, Mo.
has been given permission to build
the microwave relay system needed
to extend service by picking up tv
broadcasts from stations in Mem-
phis, Tenn. With this grant, the
first to any but the Bell System,
community-type operators are scur-
rying to prepare applications for
other microwave links.

» Broad Horizon—Formerly lim-
ited to whatever stations they could
pick up on a hill and pipe down into
town, the operators sometimes had
several programs available, often
only one and that one poor. With
microwave links, they can now ex-
tend their pickup range by receiv-
ing the desired broadcast several
mountains away and relaying to the
local wired system.

Similar service, fed by Bell Sys-
tem relays to Casper, Wyoming and
Reno, Nevada has already proved
successful. The new non-Bell com-
mon carrier system will start with
two relay points and provide one
channel using a carrier frequency
of 6,000 mc. Rates are set at $2,500
a month for each community sys-
tem. Organizers of the new enter-
prise figure the original outlay will
come to $143,000 for the particular
system proposed.

Financial Roundup

PrROFIT reports in the first quarter
of 1954 for companies in the elec-
tronics field indicate that, despite
sales declines in some cases, many
manufacturers  experienced in-
creased net income.

According to the National City
Bank of New York, the net income
after taxes of 20 companies in the
radio, tv and electrical equipment
field totaled $83.8 million in the first
three months of this year, a 35-per-
cent increcase over income in the
first quarter of 1953 and a 4-percent
increase over that of the fourth

(Continued on page 24)
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INDUSTRIAL REMOTE CONTROL SYSTEMS
CAN GREATLY REDUCE YOUR OPERATING COSTS

Hammarlund equipment PETROLEUM REFINING
centralizes control, PIPE LINE OPERATIONS
Ups man-h(]l]r Output! CHEMICAL PROCESSING

A careful review of operations within your plant may dis- PUBLIC UTILITY OPERATIONS
close the fact that a variety of functions are inefficiently

handled manually . .. turning “off” and “on” valves,

switches, or operating other controls at remote points. AIRCRAFT COMMUNICATIONS
Perhaps the persons performing these functions do so

only after receiving telephoned orders from a central RAILROAD OPERATIONS

dispatch point, and otherwise have little else to do.

Shift these men to mocre worthwhile activities. Their
former duties can be handled direct from the central con- | = 2 i E‘i
trol point by use of highly-relidble Hammarlund remote y : 1
control equipment. This all-electronic system requires
only one telephone circuit (or microwave-or radio circuit)
to each remote point for complete control and metering
of all your required operations.

Refineries, pipelines, utilities, railroads and other indus-
trial organizations who have need for centralized control
of their wide-spread operations are finding that Hammar-

lund has a remote control system to fulfill their needs. Aircraft
These systems are now in operation by many progressing Communications Control
industries — a listing is available on request.

Two basic factors? Fgrefully pre-dgtgr‘mined for.t}%e Multi-Gate®
equipment, were flexibility and versatility. Because it is Industrial Control

designed on the building-block principle, using standard
service-proven sections in the most efficient combina-
tions, great flexibility has been achieved. For all practical
purposes, each customer gets a custom engineered instal-

lation at a standard system cost. Duplex
Signaling Unit

Fill out and send the coupon below, or write immediately
for detailed information on how you can cut your operat-
ing costs by using Hammarlund Remote Control and Sig-
naling Equipment. If you send a brief description of your
requirements, Hammarlund engineers will analyze them

and suggest the most efficient system. No obligation, Alarm System

of course.
r ———————————————— ——
| Hammarlund Company
E_{I Am] m] Am lw] m @ | 460 W. 34th St., New York City
. | Please send me detailed literature describing your
. | Industrial Remote Control Systems.
Since 1910 | [ | am sending a brief description of my requirements.
THE HAMMARLUND MFG. CO., INC. | Nome
460 W. 34th St., New York 1, N. Y. } Title_
‘Midwest Sales Office: 605 No. Michigan, Chicago 11, IIl. ] Company.
Export Office: 13 East 40th St., New York, N. Y. | Address
t
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INDUSTRY REPORT—Continued

quarter of last year.

A number of factors are seen as
being responsible for the increases.
Chief among them is the expiration
of the excess profits tax at the end
of 1953 which imposed taxes at the
rate of 82 percent on income defined
as “excess”. Now corporate income
is taxed at a rate of 52 percent.

Following are the profit reports
of 19 companies in the electronics
field. The notation 6m refers to
first quarter and last quarter figures
for the past years indicated. Com-
panies reporting annual profits for
1953 compared to 1952 are listed
separately.

Company 1954 1953
Air Associates 6m... $184,452 *$202,000
Burroughs 3m .... .. 2,315,995 2,525,081
Clevite 3m ........ 941,115 932,785
101 3M wnelia's - rei. i 48,029,000 33,849,000
\W. L., Maxson 6m... 659,412 412,960
RCA 3m .......... 10,066,000 9,293,000
Servomechanisms 3m 180,137  ......
Stewart Warner 3m. 801.469 1,076,344

Stromberg Carlson 3m 571,553  .....
Sylvania 3m 2,121,487 2,773,243
\Vehster Chicago 3m 205,945 184,773

Zenith 3m ........ 827,521 2,109,461
Company 1953 1952
Consolidated Eng. .. $510,406 $501,511
Electronic Eng. .... 28,400 19,100
Radio Condenser ... 382,002 525,916
Servomechanisms ... 305,089  ......
Standard Coil ...... 2,972,481 2,861,290
Telecomputing ..... 43,622 . .....
Traw-ler” zeos s s oopes 412,000 291,000
* Loss.

» Filings—Electronic  Associates

of Long Branch, N. J, filed with
SEC covering 7,500 shares of com-
mon stock (par $1) to be offered by
subscription to stockholders of
record in May at $18.50 per share
on the basis of one new share for
each 15 shares held. Proceeds are
to be added to working capital.

I-T-E Circuit Breaker offered
100,000 shares of preferred stock,
$50 par. Proceeds are to be added
to general funds and will be avail-
able for general corporate purposes
to reduce bank loans.

Wired Radio Extends
A-M Broadcasting

OF 2,600 a-m radio stations in the
United States, 800 operate during
daylight hours only and of these,
some 530 serve communities with-
out other strong signals. Reason
for closing at sundown is that skv-
wave signals after dark reach out
to great distances and would cause
bad interference. There just aren’t

24

enough a-m frequencies to allow
full-time operation for all.

» Money Gimmick — Since the
night-time hours are the favored
moments that bring in fattest rev-
enue, day-only operators (who have
organized into Daytime Broadcast-
ers Association) have long hank-
ered for a means of getting in on
the bigger money. They now have
a trick to do the job.

Curt Plummer, head of the FCC
Broadeast Bureau, has held discus-
sion with the association on con-
necting the transmitters to local
power lines and feeding programs
into receivers. While neither for
nor against the scheme, the Com-
mission is willing to let the broad-
casters experiment for a year or
so under controlled conditions, pro-
vided their signals don’t escape
from the wires.

» Cleveland Project—The idea is
not new, having been tried abroad

in Italy and elsewhere. It is also
used, in modified form, by many a
college campus system. Twenty-five
years ago, it was tried in Cleveland
by Wired Radio, Inc., but failed to
pay because of its economic aspects.
At that time, the plan was for the
power company to furnish programs
over its own lines, but the cost of
suitable receivers proved too high.

Phonograph Makers
Size Up 1954

Business was up last year com-
pared to 1952 and is expected
to remain there

ACCORDING to most phonograph pro-
ducers, sales in 1953 were up from
10 to 20 percent over 1952 totals.

Bureau of Census figures for 1953

place total turntable shipments of
(Continued on page 26)

Tubes Sell Tyrannosaurus

Using 125 high-gain audio amplifiers as portable receiving units, an audio-
frequency broadcasting system, installed at the American Museum of Natural

History in New York, gives visitors a conducted tour of exhibits.

Record

players feed descriptive talks to loops around five exhibition halls. An
inductor in the input of the amplifier unit carried by the visitor picks up the

a-f signal from the loops.

Reaction of public will determine whether the

system, installed by the Electro-sonic Corp., will be expanded to other

sections of the museum

www americanradiohistorv com
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¢, 100, are interested

in intelligent cost reduction!
m) —for example, this new

:"“‘/ General Ceramics

LINE OF SLOTTED
ROUND LEG TV FLYBACK
TRANSFORMER CORES

~drastically
reduce TV
power supply B
~~~~~ | cosis!

and here’s why —

®* CORES ARE LOWER PRICED ) 1
* FASTER, LOWER COST ASSEMBLY

®* FEWER INSULATION PROBLEMS

*NO SHARP CORNERS, CLOSE COIL FIT
* BETTER ELECTRICAL DESIGN POSSIBLE
* STANDARDIZED TYPES AND SIZES

General Ceramics research and engineering is geared
to pace the industry with advanced designs, perfected
to the highest possible degree, produced at absolute
minimum cost. Introduction by General Ceramics of
round leg transformer ccres brings these objectives into
sharp focus. Thoroughly engineered, field tested and
proven, they have earned the immediate acceptance of
leading TV manufacturers. Case histories prove the new
cores make better TV flyback power supply units pos-
sible at substantially reduced cost. Why not request
the facts today?

THESE STANDARD ) )
CORES ARE NOT CORE TYPE TV PICTURE SIZE

JUST “PARTS"— ”
EACH IS PRECISE- F465 17”7 ECONOMY MODELS

LY ENGINEERED ’”

Eo RN HNEE L F492 21”7 ECONOMY MODELS

CIENCY IN THE FA10 21" THRU 27" MODELS
FOLLOWING AP-

PLICATIONS: L F456 COLOR SETS 3

i(AMICS (ONPORA'IN Telephone VA”eY 6.5]00
GENERAL OFFICES and PLANT: KEASBEY, NEW JERSEY

e y CERAMICS CORPORATION

MAKERS OF STEATITE, ALUMINA, ZIRCON, PORCELAIN, SOLDERSEAL TERMINALS, LIGHT DUTY REFRACTORIES, CHEMICAL STONEWARE, [MPERVIOUS GRAPHITE, FERRAMIC MAGNETIC CORES

ELECTRONICS — June, 1954 25

www americanradiohistorv com



INDUSTRY REPORT— Continued

all types at over 2.9-million units
last vear. In 1952, 1.8-million
turntables were shipped by the in-
dustry.

» Breakdown—Key to models in-
volved is the Census breakdown of
total shipments in 1953. Largest
shipments were made of record
player units. Over 1.6 million were
produced. Accenting the hi-fi trend,
1.0 million of these units were for
installation in combination and cus-
tom built sets. The remaining 625,
000 were plug-in types complete
with case for playing through ra-
dio and tv sets.

Radio - phonograph - tv combina-
tion models represented the smali-
est market for phonographs in
1953 when only 222,000 were
shipped by the industry.

The mechanical or accoustical
phonograph with spring or electric
motors, was second largest in ship-
ments in 1953 with 709,000 units.

Electronic phonographs, or those
with tube amplifiers were the fourth
largest shipments in 1953. Coin-
operated juke boxes accounted for
61,000 of the total.

» IFuture—Phonograph manufac-
turers have felt the effect of the
buyvers market since last fall like
most other manufacturers. As a
result, price has been a factor not
only for the end-product manufac-
turer but for component makers as
well.  The industry, as a result,
has pressed for lower priced and
improved components for its prod-
ucts. To meet this demand, GE
recently conducted a survey to see
if better tubes could not be de-
signed and built for phonograph
manufacturers at a price to meet
their requirements. They found
that specific tubes for phonographs
would be out of step pricewise, at
least for the present.

Credit

EXPLANATION and description of
the cover photograph of the May
1954 issue of ELECTRONICS omitted
mention of the Philco Corp., whose
engineers developed the jet-etching
technique for surface-barrier trans-
istors and in whose laboratories
the photograph was taken.
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JUNE 13-18: ASTM 57th An
nual Meeting, Hotels Sherman
and Morrison, Chicago, Ill.

JUNE 16-18: High Vacuum Sym-
posium, Committce on Vae-
uum Techniques, Berkeley
Carteret Hotel, Asbury Park,
N. J.

JUNE 21-25: Summer and Pacifie
General Meeting, AIEE, Hotel
Biltmore, Los Angeles.

JUNE 23-25: First Symposium
on Global Communications,
IRE, Washington, D. C.

JUNE 29-JuLy 3: International
Conference on Semicondue-
tors, Netherlands Physical
Society and UNESCO, Am-
sterdam, Netherlands.

JULY 6-9, 1954: International
Conference on Electron Mi-
croscopy, Joint Commission
on Electron Microscopy of In-
ternational Council of Scien-
tific Unions, London. England.

JurLy 8-12: British IRE 1954
Convention, Christ Churech,
Oxford, England.

AUG. 24-SEPT. 4: National Ra-
dio Show of Great Britain,
Earls Court, London, Ing-
land.

Avuc. 25-27: 1954 Western Elec-
tronic Show & Convention,
Los Angeles, Calif.

SEPT. 1-16: Golden Jubilee
Meeting of the International
Electrotechnical Commission,
University of Pennsylvania,
Philadelphia, Pa.

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

MEETINGS

16-18: Joint Electron
Tube Engineering Council,
General Conference, Chal-
fonte-Haddon Hall, Atlantic
City, N. J.

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

SEPT. 30-Oct. 2, 1954: Second
Annual International Sight
and Sound Exposition, Pal-
mer House Hotel, Chicago, Ill.

OcT. 4-6: National Electronics
Conference, Hotel Sherman,
Chieago.

OcrT. 6-7: First Annual National
Conference, IRE Professional
Group on Nuclear Science,
Sherman Hotel, Chicago, Il

Oct. 14-17: Sixth Annual Con-
vention of the Audio Engi-
neering Society, Audio Fair,
Hotel New Yorker, New York.

Ocr. 18-20: Radio Fall Meeting,
Hotel Syracuse, Syracuse,
N. Y.

Nov. 4-5: East Coast Confer-
erence on Airborne and Navi-
gational Electronics, IRE,
Sheraton-Belvedere Hotel,
Baltimore, Md.

Nov, 10-11: Conference on
Electronic Instrumentation
and Nucleonies in Medicine,
Morrison Hotel, Chicago, Ill.

Nov. 12-13: National Sym-
posium on Quality Control
Methods In Electronies, IRE
and American Society for
Quality Control, Hotel Statler,
New York, N. Y.

Nov. 18-19: Sixth Annual Elec-
tronics Conference, Kansas
City IRE, Hotel President,
Kansas City, Mo.

SEPT.

Industry Shorts

» Automobile clubs have been as-
signed exclusive use of 452.55 and
457.55 me and public garages 35.70
and 35.98 mc for mobile radio oper-
ation. In localities where both 450-
me frequencies have been assigned,
clubs can be assigned the 35-mec
channels.

» Production of radio and tv re-
ceivers in Germany reached 205,884
in January and 214,393 in February
compared to a 1953 monthly average
of 203,004,

» Manufacturers’ cost for ma-
terials (glass envelope, screen and
mask, electron gun) is estimated
to be approximately $72 for the
new 19-in. Du Mont color picture
tube.

» Educational tv station will be
established in Puerto Rico by the
Department of Education with an
appropriation of $600,000.

» NIKE missile and control sys-
tems have more than 1.5 million in-
dividual parts produced by several
hundred contractors in more than
20 States.

» Raydist crews flew 30,000 miles
to electronically survey the test
range for Pacific bomb tests.

» Television sets in operation in
Puerto Rico total over 8,000 and are
expected to increase to over 50,000
by the end of 1954.

® Radar fire control systems pro-
duced by Hughes since 1945 total
over 5,000.
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Current transformer test bench in the meter ™
laboratory . . . one of the installations by
Standard at Commonwealth Edison Co., Chicago, Ill.

Test benches and control and distribution Rotating and indicating standards test benches
panels. with test lead storage cabinets at each end. benches.

General purpose standardizing ard test

Test table with Wheatstone Bridge and
Potentiometer.

F‘LEXLA by STANDARD is the hallmark of leadership

in custom designed and custom built Test Panels and Benches,
Control Panels, Distribution Panels and Pipeline Network
Analyzers ... You will find yourself in the best of company when
you have STANDARD design and build your next panel installa-
tion ... Consultation without obligation.

p ELECTRIC

Springﬁeld 2, Mass.

THE

\
|
|
STANDARD ELECTRIC |
TIME COMPANY | o ——
\
|
|
\
!

i‘eose Selld me ‘\Ex‘ob COKO\Og NO l87

Firm//
Stree'//

Stote—————

97 Logan St. e Springfield 2, Mass.

SEND TODAY!

cny,/—//
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ARE YOU READY FOR

¢ ;
(et eariteed

Core Performance?

B
Are you ready for a revolutionary concept to mect your specifications, and sold at
in the electrical and electronic industry— standard prices, these Cores mean truly
the Magnetics, Inc. “Performance-Guar- economical production of high permea-
antee” on Tape Wound Cores. Guaranteed bility magnetic devices in your plant.

GET THE COMPLETE STORY

A wealth of new and unusual material on Tape Wound Cores
is available to you in Catalog TWC-100, “Performance-Guaran-
teed Tape Wound Cores.” Tables A and B of the catalog, repro-
duced on this page, present a striking illustration’ of material
not to be found compiled together elsewhere.

TABLE A
BASIC PHYSICA!
COMMON MAG

L CONSTANTS OF n
NETIC MATERIALS n
Dens.
sFa|'\:jx' | Re_sistivity Cu!:‘(: Grpa::s
Grain  Density MIC(I)([)]:\H\- g:c er U
Tade & g’; Other Structure Gausses

Name NI =
#gandom”’ 8,700 57 420 n

e .
e — 3 . . . " .
Wy Mugo 79 17 4Mo L 16,000 85 500 Data and descriptive details on high permeability materials . . .

0 825 . ; : .
48 Alloy ‘;% ?,f, " oriented 1%%%% ﬁ 3%0 165 n factory core matching . . . free engineering design services . .
m:?‘z:n 97 38i oriented 20, pages of characteristic graphs and tables . . . are yours for the
] asking. Simply write on your company letterhead.
BLE B LS
TA TRADE NAMES OF SIMILAR MATERIA 1
80 48 Alloy Orthono! __ﬂg‘fs"’ _
My iy i meo Oriented T
lloy Carpenter 43 onhom:“ a[ypersi‘ n
?v-|7gPP::n[:?l°y Allegheny 4750 Eezt";:en[ax Orthosil
“pe f : ‘
M(:J Metal® Hypernik Hypernik v Stlectron n

Typtcal of the unusual scope of the material contained
in Catalog TWC-100 are Tables A and B, reproduced from

Page 4 of “Performance.-Guaranteed Tape Wound Cores.” DEPT. E-7, BUTLER, PENNSYLVANIA
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JUST A MATTER
OF CONTROL

LORD ENGINEERING

CONTROLS VIBRATION

s g anywhere./

The difference between a good product and a
better one is often just A Matter Of Control-—con-
trol of vibration and shock which may be damaging
your product. Pioneers in solving vibration problems

for many industries, Lord Manufacturing Company

is well qualified to assure you of better performance

from your products through the use of Lord Vibra-
tion Control Mountings and Bonded-Rubber Parts.

Our Engineers will be pleased to help you in the

analysis of the vibration which may damage your

product and in the selection of the correct method of

control. Lord Engineering means Materials Research
—Engineering Research—Product Design—Manu-
facturing Know-How for your application.

Over 27,000 designs and their variations
from which to choose.

LOS ANGELES 28, CALIFORNIA DALLAS, TEXAS PHILADELPHIA 7, PENNSYLVANIA DAYTON 2, OHID

7046 Hollywood Blvd. 313 Fidelity Union 725 Widener Building 410 West First Street
Life Building

DETROIT 2, MICHIGAN NEW YORK 16, NEW YORK CHICAGO 11, ILLINOIS CLEVELAND 15, OHIO

211 Curtis Building 280 Madison Avenue 520 N. Michigan Ave. 811 Hanna Building

LORD MANUFACTURING COMPANY « ERIE, PA.

/%ﬂﬂ/ aarfem‘ féz’
\/mmmon CONTROL

FOR 30 YEARS

Here is one example of Lord Engineering on sen-
sitive business machines. The Burroughs Sensi-
matic Accounting Machine is supported on LORD
Mountings to reduce noise and cushion shock.

(LomD)

Sonoen aueet
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A career in

Designers for Industry, Inc. is helping many
well-known electronics manufacturers meet the “challenge
of change™ by providing a pool of technical talent unsurpassed
by any product development organization.

Our 180-man engineering organization not only generates
product ideas. We are also equipped, by experience and facili-
ties, to carry the project through its various stages of develop-
ment to a final, tested, pre-production model.

In fhe EIeCfroniCS )cleld, the DFT organization has
built a particularly strong background m miniaturization and
modular construction techniques. Some of the many types of
development projects we handle are listed below.

Opportunities for unlimited advancement

are available at DFIL for engineers who have proven records
i electronics, clectrical, electromechanical, hydraulic and
mechanical engineering. Write for further information regard-
ing opportunities in creative engineering work at DFI, as well

as DFI emplovee benefits.

DF! development

work in electronics

includes:

COMMUNICATIONS

VHE, UHF, and IIF Receivers

Television Receivers

VHF and UHF Transmitters

Microwave Systems

Mobile and Specialized
Military Equipment

MISSILE GUIDANCE

Systems
Servomechanisms

RADAR
Circuitry

Servo Systems
Display Systems
Mechanisms
Beacons
Systems

Fire Control

CONTROLS

Electromechanical
Servomechaimsms

COMPUTERS

Test Equipment
Systemns Planning
Circuitry
Servomechanisms
Intricate High-speed
Mechanisins

COMPONENT PARTS

Mechanisms
Evaluation Programs
Special Components

PLANNEp

DESIGNERS FOR INDUSTRY, Inc. Cmnfa

2915 Detroit Avenue CLEVELAND 13, OHIO
Incorporated 1935

PrRopucTS
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MODEL A-100

400 cycle 6 volt
Chopper

® o o for continuous operation
in a 200° ¢ ambient

This remarkable Class H adaptation of our
standard chopper is at no sacrifice to Airpax
quality. In fact operating frequency range is
enlarged to 360 to 440 cycles. Drive is 6.3
VAC, | watt. Residual noise less than 3 mv.
peak to peak at one megohm. Phase lag is 65°
between drive voltage and square wave output.

(AR

R Covers the full range of +200°C to —65°C.
Will withstand 10g vibration. Contacts SPDT,
MIDDLE RIVER BALTIMORE 20, MD. rated 100 V, 2 ma., max.
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GOODMANS S rSHAKERS

Just another of the wide
applications of Goodmans

Shakers

The range includes models from
the 8/600 shown, developing a force
of +300 1b., to the midget model,
with a force of +2 1b., for optical
cell research and hairspring torque
tesiingz, etc.

The flight characteristics of 2 newly designed aeroplane are the subject
of lengthy calculations before the first prototype is built. Whilst the
mathematicul calculations are themselves accurate, they are based, as in
all design work, on several assumptions which have to be verified by a
series of pre-flight tests.

One of these essential investigations is 1he Ground Resonance test,
the purpose of which is to determine the various complex modes of
vibration of the airframe structure. The frequency of the mode and
the dynamic response at remote parts of the aircraft must be aceurately
determined. The information obtained together with the aerodynamie
derivatives is used in predicting the critical ‘flutter’ speed of the air-
craft. The illustration shows one of the two Goodmans Model
8/600 Shakers which were used to excite the Handley Page
“Vietor® for this very important test.

For wide frequency range vibration testing and dynamic
response investigations, Goodmans Shakers are an obvious
choice. These units require no field excitarion and provide a
faithful reproduction of the input wave form. Industrial
applications of controlled vibration are continually increas-
ing; maybe it can serve you—in which case our unique
experience is at your service.

cemsennens MAIL THIS COUPON---

TO GOODMANS INDUSTRIES LIMITED
AXIOM WORKS, WEMBLEY, MIDDX., ENGLAND

Please mail me your catalogue and technical data sheets in connection
with your PERMANENT MAGNET Shakers.

iscansscenmARasEsananasannTanEa)

] U Y Sy —— GOODMANS INDUSTRIES LTD.
COMPANY . AXIOM WORKS « WEMBLEY « MIDDX * ENGLAND
arv...... . ZONE. ... .. STATE. ... ... ... .. E/U Cables: GOODAXIOM WEMBLEY, MIDDX.
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PROPERTY AND APPLICATION DATA ON THESE
VERSATILE ENGINEERING MATERIALS: “ZYTEL,”
“ALATHON," “TEFLON,” “‘LUCITE.”

—NO. 3

Properties of DuPont “Teflon”

1954

Make It

Ideal Insulation for Electrical Equipment

Du Pont “Zytel” nylon
gives i‘mpr()vcd switch
performance

Snap switches for machine tools and
basic contact mechanisms on indus-
trial instruments often have buttons
and stems molded of “Zytel” nylon.
This engincering material is used to
obtain more eflicient production and
better performance.

Du Pont “Zytel” is tough and re-
silient, and resists abrasion. [t makes
possible the maintenance of critical
dimensions. This is particularly im-
portant in the manufacture of such
parts as timing relays for resistance
welding machines, which control the
duration of current flow and clec-
trode motion.

These switches feature one-piece buttons and
stems of molded Du Pont “Zytel” nylon.

The lightness of weight and re-
markable strength of “Zytel” in thin
sections arc important factors in
such applications. Mass production
by injection molding is economical.
Onc molded part often replaces a
complex assembly ol many parts.

Perhaps “Zytel” nylon can help
solve one of your design problems.
For further information about this
or any other Du Pont engincering
resin material, clip and mail the cou-
pon on the reverse side.

“Zvtel” is the new trade-mark for
Du Pont nylon resin.

Dielectric and thermal advantages of “Teflon”

are unmatched by any other single material

Du Pont “Teflon” tetrafluorocthyl-
enc resin is used for insulation in
power distribution equipment  be-
cause of its unusual combination of
propertics. In tape form, as wire
coating, or molded part, “Teflon”
withstands hot-spot temperatures, to
SOO°F. It is not atlected by weather
or moisture (zero water absorption
by ASTM test D570-42). “Teflon”
has a power factor of less than
.0005 for the tested range of 60
cycles to 108 cycles. A part molded
of “Teflon”, when exposed to an
arc, leaves no carbonized path.

In addition, “Teflon” has high
short-time dielectric strength—with
values ranging from 1000 to 2000
volts per mil, depending on thick-
ness. (Recommended working
stresses: SO to 100 volts per mil.)
And it is inert to all chemicals nor-
mally found in industry.

“Teflon” is tough and flexible

WRAPPING TAPE

P

"Teflon’’ insulates
4 conductors for arma-
I ture or field. Its
toughness permits
coils to be formed to
shape affer taping.

COFPER CONDUCTOR

over a wide temperature range, from
—450°F. to 500°F. “Teflon” can
take a lot of abuse, both during as-
sembly and in use. Parts will not

www.americanradiohistorv.com
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Conductor and layer insulation of “Teflon”
in power distribution coils: (A) core insulating
barrier (laminate of “Teflon’’ and glass fiber);
(B) low-voltage winding (glass fiber coated
with “Teflon”); (C) axial spacers; (D) high-low
insulating barrier (Jaminate of “'Teflon” and
glass fiber); (E) radial spacers; (F) high-
voltage winding (glass fiber coated with
“Teflon’’).

crack if dropped. Cable insulation
resists damage from vibration and
bending. And tape of “Tetlon” con-
forms easily to sharp corners and
odd shapes.

You will find “Teflon” perform-
ing with outstanding success . . . not
only on power distribution cquip-
ment, but in these and other appli-
cations as well:

FOR MOTORS AND
GENERATORS

The unusual advantages of “Teflon”
become apparent when temperatures
are too high or atmospheres are too
corrosive for other dielectrics.
Tape of “Teflon” is particu-
larly suitable for armature or
(Continued, column 3, back side)




‘‘ALATHON," “TEFLON,” *“LUCITE.”

PROPERTY AND APPLICATION DATA ON THESE
VERSATILE ENGINEERING MATERIALS: “ZYTEL,”

NEWS

NO. 3

OINTERS ON
PROCESSING

Injection molding
is efficient and
economical

Injection molding, as a method of
mass-producing parts made of
Du Pont ¢ngineering resin materials,
has been developed mainly within
the past ten or fifteen years. And
new improved techniques have ac-
companied that development.

Investigate Du Pont
engineering malterials in your
product development programs

One of the family of these versatile
engineering materials is often a key
factor in product improvement or
new product design.

The wide range of properties avail-
able with “Alathon”* polyethylene
resin, ‘“‘Lucite”* acrylic resin,
“Teflon”* tetrafluoroethylene resin,
and “Zytel”* nylon resin are helping
solve industrial design problems.

NEED MORE INFORMATION ?

Clip the coupon for additional data
on the properties and applications of
these Du Pont engineering materials.

Polychemicals Department

Room 226, Du Pont Building, Wilmington 98, Delaware

Please send me more information on the Du Pont engineering inaterials checked :
O “Zyiel” nylon; [ “Alathon”; 7] “Teflon”; (] “Lucite”. I am interested in evalu-

ating these materials for

E. 1. DU PONT DE NEMOURS & CO. (INC.)

Injection molding offers the ad-
vantages of high production rates,
low unit cost, and usually does away
with finishing operations. One im-
portant saving which has been ef-
fected by injection molding occurs
when the molded piece replaces an
assembly of two, three or more parts.

HIGH PRODUCTION RATE

Multi-cavity dies have been made
which produce hundreds of identi-
cal pieces at a time. Molding time
and cycle vary, of course, with the
size of the part and its shape. The
injection molding process is versa-
tile, and is used to produce a wide
variety of quality parts, rapidly and
cconomically.

LOW UNIT COST

Another positive value of injection-
molded parts is the low cost of
fabrication per part. While the initial
cost of the mold itself is high, a
mass - production operation makes
the cost per piece low. In addition,
loss of molding material is generally
low.

NO FINISHING OPERATIONS

With good molding techniques, pieces
can be injection - molded to close
tolerances. In many cases, molded
pieces require no finishing opera-
tions. Thus, large savings in time
and expense can often be realized.

SIMPLIFIED DESIGNS
The versatility of injection molding
often permits design simplification.

NAME TITLE
COMPANY

STREFT ADDRESS.

CITY STATE

TYPE OF BUSINESS

*Zytel”. “Alathon’, “*Lucite”, “Teflon’’ are trade-marks of E.1. du Pont de Nemours & Co. (Inc.)

wwWwW-americanradiohistorv com
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Du Pont “Zytel” nylon, for example,
can be injection-molded into intri-
cate shapes, as well as around metal
inserts. Du Pont “Alathon” poly-
cthylene resin and “Lucite” acrylic
resin can also be successfully injec-
tion-molded into a variety of uscful
forms. For more information about
Du Pont engineering resin materials
and how they are being used in in-
dustry, clip the coupon.

Du Pont “Teflon”

(continued from other side)

field conductor insulation, coil wrap-
ping, slot lining, lead insulation, and
coil separation.

FOR TRANSFORMERS

“Teflon” makes it possible for trans-
formers to operate at hot-spot tem-
peratures as high as 500°F. “Teflon”
is used in transformers for conduc-
tor, layer, and ground insulation,
and for coil separation. At the
present time it is used commercially
in electronic transformers and cx-
perimentally in  distribution and
power units,

FOR CAPACITORS

Where high ambient temperatures
and minimum power loss are es-
sential, “Teflon” gives outstanding
service. It is used as the dielectric in
many wrapped capacitors.

FOR ELECTRONICS
EQUIPMENT

Under conditions of ultra-high fre-
quencies, heavy moisture and con-
centrated heat, “Teflon” assures ef-
ficient operation. Here it takes the
form of tape, molded component, or
extruded insulation.

Can “Teflon” help you with your
design problems? The properties dis-
cussed above show why no other
single material can match it. And
the coupon on the left will bring you
whatever further information you
need about “Teflon” or any of the
other versatile engineering resin
materials made by Du Pont.



ONE DESIGN
MEETS MANY
REQUIREMENTS

4

CHANNELS

OR

Standardized design of these new Brush multi-channel oscillographs
permits greater flexibility in instrumentation. An identical chassis which
can be installed in either a standard 19-inch rack or a console is used
for both 4 and 6-channel units. The new electrically-controlled chart
drive provides up to sixteen speeds for greater flexibility of speed and
operation. The chart can be driven as slow as 1 cm/hour or as fast as
250 mm/sec.—the highest chart speed available on any standard oscillo-

Gentlemen:

OR
EXPAND

vour 4
CHANNELS

106

Brush Electronics Company, Dept, K-6B
3405 Perkins Avenue, Cleveland 14, Ohio

[J Please send bulletin on new oscillographs.
[J Please have your representative call.

graph. The units can be equipped for local or ramote control. Get all Name
the facts—send the coupon today, or call your Brush representative. Position
Brush Electronics Company, Cleveland 14, Ohio. In Canada: A. C. N
Wickman, Ltd,, Toronto. Company
Address
BRUSH ELECTRONICS COMPANY
(NDUSTRIAL AND RESEARCH INSTRUMENTS ferncl City State

The Brush Development Co.
Brusk Electronics Company
is an operating unit of
Clevite Corporation .

PIEZO-ELECTRIC MATERIALS « ACOUSTIC DEVICES
MAGRETIC RECORDING EQUIPMENT
ULTRASONIC EQUIPMENT
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NQO LOAD RESISTANCE-TEMPERATURE CURVES for GLOBAR® THERMISTORS

40

d

3000

2000

1000

Maximum and minimum rates of change of
resistance expressed as per cent of change
with respect to resistance value @ 25° C. Fd
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TEMPERATURES IN DEGREES: CENTIGRADE

R 2

New GLOBAR™ rve= » THERMISTORS can help you solve many circuit problems

Where can yon use resistors as sensitive to
remperature changes as the new GLOBAR®
Type H Thermistors shown on this chart?
They offer many challenging possibilitjes
in c?rcuit desigzl ...can hgelpgyl())u cut c%t}s
in the manufacture of radios, television
sets, motors, relays, meters, tempera-
ture indicating devices, and many other
products.

The introduction of the Type H Ther-
mistor, which has a maximum negative
temperature coethicient of 4.5%/°C at
25°C,supplementing the range previously
obtainable with GLOBAR Types B and F,
now provides you a working range from
.339%/°C to 4.5%/°C at 25°C.

GLOBAR® Type H Thermistors are engi-
neered to meer your exact requirements
—in electrical propertics as well as shapes
and sizes.

34

I e To provide time delays in relay, solenoid circuits.

TYPICAL I e For temperature compensation in field coils.
® As protective resistors in series hlament circuits of radio
APPLICATIONS I and television receivers.

e For temperature compensation in meters.
e To control remote temperature indicating devices.
I e For temperature compensarion in transistor circuicry.

for Type H I
Thermistors

Enginecring Bulletin GR-3 gives detailed intormation

on all three types of GLOBAR Thermistors—H, F and B.
Write for your copy—and, if you have a circuit

problem, send us the basic details. Our engineers will assist
you, without obligation. Address: The Carborundum
Company, Dept. E 87-47, Niagara Falls, N. Y.

I
WRITE FOR I
ENGINEERING BULLETIN |
ON THERMISTORS |

I

Ceramic Resistors

CONVENTIONAL « VOLTAGE SENSITIVE
TEMPERATURE SENSITIVE

ty CARBORUNDUM

B7-47
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New converters extend range of
Frequency Counter to 220 mc!

=hp- 512A
Frequency
Converter
10 me to
100 mc

-hp- 524A Frequency Counter

Now Hewlett-Packard offers two compact, economical Fre-
quency Converters that greatly extend the range and usefulness
of your -hp- 524A Frequency Counter —and MATERIALLY
INCREASE SENSITIVITY WITHOUT LOSS IN AC-
CURACY.

The two Converters, -hp- 512A and 512B, increase Coun-
ter range from 10 to 100 mc and 100 to 220 mc, respectively.
In combination with the Counter, they determine frequencies
from 10 cps to 220 mc automatically, instantly, and in direct-
reading form without interpolation or calculation. Complex
setups and other equipment such as harmonic amplifiers,
audio oscillators, multi-vibrators, search wave meters, trans-
fer oscillators and oscilloscopes are completely eliminated.
The -hp- Counter-Converter combination is readily used by
non-technical personnel since operation consists merely of
tuning the Converter to the unknown and selecting the meas-
urement range.

Among the many measurements the Counter-Converter
combination makes quickly and easily are crystal checking,
oscillator calibration and stability, and broadcast FM and TV
transmitter frequency. In addition, -bp- 524A Frequency
Counter measures period of low-frequency phenomena by
measuring the duration of a complete cycle in microseconds.

Data subject to change without notice. Prices {.0.b. factory.

INSTRUMENTS

® Direct readings 10 cps
to 220 mc

® Increases sensitivity
® No loss in accuracy

o Instant, automatic
measurement

® Easily used by non-technical
personnel

® Low cost; eliminates
complex setups

-hp- 5128 Frequency Converter
100 mc to 220 mc

BRIEF SPECIFICATIONS

-hp- 512A Frequency Converter
Frequency Range: As Amplifier, 100 kc to 10 mc. As Converter,
10 mc to 100 mc.

Input Voltages: 100 kc to 10 mc, 0.1 v R.M.S. minimum; 10 mc to
100 mc, 0.01 R.M.S. minimum (on 50 ohm cable).

Standard Mixing Frequency: Multiplied from 100 kc output of
524A. (Accuracy 1/1,000,000 short term.)

Output Voltage: 2 v minimum (sufficient to operate -bp- 524A over
entire range).

Connectors: Standard BNC type.

Power Source: 115/230 v, 50/60 cps, GO watts.

Size: 7" x 1034” x 14” deep. Weight 20 Ibs. Rack mount available.
Accessories Furnished: Cables to interconnect with -bp- S24A.
Price: $350.00.

-hp- 512B Frequency Converter

Same as above except Frequency Range as Converter, 100 mc to 220
mc; and Input Voltage, 0.25 v R M.S. minimum.

WRITE TODAY FOR COMPLETE DETAILS
HEWLETT-PACKARD COMPANY

Dept. A, 3032A Page Mill Road, Palo Alto, California, U.S.A.

Field representatives in all principal areas

Complete Coverage

\ ELECTRONICS — June, 1954
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Technology Instrument Corp., has pioneered
in the development of PHASE MEASURING
and STANDARDIZING EQUIPMENT and will
continue its contributions in this critical and
important field.

@ for Measurement for € .
® for Comparison g ¢ ¢ libration

These instruments have been designed for sustained,
consistent performance. They are as simple and
rapid in operation as possible. Full details are
available upon request.

Phase measurement and phase reference qre-the keys to:
= il

S
g <

<50 4 .
Phase Range- 0-360° without ambiguity L SR L\ ¥
Frequency Range: 20 cycles to 100,000 cycies A B TSR SERVO SYSTEM OPMM:T;&‘
Absolute Accuracy: 1% of full scale +3° 2 b Th W .. 4w A
Incrementa! Accuracy: As close as meter scale can 25 ﬁg“ by g @«f’-‘?i‘“

be read. Ny o Y TR x 7
Meter Scales: 0-36°. 0-90°. 0-180°, 0-360° SATRIGRAIWER FACTOR ME&%—”&Eﬁg
A e

e 31 k

L
S e— rRansiiss G IRERAE anarsis £
Nz ————— GhF O, $y
] 5. & -.‘ l"-- £, .6;5 &> o,

. L |

Gy |

Phase Range: 0-360° without ambiguity ‘v il A
Frequency Range: 20 cycles to 1 Mc . J
Absolute ‘Accuracy: *1° up to 20.000 cycles, stightly ) 4
decreasing accuracy 20,000 cycles kbl ¢ ; ‘ ‘
to 1 Mc. e r Y ;
Incremental Accuracy: =0.1° up to 20 Kc. : ",
Meter Scales: 0-360°. 0-30° {any 30° segment 0-360°) 1

4 ¥
MAGNETIC STUDIES
L ="
PHASENULL DETERMINATION IN BRIDGE CIRCUITS
. \5;'&?!

e a 2

Phase Range: 0-360° without ambiguity kN
Frequency Range: 20,000 cycles to 4.5 Mc. b d
Absolute Accuracy: * 4° over entire range ¢
Incremental Accuracy: +0.25 over entire range

Meter Scates: 0-360°. 0-90° (any 90° segment 0-360°)

AMPLIFIERS
As adjuncts to the phase measuring and generating
instruments described on these pages, an extensive
line of amplifiers is available. These amplifiers have
inherently low phase shift which is definitely
known and which may be controlled to an
accurately fixed value.

“WMsE DETECTOR FUNCTIONS
ﬁ_{’,ﬁ.m
3. o

aal ;
» oft B GRS o i

7 cofriknan SWREALAIEAI T
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AMPLITUDE For many years the industry has been well supplied with

fine tools from many sources, for the measurement and

control of amplitude and frequency. Well trodden paths

FREQUENCY of experimental procedure, based upon accurate instru-
mentation, have built up a tremendous body of know-how

and familiarity with problems in this area of developmenr.

PHASE It has remained for Technology Instrument Corp.,

to provide superb tools designed exclusively for attack on less familiar
problems in the field of PHASE MEASUREMENT. The advance in electronics

technology has, more and more, exploited PHASE relationships and control. Familiarity

and understanding of this field, together with techniques based upon measurement

devices of greater accuracy, make available a Third Dimension in electronic mastery.

< 3
LRIVE

cﬂ:{_’,-
¥ d

2

v

Range of Generated Phase Shift: 0-360 variable
Availabie for any one of the following standard
frequencies: 60. 400. 1000, 20.000 cycles or
Available for any one specific frequency between 60
and 20,000 cycles

Absolute Accuracy of Phase Shift: Within 2
Incremental Accuracy of Phase Shift Within 0.1

3
i

S A S5 5

Range of Generated Phase Shift: 0-360°. variable
Available in Standard Model for 82 Kc. or

Available in Special Models for any single frequency
between 20,000 cycles and 200 kilocycles

Accuracy of Phase Shift: Within 0.1

CONSULTATION ON PHASE PROBLEMS:
Technology Instrument Corp., as the leader in phase measurement techniques,
A will welcome the opportunity to assist in any problem in this field, A hand-picked
engineering staff is ready at any time to consult with you on your phase problems.
This staft has available the finest phase laboratory to be found and its services
may be sought for any problem, large or small.

Range of Generated Phase Shift: 0-360°. variable
Available for any single frequency between 60 cycles

and 20,000 cycles
Absolute Accuracy of Phase Shift: At least 005
‘ multiples of 1° established to at least 0.02
®

West Coast Eng'r'g. Facility, 731 No. LaBrea Ave., Hollywood, Calif., WHitney 0108
a=—— e e ]
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THE GREATEST HIGR PERATURE
CAPACITORS.E DEVELOPED !

Consistently Dependable

" ' Cornell- _Dubilier )

case Mylar’ ~tubulars

 molded and metal-¢

No voltage derating required
from —55°Cto +130° C!

Here are the greatest high-temperature
capacitors ever developed—the product of
Cornell-Dubilier’s manufacturing know-how
combined with DuPont’s great new Mylar*
Polyester film dielectric. Designed in the new
Demicon-type metal-cased tubular and in the
new PM series molded tubular styles. This new
development results in a capacitor that remains
exceptionally stable at temperatures up to

160° C.with no voltage derating required to
130° C. Within these temperature ranges,
there is sure to be a capacitor to meet your
exact needs. So why not send for individual
operating characteristics data—today.
Engineering samples sent on request. For your
special design and application problems, use
our Technical Advisory Service. No obligation,
of course. Write to: Industrial Division,
Cornell-Dubilier Electric Corp., Dept. K-64
South Plainfield, New Jersey.

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

“~ CORNELL .
DUBILIER-AALE0Y

PLANTS IN SOUTH PLAINFIELD. N. }.: NEW BEDFORD. WORCESTER AND CAMBRIDGE. MASS.; PROVIDENCE AND HOPE YALLEY, R. ).
IRDIANAPOLIS, IND.. FUQUAY SPRINGS AND SANFORD, N. C.. AND SUBSIDIARY, THE RADIART CORPORATION. CLEVELAND. ORIO

DEMICON-TYPE TWMm

- ™ =
- T 5 )

1 ¥ L 2
. i

ANTENNAS RDTORS CAPACITORS VIBRATORS CONVERTERS

~— |

® ouroni TRaoe MARR
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RAYTHEON MAGNETRONS
AND KLYSTRONS
MEET EVERY FREQUENCY
AND POWER NEED

Two of these tubes just declassified

RK6230/QK299B — tunable
pulse magnetron (8900-9400
Mc), 1 Kw average peak power *

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

peak power

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

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

RK6116 — thermally tuned
ruggedized klystron (8500-
9660 Mc), average power 25
milliwatts

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

P
1)

W :

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

Raytheon Manvufacturing

T

T THRROHEEE

[——
g_{ ‘
e —
T ———

Y VARIATION

VELOCIT
OSCILLATORS

REFLEX

i ified
Charactcrisncs of Unclass

Tube Types

i) n Teque
Complete data on tube Iypexruuluble upon 7¢q

Raytheoft Mnnu(acluring Com[‘

Power Tube Division
T
WALTHAM 54, MASSACHUSE

M
AGNETRON OsCI LLATORS

Chamctcristics of Unclassified
Tube Types

Complete d,
1p L3 on fube Ype available “pon requess

Raycheon Manufacryrip

Co
Power Tub, D, ,,,,,g Mmpaay

Waitham 54, Maggach
useres

il

|

(T

[ AR

Now Avadebty, -

CONSOLIDATED DATA BOOKLETS FOR
RAYTHEON MAGNETRONS & KLYSTRONS

WRITE FOR YOUR COPIES TODAY

These valuable data booklets, which
we will be glad to send you, list most
principal unclassified types now
manufactured — give maximum rat-
ings, typical operating values, fre-
quency ranges. Indispensable to
every microwave engineer’s file.
Raytheon is the world’s largest pro-
ducer of CW and pulse magnetrons,
many tunable mechanically or elec-
trically. A compact, efficient source of

WRITE TODAY for your data booklets. Please
address Raytheon Manufacturing Co., Power
Tube Sales — Section PL-02, Waltham 54,
Mass., or telephone Waltham 5-5860, Ext. 2443.

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

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

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

Company, Power Tube Division, Waltham 54, Mass.



COMPLETE MILITARY LINE AVAILABLE.

POPULAR MILITARY TYPES ILLUSTRATED.

CORRESPONDING COMPLETE LINE FOR COM-
MERCIAL APPLICATIONS ALSO AVAILABLE.

REPRESENTATIVES CANADIAN MANUFACTURING AFFILIATE

SOUTH AMERICA

OTHER EXPORT

CHICAGO TELEPHONE SUPPLY
Wm/m‘zﬂ.ﬁan

1/2 watt 70°C, 3/4"
diameter minia-
turized variable
composition re-
sistor,

TYPE 65
(Miniaturized)

UNPRECEDENTED
PERFORMANCE
CHARACTERISTICS

Types 65, 90 and 95 are
specially designed for
military communi-
cationsequipmentsub-
ject to extreme temper-
ature and humidity
ranges:—55°C to+150°C
...ariditytosaturation.

MOUNTING PANEL

MAXIMUM LENGTH OF
BUSHING THROUGH

WATER SEALED M
AND BEARING FQ

Avww-americanradiohisto om

RIABLE

Meets JAN-R-94
type RV4

2 watt 70°C, 1-1/8"
diameter variable
composition resis-
tor. Also available
with other special
military features
not covered by
JAN-R-94,

TYPE 95

TYPE GC-05
With Switch

TYPE €2-95 |53
Tandem
£

) E

— o 5 et
jé MEX sMOULDER L or i Tric
MOUNTING SURFATE

MOUNTING SEAL

(CAN BE SUPPLIED WITHOUT THE WATER
SEALED MOUNTING SHOULOER)

WATER SEALED MOUNTING
AND BEARING FOR TYPES
45, 35, 90, 95, 25, 252,




RESISTC

Meets JAN-R-94
type RV3

1/2 watt 1-1/8" diameter
variable composition
resistor. Also available
with other special mili-
tary features not covered
by JAN-R-94.

TYPE 35

TYPE GC-35
With Switch

TYPE C2-35
Tandem

3 -a20. NEF2 THO.

4320 NEF-2 THD

ADDS %5 T0 DEPTH

OF CONTROL BEMIND
MOUNTING SURFACE

AND SHORTENS

LOCATING LUG TO .049° 2.015"

LOCKING BUSHINGS FOR

%ect’aﬁdﬂ ére Piece

R EVER

Meets JAN-R-94 Meets JAN-R-19
type RV2 types RA25 and RA30

4 watt 1-17/32” diameter
variablewirewound resis-
tor. Also available with
other special military
features not covered by
JAN-R-19.

TYPE 25

TYPE GC-25
With Switchig_ |

TYPE C2-25
Tandem

3 328, NEF 2 THD.

[T

e
s

Meets JAN-R-19
type RA20




42

o et e L R

Four G-E Micro-miniature Tantalytic
capacitors easily fit into small space
provided in this new all-transistor
hearing aid. Man above adjusts vol-
ume control.

Other applications now being
investigated:

| WALKIE-TALKIES
WRIST RADIOS
PAGING SYSTEMS

How Tantalytic Capacitors Are Used
In Miniaturized Hearing Aids

Four G-E Micro-miniature Tantalytic capac-
itors are used in this new all-transistor hearing aid.
These high-capacitance, small-size units are
necessary due to the low-impedance characteristics
of transistors, as compared with the vacuum tubes
formerly used. Ceramic and paper dielectric
capacitors cannot supply sufficient capacitance in
the small size desired, according to hearing aid
design engineers.

Pictures, circuit diagram, application information courtesy Sonotone Corp.

_—
IRANSISTOR TRANSISTOR TANSISIOR
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Simplified schematic diagram of Scnotone all-transistor
hearing aid, showing location of G-E Micro-miniature
Tantalytic capacitors.

Operating at a battery voltage of 2.5 volts,
this hearing aid uses two units rated at 2 micro-
farads each for by-pass, C; and C; (see diagram).
They give a low-impedance signal path from the
source to the input of the transistor. Two 1-micro-
farad units, C; and C,, are used for coupling
and filtering respectively, where their low leakage
current of .18 microamperes/uf/volt at 25 deg.
C is especially important.

G-E Micro-miniature Tantalytics can be ob-
tained inratings up to 20 volts, or, up to 8 uf in a
Je-in. long by lg-in. dia. case size, higher ca-
pacitance in a 14-in. long by l%-in. dia. case size.
Capacitance tolerance is —0% to +100%.

For more information about G-E Micro-minia-
ture Tantalytic capacitors, contact your G-E
Apparatus Sales Office or write for bulletin
GEA-6065 to General Electric Company, Section
442-15, Schenectady 5, New York.

GENERAL &3 ELECTRIC

June, 1954 — ELECTRONICS
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A complete range of sizes and designs of terminals, lead-ins
and stand-offs for hermetic sealing is offered by Stupakoff.
Made with Kovar metal, the ideal alloy for sealing to hard
glass, Stupakoff Seals are durable and dependable. These
are not mechanical compression seals, but are permanently
fused by chemical interaction. They may be installed by
conventional assembly techniques.

Write for a copy of the new Stupakoff Catalog 453,
giving details of over a thousand sizes and styles
of Stupakoff Seals.

STUPAKOFF CERAMIC
‘ & MANUFACTURING COMPANY

LATROBE, PENNSYLVANIA

43
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FACTS YOU SHOULD KNOW ABOUT

CELLULAR
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Cellular polyethylene power factor 2 "__JL,/
and dielectric constant at 1 mega- £2052H)
cycle vs. temperature. The small
effect of temperature change on
these two propertics indicates that
the material will have minimal 529 ° 23 L z8
power losses when subjected to sea- IIEMRERATURESOEGTIC:
sonal variations.
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power factor but great effect of
density on the dielectric constant.
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44 June, 1954 — ELECTRONICS

www americanradiohistorv com



POLYETHYLENE

NEW BAKELITE MATERIAL FOR
LOW-LOSS ELECTRICAL INSULATION

B AkeLITE Polyethylene is already known as an
outstanding material for electrical insulation. Now
Bakelite Company has developed a polyethylene
that can be foamed to a cellular form. It is marked
by improved low-loss characteristics, and can be
used wherever the tensile strength, elongation, and
dielectric strength of solid BakeLiTe Polyethylene
are not of prime importance.

Production of BaxeLite Cellular Polyethylene
can be carried out on standard extrusion equipment.
Properly extruded, the new material will expand
100 per cent. Structurally, it consists of unconnected
hollow cells, so that moisture absorption is of the
same low order as solid polyethylene.

Cellular polyethylene is produced by combining
polycthylene having a dielectric constant of 2.3
with a blowing agent that yields an inert gas having
a dielectric constant of about 1.0. Its own constant
lies between the two. Specific gravity is about half
that of solid polyethylene. Power factor values are
essentially the same. Since the dielectric constant is
much lower, it is possible to make insulated con-
ductors with a lower capacitance per foot than with
the solid material.

e SOLID POLYETHYLENE
= == CELLULAR POLYETHYLENE

,
»

OIELECTRIC COMSTANT
1

|
i
I
1
I

e e — —m e = e e — F e = = — 4

. L]

3 [ 20 0 40 80 © 0 (1]
OAYS IMMERSION

00

Dielectric constant at 1 megacyele vs. days of immersion in
tap water at 23 deg. C.

ELECTRONICS — June, 1954

An important application for this material is its
use for covering UHF television lead-in wire. As
shown in figure 4, there is little or no change in
power factor and dielectric constant over a broad
frequency range. This absence of irregularities
means that power losses will be uniformly low.

BakeLiTE Cellular Polyethylene can be formu-
lated for varying degrees of expansion. It has the
chemical resistance of polyethylene, and withstands
sea water, most acids, alkalies, and oxidizing agents.

For descriptive literature covering BAKELITE Cel-
lular Polyethylene, write Dept. XM-79.

BAKELITE

TRADE-MARK

POLYETHYLENE
/B\
'llﬂl‘w’nl.l
BAKELITE COMPANY

A Division of
Union Carbide and Carbon Corporation

30 East 42nd Street, New York 17, N. Y.
fn Canada: Bakelite Company
Division of Union Carbide Canada Limited
Belleville, Ontario
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Power factor and diclectric eonstant of cellular polycthylene
vs. {requency.
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PRECISION GEARS

WHAT DAYSTROM HAS TO OFFER YOU...

UNDER ONE ROOF Daystrom Instrument can meet Write foday J[""
every one of your engineering and manufacturing needs— .
in their modern 350,000 sq. ft. plant, where a full our facilities report.

range of up-to-date equipment is available for manufacturing

from raw materials to finished assemblies and systems . . .

for complete electro-mechanical and electronic parts and assem]aly

in any quantity ... for internal, external, surface and centerless
grinding; low to high precision turning; jig Loring and milling;
welding, heat treatment and finis}ling; precision spur and

helical gear shaping, hob]aing and shaving; straight and spiral beveled

gearing; test and inspection for entire range of gear production.

Daystrom’s Research and Develo.pment Engineers have special

skills in mathematics, radar circuitry, electronic computor design
and instrumentations of a similar nature . . . Daystrom'’s

Production Engineers are specialists in the mechanical, electronic
and electromechanical fields . . . Daystrom’s Manufacturing Engineers
are experts in tool design, processing and tooling—with a
new, complete toolroom for producing jigs, dies and fixtures.

DIVISION OF DAYSTROM ‘

INCORPORATED

ARCHBALD, PENNA.

A//i/r'a tes: 7
American Type Founders, Inc., Elizabeth, N.J.; Daystrom Furniture Div., Olean, N.Y.; Daystrom Electric Corp., Poughkeepsie, N.Y
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" This FREE BOOK
CAN HELP YOU
\_  CUT COSTS!

.
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There's something new in electronics this year...

IT'S THE DAREX Flowed-in GASKET PROCESS!

And this factfilled brochure gives you the whole
Flowed-in Gasket Story. Here are a few samples of
the things you'll read in this informative new book:
ABOUT COSTS
Using the DAREX Flowed-in Gasket Process, a major
electronics manufacturer is saving 550,000 per year
in labor and materials on a single gasketing opera-
tion. As a result of this striking cost reduction, the
firm has recommended the DAREX Process for several I
more gasketing operations.

ABOUT THE PROCESS

The Flowed-in Gasket Process is a new application
of a method of sealing developed by Dewey and Almy
researchers over 30 vears ago, and successfully used
in food container manufacture ever since.

The DAREX Flowed-in Gasket Process is more than
a sealing compound . . . more than a machine . . . DEWEY and ALMY
more than an engineering service . . . it's @ complete Chemical Compan
Process! So when you switwch to Flowed-in Gaskets, pany

you get all three.

Cambridge 40, Mass..

Offices or subsidiaries in Buenos Aires, Chicago, Copen-
hagen, London, Melbourne, Milan, Montevideo, Montreal,
Naples, Paris, San leandro {Calif.}, Sao Paulo, Tokyo.

Compounds— Over 800 formulations available to meet
most needs. Or Dewey and Almy chemists will
develop a “job-tailored”’ compound for you.

Machines— To apply the compound, Dewey and Almy
designs and builds machines based on more than n g ! 1)

30 ygears’ field experience. I u-i GASKETS Caﬁ dﬂ fﬂr YOU

Service— Every machine is precisely adjusted to your
specifications before it leaves the shop. When it - MAIL THE COUPON TODAY! — — = -~
arrives, a Dewey and Almy Engineer is on hand to | DEWEY and ALMY Chemical Company
install and adjust the machine. Then he trains your Dept. E
operators tofull proficiency. And whenever you need I Cambridge 40, Mass.
him, the Dewey and Almy Man is at your service. | Please send me the new DAREX Flowed-in GASKET Book.

I

|

{

]

!

Name. ..
Firm.

Street.
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Ucinite Test Jacks

In addition to Test Jacks with a brass, nickel-
plated shelland nut with nylon insulator, Ucinite
now offers a less expensive version with all-nylon
threaded insulator for low capacity to panel and
high voltage breakdown.

These Ucinite Test Jacks — designed for
standard 080 phone tips —are available in a
variety of colors . . . ideally suited to coded
application. Silver-plated, heat treated bervilium
copper contact is made in one piece with large

The

terminal ends for easy soldering. The feed
through type is provided with a one-plece brass
terminal stud, tin-plated.

The specialized abilities and experience of
Ucinite’s own staff of design engineers are avail-
able for work on new and unusual problems.
Volume production facilities ensure fulfilliment
of the largest requirements. For full informa-
tion, call your nearest Ucinite or United-Carr
representative or write directly to us.

Specialists in

 UCINITE CO.

ELECTRICAL ASSEMBLIES,

Newtonville 60, Mass.
Division of United-Carr Fastener Corp.

RADIO AND AUTOMOTIVE
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United-Carr’s new self-locking, plastic nut
is designed for blind application and can be
used with all types of metal finishes without
scratching or chipping the surface. Its plastic
fingers provide rigid anchorage yet will not mar
paint, polished merals or even porcelain.

Inexpensive sheet metal screws cur their own
threads and expand the nut's fingers as they are
driven, locking both nut and screw ughtly in

place. Screws can be removed and replaced
several times without damage to the nur.

DOT plastic snap-in nuts are electrically non-
conductive and provide a high degree of insula-
tion against heat transfer. For all pracrical pur-
poses, they alsa provide an effective vapor seal.

Available in several styles and sizes. Write for
full information and samples or contact your
nearest United-Carr representative,

UNITED-CARR FASTENER CORP.

CAMBRIDGE 42, MASSACHUSETTS

MAKERS OF

ELECTRONICS — June, 1954

FASTENERS
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New Jobs for One of the World’s
Most Useful Metals:

STRAITS TIN from MALAYA

Concentrating

tin ore in Selangor, Malaya.
Malayan economy depends heavily on tin ex-
ports. Thus a continuing and stable market for
tin is as vital to Malaya as a continuing and
stable supply is to the United States.

New Tin Alloys---New Techniques
Make Soldering Faster, More Efficient

They’ve been using tin-rich solders
for almost 2000 years and haven’t
found a real substitute yet! Nothing
else is as cheap or casy to use in
making corrosion-resistant, imperrne-
able, clectrically conductive joints at
relatively low temperatures.

Making Solder
Still More Efficient
Now, new alloys and ncw soldering
techniques are muking tin solders
still more useful on production lines.

A solder of tin-indium, for exam-
ple, is now used for scaling glass to
metal or glass to glass—will adhere to
mica, quartz, thermosetting plastics.
and some glazed ceramics, as well.

MALAYAN

BUREAUV

For joining aluminum, cerium
added to a tin-rich, tin-zinc solder
gives both improved salt spray re-
sistance and better wettability.

New techniques for applying sol-
der include ultrasonic methods of
soldering and tinning aluminum, and
the new mechanized dip soldering
process that is saving industry thou-
sands of man-hours.

Tin is, of course, the key ingredi-
ent in solder. Over one-third of the
world’s tin is mined and smelted in
Malaya. Known as Straits Tin, this
metal is more than 99.87% pure and
is world-famous for its absolute re-
liability of grade.

A new booklet, “Straits Tin: A Most Useful Metal for Ameri-
can Industry,” tells a factual and intriguing story of the many
new ways tin can be used today. A copy is yours for the asking.

THE MALAYAN TIN BUREAUV

Dept. 387, 1028 Connecticut Ave., Washington 6, D.C.

A New Look

at Straits Tin
Today, not only new solders but new
tin alloys, new tin-alloy coatings and
platings, and new uses for tin chemi-
cals have been discovered that make
Straits Tin more valuable than ever
to American industry. And continu-
ing research will find still more ways
in which tin can serve you in the
near future.

Whatever your product or process
may be, now is the time to reappraise
carefully the unique combination of
properties of Straits Tin. For no
other metal we know today can do
so many different kinds of jobs so
economically and so well.
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“Retains Flexibility - Resists Abrasion™

toy FRMELSX 10

says Redmond Company
of TEMELEX® 105 Tubing

In making the held connections for the unique TRI-FLUX shaded
pole micromotors built by Redmond Company, Inc.. Owosso, Mich.

a 11,7 length of Irvington’s Temflex 105 Tubing is slipped over the
lead from one field eoil, and the lead is twisted together with the
connection [rom the next lield coil. Twisted wires ave then welded

and bent back, and the Temflex tubing drawn over the weldedl joint. Bk 1o
The entire field is 1then varnished and baked. IRVING-'oN
In addition 1o abrasion resistance and retained flexibility, “resistance for Insulation Leadership
to baking heat and high dielectric strength are other reasons for INSULATING VARNISHES
nsing this material,” savs Redmond about this flexible plastic tubing. VARNISHED CAMBRIC
Temflex 105 also carries Underwriters” Laboralories approval {or con- VARNISHED PAPER
tinuous operation in air at 1057 C.—and for 90 C. operation in ol VARNISHED WOVEN GLASS

Temflex 105 Tubing is produced by Irvington’s Plastics Division in all I:::sl:”:g IT::[:T:NON
standard colors, to fit all standard wire sizes. It's identified hy the
continuously printed name on the tubing surface —leok for it when

vou buy high-temperature tubing. Send for literature and samples.

VARNISH &

’R V’N INSULATOR

DIVISION OF MINNESOTA MINING & MANUFACTURING COMPANY

17 ARGYLE TERRACE, IRVINGTON 11, N.J. ¢ PLANTS: IRVINGTON, N. J.; MONROVIA, CALIF.; HAMILTON, ONTARIO, CANADA
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SEVEN YEARS IN SERVICE

This Electronic Calculating Machine
Is a Giant of Precision

+ Mathematical robot with nearly 18,000 vacuum tubes does in hours
what mechanical devices would require years to complete ; built for war
purposes, it has potentialities of interest to designers and engineers.

N

. " nd ihelarg? tra“Sformers NOTHELFER 3 Phase Piate
were all furnished by

Rectifying Transformer

240/125 at 122 KYA
125
All transformers designed
for 40° rise.

HE Electronic Numeral [ntegrator

and Computor shown above, de-
signed and constructed in 1946 for the
Ordnance Department, U S. Army, at
the Moore School of Electrical Engineer-
ing, University of Pennsylvaniag, is said to
be the first all-electronic general pur-
pose computor ever developed.

The design of the TRANSFORMERS
among much other complex and expen-
sive equipment, was limited by many un-
known factors. However, this 3 Phase
Plate Rectifying Transformer is repre-
sentative of a typical installation by
NOTHELFER, whose skill and experience
has been instrumental in helping to solve
many a difficult winding job.

NOTHELFER WINDING LABORATORIES

9 ALBERMARLE AVENUE . . . TRENTON 3, NEW JERSEY
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Waldes Truarc Ring Replaces Nut and Washer
_..Cuts Costs $5.28 Per M...Speeds Assembly by 50%

oLD WAY. Main shaft required costly threading. Assembly was TRUARC WAY. Truarc Retaining Ring snaps quickly and simply
slowed by the double application of washer and nut and time-con-  over shaft. Lock assembly is secured in one fast operation. Virtually

suming tightening operation. all play is eliminated from lock.
i = B 1 ]. Chesler and Sons, Inc., Brooklyn, N.Y., manufacturers of the pre-
|  MEW DESIGN USING WALDES TRUARC RING | assembled “Reddi-Mount” cylindrical lockset, uses a single Waldes
PERMITTED THESE SAVINGS Truarc Retaining Ring instead of an old fashioned nut and washer
o, R to secure the entire assembly of their lock. This new, improved
| CostofNut. ... . $10.00 per thousand fastening method enaples Chesler to ehmmate. costly thieadmg v
| Cost of Washer . . . . . 3.80 o save money on material . . . speed assembly time by 50% and pro-
Labor for Threading . . . 2.00 * ” duce an improved, more durable product.
\ Assembly . . TOTAL . ﬁ You, too, can save money with Truarc Rings. Wherever you use
' machined shoulders, bolts, snap rings, cotter pins, there’s a Waldes
| RGARCRVIAT | Truarc Retaining Ring designed to do a better, more economical
Cost of Truarc Ring and s . - 8 3 .
Grooving Operation . . $11.52 per thousand job. Waldes Truarc Rings are precision-engineered . . . quick and
| Assembly . ......._200 " " easy to assemble and disassemble.
l B e Find out what Waldes Truarc Retaining Rings can do for you.
J Send your blueprints to Waldes Truarc engineers.

For precision internal grooving and undercutting. .. Waldes Truarc Grooving Tool
[t —— e e —— _'__——'l

SEND FOR NEW CATALOG — ..

smo=2ir Waldes Kohinoor, Inc., 47-16 Austel PL, L.1.C. 1, N.Y.

Ring catalog.

I
l.. " | (Please print)
|
p— 4--'-‘ —E::' T I
e -I L P \_:.;:\:::.' l :
) R S .
S g }" o | i .
|
|
|
| .
|

wnllnns égi ol Please send me the new Waldes Truarc Retaining

REG. U. 5. PAT. OFF

RETAINING RINGS

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

WALDES TRUARC RETAINING RINGS AND PLIERS ARE PROTEGTED BY ONE OR MORE OF THE
FOLLOWING U.S. PATENTS:2,382,947: 2.362.9486: 2.416.852: 2,.4268,341; 2.439.785: 2.441.846:
2,455,168 2,420.941; 2,483,380; 2.483,383: 2.487.802: 2.487.8C3: 2,491,306; 2.509.081;

AND OTHER PATENTS PENDING. |
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TYPE 2003
Same as Type 2007 (at right)
except Tube 12AT7 and 5 pig-
tail components are external.

TYPE 2007, BASIC UNIT
Contains shock-mounted fork,
double triode and all cir-
cuitry, Output, 400 or 500
cycles. Accuracy * 1 part
in 50,000. Octal base con-
tainer, 114" x 415", Weight,
10 oz. Power required, 75 to
200 V..D.C. at 1| to 5 m.a.
and 6.3 V. at 300 m.a. De-
signed for MIL equipment.

TYPE 2001-2, BASIC UNIT
Frequencies, 200 tc 3000

cycles. Dividers and multi-

pliers available for lower
and higher frequercies. Out-
put, 6 Y—JAN construction.

TYPE 2005, UTILITY
Provides 10 Watts at 110 V.

TR Precision frequsncies from 58
e ; to 500 cycles. Input power,
i ;i 50 to 500 cycles, 45 Watts.

TYPE 2121-A, LAB.
STANDARD
Outputs, 60 cycles, 0-110
Volts, 10 watts; 120-240 cy.
impulses. Input, 50-400 cycles,

45 Watts.

TYPE 2111A, POWER UNIT
50 Watt output. 0-110-220 V.
at 60 cycles or any fre-
quency 50 to 1000 cycles.

-

WIDELY USED
IN SUCH FIELDS AS
Aviation, Navigaticn
Ordnance, Ballistizs
High Speed Photography
Viscosity Measurement
Fluid Flow
Nuclear Physics, Telemetering
Chemical Reaction
Radiation Counting
Computers
Facsimile
Fire Control
School and Indl. Research Labs.
Accurate Speed Control

GUARANTEED ACCURACY
1 PART IN 100,000 (.001°)

except where otherwise noted

The basis of these frequency standards is an electronically
actuated high-precision fork, temperature-compensated and
hermetically sealed against barometric changes. The partial list
of uses at the right not only suggests the broad range of appli-
cations but also proven dependability where there can be no
compromise with accuracy. Please request details by Type No.
Our engineers are available for advice or cooperation on re-
lated problems.

American Time Products, Inc.

580 Fifth Avenue New York 36,N. Y.
OPERATING UNDER PATENTS OF WESTERN ELECTRIC COMPANY
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Here’s a CLARE RELAY

Compare these features of
the CLARE Type J Relay
with ordinary
telephone-type relays

Extremely Small Size—Length: 2} 7,
Width: 1% ”, Height (with 10 springs):
1% ", Net Weight: 244 oz. (approx.).

Large Current Capacity—Rated cur-
rent carrying capacity: 4 amperes, 150
watts. Twin contact points (Palladi-
um) standard.

Exciusive New Features—Twin con-
tacts operate independently of each
other —minimize chance of contact
failure.

Largest possible bearing surface for
hinge-type armature.

Armature bearing pin turns in cyl-
inder of different metal which is full
width of the heelpiece.

Heelpiece designed and processed
for extreme rigidity to take and hold
fine adjustments.

Versatile Operation—Standard coils
provide for fast operate and fast re-
lease (minimum of 1 to 2 milli-
seconds). Coils may be provided for
time delay on operation, time delay on
release, or both. Also available,
double-wound coils. Operating volt-
age up to 220 volts d-c.

Armatures may be single (right or
left) or double. Residual: lock screw
(adjustable) or fixed.

Relays may be mounted on mount-
ing bases or strips as well as upon
mounting bars and individual mount-
ing brackets. Also available
with plug-in mounting.

Available with slip-on
dust-tight covers or her-
metically sealed in
metal enclosures.

that has changed
a lot of design ideas

o No fully acceptable substitute has ever appeared for the
conventional telephone type relay. It offers a versatility of
performance and flexibility of installation that meet the
requirements of the widest variety of industrial designs.

Prior to the introduction of the cLARE Type J Relay,
however, designers were handicapped by the comparatively
heavy weight, large size and certain operational limitations
of this type of relay.

The cLARE Type J changed all this. Here, for the first
time, was a light-weight, small-size relay of the telephone
type. It not only gave comparable performance advantages
but added certain exclusive features which offered a new
conception of efficient, long-life relay operation.

This relay, among other features, provided independent
twin contacts to preclude contact failures; the largest pos-
sible armature bearing surface, thus insuring stable opera-
tion and little adjustment change over a great number of
operations; and an extremely rigid heelpiece to take and
hold fine adjustments. (A fine adjustment will shift when a
weak heelpiece is distorted by tightening the mountingscrews.)

Acceptance of the cLARE Type J Relay has been phe-
nomenal. It has replaced the old style telephone type relays
in innumerable designs where small size and light weight
were of prime importance. If you are not familiar with the
features and characteristics of this relay, we invite you to
contact your nearest CLARE sales engineer or write to:
C. P. Clare Co., 3101 Pratt Blvd., Chicago 45, Illinois. In
Canada: Canadian Line Materials Ltd., Toronto 13. Cable
Address: CLARELAY. Write for Engineering Data Book.

CRARE RELLNS

FIRST IN THE INDUSTRIAL FIELD



From better facilities

including expanded engineering
new, improved tooling
and faster shipping, comes

a better product

a wide range of “standards’ in altitude,
temperature, humidity, sand and dust,
explosion and walk-in chambers*

for you

our customers, whose nomes* include
the largest firms in Americaq,

y * Informafior: on this equipment
and a purchaser list will be
ENGINEERING, INC. graveichoy

1090 SPRINGFIELD ROAD, UNION, N. J.
Plants: Union, N. J. and Baltimore, Md.

Engineers and Manufacturers of Refrigeration and Environmental Equipment

the U. 3. Government, and Armed Services.
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JAN-R-1
TYPES

Styles RC10, RC20,
RC21, RC30, RC31,
RC41, and RC42,

Write for Bulletin J2

Ya-, 1-, and 2-watt fixed composition
types in all RTMA 5%, 10%, and 20%
preferred valves.

. also voltage regulation; fluorescent
starting; protective surge; and other special purpose
types to your exact specifications.

Electronic Components Division

STACKPOLE CARBON COMPANY
St. Marys, Penna.

ELECTRONICS — June, 1954 57

wWwWwW-americanradiohistorv.com



K12 ELECTRICAL CONTACTS (BUTTONS)

General Plate

Electrical Contact Kits

for Laboratory and
Development Use

A Wide Assortment of Sizes
at Your Fingertips . .. Simplifies Design, Saves Time

These. two General Plate Electrical Contact Kits
are the answer to your contact gequirements for
development use.

Kit K11 contains 2 wide assortment of silver
rivet contacts, Kit K12 has representative standard
button contacts. .. silver facing on a base metal
backing for projection welding. Also included are
metal strips for fabrication of contact parts.

Dimensional working drawings are included so
that you can duplicate the exact part on your own
drawings.

These General Plate kits help you solve design
problems by placing standard stock buttons and

rivets at your fingertips. Once a design goes to
production, there are no procurement delays. ..
production quantities are available for immediate
shipment from General Plate stock. Your contact
inventories are minimized, “non-standards”’ are
eliminated, delivery delays are avoided.

Available at a nominal cost...write for com-
plete information and prices today.

You can profit by using
General Plate Composite Metals!

METALS & CONTROLS CORPORATION
GENERAL PLATE DIVISION

36 FOREST STREET, ATTLEBORO, MASS.
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Y5 iNapget

Rl RE MOV ThHig wald]

Variable Transformers
TYPE 136 AND 236

provide new higher ratings . . . smaller size . . . easier installation and
servicing . . . smoother operation and longer life . . . greater overload #

characteristics. _&‘
s . new .

THE SUPERIOR ELECTRIC CO.
206 Clarke Ave., Bristol, Conn.

Please send Bulletin P354

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

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

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

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

60

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

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

CAMBRIDGE THERMIONIC CORPORATION

makers of guaranteed electronic components,
custom or standard

New CST-50 variable ceramic capacitor surpasses
range of capacitors many times its size. Stands
only !%,” high when mounted, is less than %” in
diameter and has an 8-32 thread mounting stud.
A tunable element of unusual design practically
eliminates losses due to air dielectric giving large
minimum_ to maximum capacity range (1.5 to
12MMFD).
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STACKS OF

Bradley rectifiers invariably exceed per-
formance requirements, but this quality
bonus does not carry a premium price.
Our exclusive vacuum process not only
assures stability and long life; it also

STABILITY

assures low cost. We would like to prove
it by quoting now on your rectifier
needs. Please fill out the form below —
no obligation, of course. You will get quick
action.

VACUUM PROCESSED—for performance as rated
BRADLEY LABORATORIES, INC., 168F COLUMBUS AVENUE, NEW HAVEN 11, CONNECTICUT

e o PO — s P s n.mnwwmé
DC Output: Volts Min. Amperes Max. —_ Circuit FINISH REQUIRED: s
AC Input: Voits Max. Phase QUANTITY: l
LOAD: Res. ind. Cap. Battery %
NAME g
DUTY: Continuods ————— Intermittent 0on Off §
ADDRESS -
COOLING: Convection wmme—— FOrced e Ft. Per Min. é
Max. Ambient Temp. . ¢ E
B e e e e e s | o A i i i ]
ELECTRONICS — June, 1954 61



RCAVCTOR Television

CHOOSES

INSUROK

*-725 INSULATING LAMINATE

The RCA Victor name is a symbol for the highest quality in
clectronic equipment. To meel their exacting standards, RCA Victor
enginecrs selected INSUROK Grade T-725 phenolic laminate for
their television receivers.

INSUROK T-725 prevides RCA Victor with a unique combina-
tion of electrical properties. It is used in the R.F. tuners, to maintain
insulation resistance under high temperatures and humidities . . .
in the LF. tube sockets, to minimize capacity changes with changes
in humidity . . . and in the high-voliage compartment, to provide
high dielectric strength and surface resistivity.

For the “tough spots” n your produet, write or phone about T-725
and the many other grades of INSUROK laminated insulation.

........0.........................................‘.

Fhe RICHARDSON COMPANY

Write Today for Booklet

i
LAMINATED FOUNDED 1858 — LOCKLAND, OHIO
INSUROK”’ 2797-C Lake St., Melrose.Park, lllincfis (Chi.cago District) .
SALES OFFICES: Cleveland . Detroit . Indianapolis . Lockland, Obio

Los Angeles ¢ Milwaukee * New Brunswick, {N. J.) * New York ¢ Philadelphia
Rochester * San Francisco * 5t Louis

June, 1954 — ELECTRONICS
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G.E’s NEW IMPROVED SWEEP TUBES
GIVE HIGHER QUALITY AT SAME PRICE!

You can SEE the improiaen’;ien ave prdtoty'pés (left)

G-E Design Service brings you . .. constantly . ..
new, improved, more dependable receiving tubes

at no increase in cost. The 6BQ6-GA and 25BQ6-GA
are examples. These sweep tubes cut TV production
costs by greatly reducing line rejects . . . also build
customer acceptance for your sets, which will require
fewer service call-backs.

Other improved G-E tubes are in development,
and will be available soon. With the number of
tubes per chassis to be at least doubled for Color,
builders of sets justifiably are asking for tubes that
will stand up—that won’t slow TV production by
poor performance or high failure rate, and won’t
make service costs prohibitive.

Better tubes at the same price is an extensive and
continuing General Electric program. Get all the
facts about these new, improved tubes for television
from Twube Department, General Electric Company,
Schenectady 5, New York.

GENERAL

NEW 6BQ6-GA, 25BQ6-GA (Right)

OUTSTANDING PERFORMANCE!
LONG LIFE!

“RUNNING HOT" shortened the life
of many prototype 6BQG6-GT’s
and 25BQ6-GT’s. G-E designers
went to the heart of the problem,
and gave the new tubes king-size
bulbs that mean cooler operation
under all normal conditions. Glass
surface area is 89% increased!

Also—because of special mica
design and new processing tech-
niques—the 6BQG6-GA and
25BQ6-GA will handle higher
pulse plate voltages than their pred-
ecessors. The peak rating now is
6,000 v instead of 5,500 v. Internal
tube arcing has been reduced sub-
stantially.

A further improvement is use of
a special high-melting-point solder
for the plate cap-terminal. This
prevents loosening of the terminal
whentubesare removed for testing.

Basing layout is identical with
prototypes. The new tubes are
fully interchangeable with the old.

ELECTRIC

1G2-1A3
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NOPCO
LOCKFOAM

eliminates

aircraft antenna deformation

caused by air pressures

St

Where Can YOU Best Use These Properties?

Near-perfect
Radar Transmission

Good Thermal insulation
“K" Factors

.018 at 8 Ib/cu ft

to .025 at 11 Ib/cu ft

Wide Range of Densities
From 2 to 35 ib/cu ft

Great Versatility
50 different formulations
available

Ease of Fabrication
It's "poured-in-place”

Great Strength
with Light Weight

Excellent Electrical Properties
6 Ib/eu ft Lockfoam tested
at 9.375 KMC

Dielectric Constant 1.05

Loss Tangent .0005

Seeking a material light enough
yet strong enough to protect their
Marker Beacon Antenna against
terrific air pressure differentials,
Electronics Research, Inc.,
encountered plenty of obstacles—
until they found Nopco Lockfoam.

Today those obstacles are
no more. Nopco Lockfoam does the
job they needed done. . . offers
the light weight and low dielectric
constant they need, shields against
vibration the delicate electrical
apparatus within.

Mustrated is a half cross-sec-
tion of the Type 140 Marker
Beacon Aircraft Antenna
made with poured Nopco
Lockfoam by Electronics Re-
search, Inc., Evansville, Ind.
Before using Lockfoam, this
manufacturer was unable to
find anidealreinforcing
material which permitted air-
tight sealing without defor-
mation of the antenna cavity.
In its present construction, the
difﬂ_culﬁgs both of deforma-

tion and of possible seal rup-
ture are eliminated.

And from the standpoint
of production, states Electronics
Research, Nopco Lockfoam
has consistent pour characteristics,
and bonds strongly to the antenna
cavity walls and cover.

Perhaps the rare combination
of properties of this versatile
foamed-in-place plastic
can help with some product
you have in mind. At any
rate, you’ll want the full
story. Write today for the
Nopco Lockfoam booklet.

Plastics Division

NOPCO

Harrison, New Jersey
Cedartown, Ga. - Los Angeles and Richmond, Calif.

NEW LOS ANGELES BRANCH. To aid West Coast
manufacturers with complete field service on Nopco
Lockfoam, our new office at 4858 Valley Blvd., Los
Angeles 32, is now ready to serve you. Drop in and
get acquainted, or write.
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A Little GIANT

1 Massive, solid silver shorting bar
works against V4" diameter pure
silver contacts.

2 Heavy brass contact arms with large,
tinned solder terminals.

3 Sturdy over-travel spring made of nickel
silver spring temper for maximum contact
pressure, long life.

q Magnetic structure vutilizes high perme-
ability relay steel for maximum efficiency.

Varnish impregnated coil for moisture pro-
tection.

—
\/

Potter & Brumfield’s
MB 3D miniature DC power contactor

for very high current
applications . . .

A - e
i

! Actual Size only—
%" x 154”7 x 134" high.

\
Also Available Hermetically Sealed

"K" can enclosure— 113" x oo
26 =1

terminals rated 16 amperes. [ !f //
i YE

1%” x 28" high. Glass com-
pression type header; solder

. J
Mounting: three 6-32 studs on &
1546” x 1%6” triangular centers.

'y 7
.

L y

Technical Specifications:

CONTACT ARRANGEMENT: 1 Form X (SPST-NO-DM)

CONTACTS: Pure silver, V4" diameter, rated *60 amperes, 28
volts DC, non-inductive load; 100,000 operations, minimum.

*(In dynamotor starting circuits contacts will carry a 150-ampere make
surge of 0.3 second duration and will breok a 15-ampere steady-state
current more than 1,000 times. Contacts also meet tests requiring 250
makes and breaks at peak of surge current. These ratings apply to any
contact voltage up to 28 DC nominal with conventional variations—32
volts maximum.)

PULL-IN: 75% or less of nominal coil voltage.
DROP-OUT: 50% or less of nominal coil voltage.

VIBRATION RESISTANCE: 10-500 cps, 10G minimum, three
planes—energized and non-energized.

COIL VOLTAGES: 6, 12, 24, 110 DC.

1=

MOBILE

o

RAILROAD

et

MARINE

COIL RESISTANCES: 13.3, 62.3, 245, 3670 ohms.
BREAKDOWN VOLTAGE: 500 RMS, minimum.

MOUNTINGS: Four 3-48 holes on 38" centers; four 5-40
holes on ¥ x %s” centers or four 4-40 internally threaded
bosses ¥2” long on %" x %s" centers.

{Stocked by your local Electronics Parts Distributor with one mounting . . .
four 3-48 holes on %" centers.)

APPLICATIONS: Ideally suited to dynamotor starting applications
in mobile, aircraft or marine equipment. Also readily applicable to
other high current, DC circuits. lts small size and light weight make
the MB3D a natural for any high current circuit where space and
weight are at a premium. Samples and quotations provided on
request; specify winding, adjustment, termination and mounting.
Write Potter & Brumfield, Princeton, Indiana. Sales offices in
principal U.S. and Canadian cities.

s oS

INDUSTRIAL AVIATION APPLIANCES



B

Potter &8 Brumfield
offers you the benefits of

20 years’ custom engineering
... with more than 100 Basic Relay Types!

These basic relay types have been evolved from the design 2 Lower Costs—Because these relays are already
tooled and manufactured in production quantities—

and production of more than 15,000 different custom relays.
a substantial cost saving is passed along to youl

Used as they are or with slight modifications they will fit

most any and all applications. 3 Fast Delivery—Orders for standard relays can be
filled from stock or with minimum delay.
Thus you are assured of: 4 Avdilable through Distributors—Standard

types available through P & B franchised Electronic

1 Proven Design—P & B standard relays have been
field tested under all kinds of conditions, thereby
giving fong, trouble-free service.

POWER RELAYS

. Heavy (PR} and medium {MR})

Parts Distributors in all principal cities.

Potter & Brumfield engineers are available for consultation

on special relay problems—design or application.

PLATE CIRCUIT
RELAYS—Actuate on few

SUPER SENSITIVE
RELAYS Operate on less

duty. For across the line power "ﬂ, - ’f‘”“w""& Fit o C'PP"C'G' P . N’fan 19 MW, pual coils, IQG
circuits, high current switching : tions. LM series also avail- {"r . wbm'.lon resistance. Wide
—SPST to 3PDT. o ﬂ- able. From SPST to DPDT. E '§" versatility. One Form C-SPDT.
LB 33
IMPULSE RELAYS AN
LIGHT DUTY RELAYS h % 400 pYCLE AC RELAYS
Smoll, light weight, sturdy k- Automatic stop prevents B For aircraft or ground equip-
y : . - backlash. Precise, titi 4 i
Withstand high vibration and “ s:iich?r:g re;?:lcrl:l!essr?:f,i);):: » ’]“;"6' hw':(h:“"d beﬁrer than
shock. From SPST to 3PDT. ) == A 10G shock. Heavy cast mount-
ating speed. DPDT or 4PDT. ing foot. SPST to DPDT.
AP AF
MULTIPLE CONTACT . , TELEPHONE RELAYS : SUPER MIDGET
RELAYS—LOngef coil pro- mweE= A Meet practically all telephone ! by RELAYS-“"Y undArugged
vides power sufficient to ac- B S relay requirements. Many &‘i —plug-in—SPDT. High de-

tuate additional contacts. For
multiple switching—SPST to
4PDT.

contact combinations. MH, MT,
LT and ST types also avail-
able.

gree of resistance to vibra-
tion and shock.

MH SM
] "‘ ””}5
Mz~ +  MULTIPLE LEAF MOTOR STARTING SUBMINIATURE
; 3 RELAYS For temperature, RELAYS Voltage con'rol!ed f SENSITIVE RELAYS
' indicatin r protective cir- to insure throwout of starting N Standard 7 pin plug-in. Rug-
L& d g or pro v - Lo
cuits. Heavy, tin-coated phos- winding when motor reaches (‘/’W gedized for vibration and
phor bronze contact springs. rated speed. SPST-NC or 2 shock, Operating power
sy From SPST to 4PDT. SPST-NC-DB. A 25MW. Contact load 2 amps.
PW
g HEAVY-DUTY SHOCK- MINIATUREDC POWER
=N BAUCHILIE BLELAE @ PROOF RELAYS Can be % CONTACTOR — Heavy
1).‘ 1 ZO.C ~—hign utility scwl ching. mounted in any position. Par. 9 duty contacts, rated 40 am-
oils operate on AC or DC. ticularly resistant to vibration Nt peres, 28 V DC, non-induc-
::Irag‘tepg; SuiRanlh A &7 and shock. From SPST to S tive load. Rugged construc-
LK o i DPDT. . g tion. Withstands high vibra-
MB g tion and shock. SPST-NO-DM.

ALL P & B STANDARD RELAYS CAN BE SUPPLIED WITH DUST COVERS OR HERMETICALLY SEALED CANS WITH SOLDER OR PLUG-IN HEADERS

Write home office in Princeton or phone your local
P & B Sales OFfice for new master catalog describing
our wide line of basic relay structures, housings and
enclosures. Samples, recommendations and quota-
tions promptly furnished on special applications.

P & B Standard Relays available at
your local Electronic Parts Distributor

Potter & Brumfield

PRINCETON,

INDIANA

EXPORT: 13 E. 40TH STREET, NEW YORK, NEW YORK
SALES OFFICES IN PRINCIPAL U. S. AND CANADIAN CITIES
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The new Pye 50 watt VH.F. FIXED

STATION is of an advanced design employing the latest

techniques. It is ideal for use in normal fixed and mobile

schemes where high powered transmitters are required and

may also be used for point-to-point radio-telephone links.

A further application is in the aeronautical band where the
50 watt transmitter, together with the standard Pye fixed
receiver, provides one of the most efficient ground-to-air

control stations at present available in the world.

N
’

Telecommunications

Pye (New Zealand), Ltd., Pye Canada Ltd., Pye-Electronic Pty. Ltd., Pye Ireland, Ltd., Pye Radio & Television (Pty.) Ltd.,
P.O. Box 2839, Ajax, 65 Park Street, Manor Works, P.O. Box 10648,
Auckland C.I, Ontario, Abbotsford, Melbourne, Dundrum, Dublin, Johannesburg,

New Zealand. Canada. Victoria, Australia. Eire South Africa.

PYE LIMITED . » CAMBRIDGE <+ ¢« ENGLAND
E2
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1% stable

voltage
in face of
30% line

variations

TYPICAL EXAMPLE OF SOLA VOLTAGE REGU-
LATING ACTION, The recording on the left
represerts a fairly common condition of voltage
fluctuation on a 115v line, The chare on the righe

Voltage-sensitive electrical and electronic equipment
can not operate to performance specifications under
conditions of voltage fluctuation. A source of constant
voltage can be easily supplied with a Sola Constant
Voltage Transformer . . . built-in as a compenent, or

used externally as an accessory.

STANDARD TYPE CV

HARMONIC-NEUTRALIZED

Twenty-nine units from 15va to TYPE CVH

10kva in a common power line and  §ix units from 60va to 2kva . . . in-
ﬁlnme_t']_r volrage ratings . .. regula- put range 95-125v, oqutpur 115v . . .
tion 1 or_less wnly; a total 3] the features of the Standard Type
primary variation of 30% . . . for CV plus a harmonic nzucralizer eir-

clectronic and electrical equipment

sl cuit . . . =1% regulated voltage with
requiring close regulacion.

less than 3% harmoaic distortion.

SOLA

Transformers for: Constant Voltage . Flyorescent Lighting .

SOLA ELECTRIC CO., 4633 West 16th Street, Chicagc 50, Hlinois, Bishop 2-1414 o
LOS ANGELES 26: 2025 Sunset Bouleverd .
KANSAS CITY 2, MISSOURI: 406 West 34th Street .

NEW YORK 35:
CLEVELAND 15:

103 East 125th Street .
1836 Euclid Avenue L]

66

Two ua¢ voltage supply units. 250va
and 500va . . .
ourpur range a-ljustable from G-130v

work, testing and other applications,

Coniontt Vollinge

TRANSFORMERS

Cold Cothode Lighting .

was made at e¢xactly the same time from the same
linc, The primary of the Sola regulator was fed the
voltage charced on the lefe, the voltage charted on
the right represents its secondary output. regulaced
to within =1% of 115v.

Among the chief advantages of Sola regulators are:
dependable, automatic operation (static-magnetic regu-
lation) . . . substantially instantaneous responsc (1.5
cycles or less) no maintenance (no moving or
expendable parts) . . . and immediate availability (40

stock units in a wide variety of ratings).

Wl

ADJUSTAELE, HARMONIC-
NEUTRALIZED TYPE CVL

PLATE AND FILAMENT TYPE CVE
Three units in popular power supply
ratings . . . 4 singic, compact source
of filament and plate supply voliages
.. . regulated to within =377 or less
with line voleage sariations of 100-
130 volts . . . supplied with separate
capacitor for chassis mounting.

input range 95-125v.,

. regulated 1%, harmonic distor-
tion less than 2% . . . for gencral lab

Write for a 28 page hbulletin with
complete electrical and mechanical
specifications on these Sola units.
Request BULLETIN 7F-CV-200.

Mercury Vapor Llighting L Plastic Signs
BOSTON: 272 Centre Street, Newton 58, Mossachuseits
PHILADELPHIA: Commercial Trust Building

Representatives in Other Principal Cities

June, 1954 — ELECTRONICS
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to all maintenance problems
with ADLAKE Mercury Relays?

Type 1133 ADLAKE
three pole load relay...

"L OPERATING
VOLTAGE

NORM

contact normally open

THE &
CHiCAQ0,

® Thanks to their positive, leak-proof seal-
ing...their sure-fire mercury-to-mercury contact

. their immunity to normal vibrations and
temperature changes)...thousands of satisfied
users in every branch of industry can testify
that ADLAKE Relays literally need no mainte-
nance whatever!

ADLAKE Relays have won their place by proven
dependability —year in and year out—in jobs
that conventional relays can do in an uncertain

%\ of serving the lmnxpolwhon
NSy, ond buiding industries

ELECTRONICS — June, 1954

CONTACTS SECONDS! MIN. I max.] i
Y OPERATE

RELEASE

MS & wEsY
ELKHARY, IND

manner at best! For every ADLAKE Relay is
tested —and guaranteed — to meet specifications!

Yes, in chick incubators or diesel locomotives—
for street traffic control or long-range navigation
—wherever sensitivity and dependability are
required—you can count on ADLAKE. Send for
complete ADLAKE Relay catalog today...write
The Adams & Westlake Company, 1171 N.
Michigan, Elkhart, Indiana. In Canada, write
Powerlite Devices, Ltd., Toronto.

?\"[fams § Westlake

COMPANY

Established 1857 o ELKHART, INDIANA o New York e Chicago
Manufacturers of ADLAKE Hermetically Sealed Mercury Relays

www._americanradiohistorv com
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FRICTION CLUTCHES

.
Aok
e

L 5

LINK

AVIATION

S

BASE AND UPRIGHT
_r PLATES

% Link bridges the gap between laboratory
and production with a completely new ap-
proach to component design. So skilfully are
the servo parts correlated, so precisely are
they produced, that the same units—mechan-
ical and electronic—can be used interchange-
ably in laboratory prototypes and actual
production models. This new technique as-
sures in-use performance during research—
cuts costs in production design—saves time in
tooling-up for new models in the fast-chang-
ing electronics field.

Manufacturers of the world-famous Link Trainers o

fractional h.p. wide range variable speed drives

friction and over-drive clutches @

ratio voltmeters o precision potentiometers

68 June, 1954 — ELECTRONICS ]
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GEAR BOXES

% Hi-Precision base plates and brackets stay in place, eliminate
alignment problems — yet permit full design flexibility.

% Combine servo electronic and servo mechanical units on the same
base plate. Provide a single complete packaged unit.

% Hi-Precision manufacturing standards that assure accurate servo
operations. All mechanical units are held to close tolerance.

% Mount the completed servo unit in an upright position or flat — to
best fit specific needs.

% Hi-Precision Summing Amplifiers and Servo Amplifiers, plug-in
type that offer outstanding reliability in extremely light-weight, com-
pact proportion.

% Phase detectors to switch circuits at specific amplitude — to convert
AC voltage to DC voltage.

servo-mechanisms e graphic recorders

spur gear differentials

index dials e phase angle meters

and other special electronic devices. S

BINGHAMTON, N. V.

ELECTRONICS — June, 1954

AVIATION, INC.

AMPLIFIERS — PHASE DETECTORS

GEARS — CAMS

|

|

i LINK AVIATION, INC. DEPT. E
: BINGHAMTON, N. Y
|

Rush me your complete Servo-Component
Catalog.

NAME. ... ][] [ PR a—
FIRM Lo
STIR BN s sivon sonssmssmnna i wiatetsoratssintmssdo i, S s
CITY. i, ZONE.....STATE.............
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Interval Timers

Re-Cycling Timers

MOST COMPLETE LINE OF INDUSTRIAL >

TIMERS for<{ —
automation

We manufacture a complete line of timers in these
4 broad classifications:

TIME DELAY TIMERS < RE-CYCLING TIMERS
INTERVAL TIMERS + RUNNING TIME METERS

The individual requirements of each automation
problem are best met by selecting timers designed to

perform specific functions. Whatever your timing- Qur large stocks of 17 basic types from which we
control problem, Industrial Timer Corporation can have developed over 660 combinations to date, en-
meet it with one of its standard timers, a combination ables us to make rapid deliveries in most cases . . .
of its standard units, or by designing an entirely new and excellent deliveries on special orders. Qur auto-
timing element. Our Engineering Department not only mation timer specialists will be happy to discuss your
originates new designs, but also develops modifica- automation timer requirements. Your inquiries will
tions to meet our customers requirements. receive prompt attention.

|G
Timers that Control HIULEN) INDUSTRIAL TIMER CORPORATION

the Pulse Beat of Industry 131 OGDEN STREET, NEWARK 4, N. J.
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BORG
MICROPOTS

BORG 900 SERIES 3-TURN AND 10-TURN MICROPOTS

3-TURN MODELS 931-9235 10-TURN MODELS 901-903

(F T 4100 ATIITF 41 -

SYNCHRONOUS AND INDUCTION BORG-MOTORS

1000 SERIES 2 POLE AND 4 POLE MODELS
With and Without Gear Trains

These Borg-Motors were designed specifically for in- ____.q
strumentation, contro!l and timing devices. They are -
recommended for all applications where low torque,
constant speed and long life are positive requirements.

—
For Complete Engineerin y
9 Dq aQ

SERVO-CONTROL
Borg-Motors

Two phase, 115 volt, 400 cps in-
duction type Borg-Motors for
servo control applications. Ap-
proximate size 113" diameter x 2”
long with a locked rotor torque
of 0.82 ounce-inch.

BORG EQUIPMENT DIVISION

ELECTRONICS — June, 1954
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This is another Veeder-Root ‘‘first”
. . . the latest of one of hundreds of
standard and special Veeder-Root
Counters for every mechanical and
electrical application. What do you
want to count? Write:

ANOTHER NEW VEEDER-ROOT “FIRST”
New Vary-Tally Multiple-Unit
Reset Counter gives you quick
finger-tip count of anything count-
able. Comes in any combination
up to 6 banks high, and 12 units
wide (minimum of 2 units wide).
Write for news sheet and prices.

VEEDER-ROOT INCORPORATED - HARTFORD 2, CONNECTICUT

72

Chicago 6,1ll. » New York 19, N. Y.
Montreal 2, Canada - Dundee, Scotland
Offices and Agents in Principal Cities

Greenville, S. C.

®"The Name that Counts”’’

June, 1954 — ELECTRONICS



Takes 22,000 sparks per minute
at 140-mph ... wit! |

Top of Wells' new “Super Go”
ignition coil, C-1850, is molded of
Resinox 3700. This coil out-performed
all others in racing car tests on Utah
salt flats . . . losing no spark power at
speeds up to 140-mph! Manufacturer
claims this coil on passenger cars

will give same heat and spark at
80-mph as at 40-mph, saving gas

and giving same pickup at both

high and low speeds.

Wells Manufacturing Company of Fond du Lac, Wisconsin, nceded
an ignition coil top that combined tremendous arc and heat
resistance with outstanding dimensional stability and toughness.
After extensive tests, they selected Monsanto’s thermosetting
molding powder, Resinox 3700. Speed test results proved

the wisdom of their choice!

Resinox 3700 is the ideal all-around material for magneto ignition,
motor control and electronic circuits, and other electrical applications.

It combines high arc-resistance with excellent dimensional
stability. Eliminates undesirable after-shrinkage.

It has relatively good impact resistance and outstanding
moldability, including good transfer molding properties.

It offers superior heat resistance.

Perhups Resinox 3700 is exactly what you need to solve an electrical
equipment problem. Write today for full information!
Resinox: Reg. U. 8. Pat, Off.

- I

SERYING INDUSTRY...WHICH SERVES MARKIND

r

MONSANTO CHEMICAL COMPANY, Plasti ivisi
O hheld 2 Mass , Plastics Division, Room 2502,

Please send me complete information on Monsanto’s new Resinox 3700 arc-resistant material.
Name & Title
Corpany
Address

City, Zone, State

ELECTRONICS — June, 1954 73



NRC Rotary G
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Experience proves NRC high
vacuum Rotary Pumps pump down
faster. Employing the revolutionary
Gas Ballast principle, they're more
efficient both mechanically and volu-
metrically especially at low pressures.
They permit minimum blow back and
leakage past the pumping members.
Since vapors won't condense in this
pump, fast pump down time is always

maintained.

The efficiency of NRC Rotary
Pumps makes for substantial savings.
NRC'’s special inlet design screens
out dust and foreign matter — pro-
tects pump parts from undue wear.
Dynamic counter-balancing results in
minimum vibration. Easier to service.
More dependable to operate. Users
report long life, low operating costs

under the most adverse conditions.

Send today for new Bulletin explaining the Gas
Ballast principle plus complete eperating and
construction daia.

National Research Corporation

Equipment Sales Subsidiary: NARESCO EQUIPMENT CORPORATIGN
160 Charlemont St., Newton Highlands é1, Mass.
OFFICES: PALO ALTO, CALIF. o CHICAGC o CLEVELAND ¢ NEW YORK C/TY

74
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HEADSTART ONR

Bendix-Pacif ¢ maintains its trad tional
leaderchiy in aviation by preparing today
for tomorrow’'s engineering demands.
F o ol S 5 HYDRAULICS
Frcm ti e new Facific Division Engineer- \
ing Build'rg wil® come new developments
in hyd-aualics, electro-mechanics, and
airtorne racar. It is the first unit in
Pacific Dwvision’s long range engineering
program, representing the newest and
cne of tHe most complete development
faci ities in America.

TELEMETERING

ELECTRO-MECHANICAL

o im‘(ﬂlefumm s ULTRA SONICS

¥y :'A.VIAZ‘_O r
Za | CORPCRATION

PACIFIC DIVISION « Bendix Aviation Corporation I
11600 Sharman Way, North Hollywood, California \ Q‘(flf‘

Canadian Distributors:

East Coast Office: Export Division: Bendix International
Aviation Electric, Ltd., Montreal 9

475 5tn Ave., NY 17 205 E. 42nd St., N.Y, 17
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WHAT ARE YOUR

/ SLIP RING ASSEMBI.Y

| REQUIREMENTS?

e iy ¥ . .
™ SIS SRS socsraamsssestaile
] / L
= -
' ?
'

list them on the dotted lines: /

Complete PMI Slip Ring Assemblies we have made range in size from .080” diameter by .450” long
to 40~ diameter by 8’ high, weighing as much as 3100 Ibs. We can make them smaller or larger —
tailored to your exact requirements.

: aplz'catio;z. 2 _

PMI Slip Ring Assemblies surpass severe shock, vibration and water test conditions of MIL-E-2036A
and MIL-T-17113 . . . provide trouble-free operation at 60,000 feet, resist fungus and corrosion.

electrical data. ..

PMI Slip Ring Assemblies have a Voltage Range from microvolts to more than 20,000 volts corona free;
Current Range from microamps to more than 600 amps; number of circuits more than 500; typical Brush
life 14 million linear feet; Frequency from DC to more than 60 mc.; Noise Level under all customer
specifications has been met or bettered.

qztmztity. . ‘

Production on small Synchro Slip Ring Assemblies runs as high as 1000 per day. Ample manufacturing
facilities make low-cost large runs possible.

NAME ... ... p—— POSITION - AT D) 40T 4

COMPANY. . ... ... ADDRESS ... . P

If your requirements are in the specification stage or in production, PMI engineers will submit, at
your request, a design layout or evaluate your present design layout for possible measures of economy or
efficiency. Our diversified experience in designing and manufacturing Slip Ring Assemblies

can save you time and money. Mail this page today.

P M INDUSTRIES, INC., - sramrorp . conn.

DESIGN ¢ DEVELOPMENT ¢ PRODUCTION ¢ ELECTRO-MECHANICAL ASSEMBLIES
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WHY generate when you can convert?

GETDCDIRECTI.Y FROM

FEDERAL'S
FTR-3352-AS
POWER
SUPPLY <

Federal

SELENIUM RECTIFIER
EQUIPMENTS

RATINGS
NO costly, bulky, moving equipment to buy . ..
no expendable parts to replace frequently ... vir- CODE A-C INPUT D-C OUTPUT
tually no maintenance! NUMBER VOLTS PHASE CYCLES VOLTS AMPS.

No wonder Federal's compact, silent, rugged,
ever-dependable selenium rectifiers are the eco- FTR 3115-J5 e ! 50/60 15 1
nomical and efficient way to get DC. .. for cl.“lucl«.:s, FTR 3116-BS 115 1 50/60 115 B
brakes, clutches, drums, pulleys, relays, circuit-
breakers, motors and many other applications . . . FTR 3117-HS 115 1 50/60 115 10
for all DC needs of the machine tool industry.

Federal Equipments are ready to connect to your FIR 3117-JS 230 ! 50/60 15 10
AC source ... ready to deliver uninterrupted serv- FTR 3152-AS 2?13'6" 3 50/60 ;;g ‘2‘-‘2‘
ice. Powered by Federal’s completely inert seleni- CPT e e
um rectifiers, their life is practically unlimited. All FTR 3153-AS 440 3 50/60 230 3.3
are conservatively rated ... with a wide margin of FTR 3154-AS 220 or 3 50/60 115 8.8
safety to withstand momentary heavy overloads. 2;;;0 ﬁg 1;‘4

1f the DC output you need is not listed in the FTR 3155-AS iyl 3 50/60 230 6.
table, Federal will gladly design and build to meet T i 220 or 0/60 115 26
any specific requirements. Fill out and mail the il2R 225,55 440 ) =t 230 13
Gl SoTpemn oLy MAIL COUPON TODAY for data on avail-

able FTR equipments, or any desired rating:

L T A e WE oA i E e i
#America’s first and largest manufacturer of selenium rectifiers Federal Telephone and Radio Company

@ i Sel2nium-Intelin D2pt., Clifton, N. J. Dept. E-313
= =
".,b ," Send tomplete data on D Send preliminary data
one b l FTIR code numbers on the following
. . % . l indicated below: rating:
] P l FTIR. coovovonmonsvosns S s s mosp o o oot peiel
Telephone and Radio Company {m............ ... .y ¥
A Division of INTERNATIONAL TELEPHONE AND TELEGRAPH CORPORATION l Corepany. .
selenium-intelln Department: 100 Kingsland Road, Clifton, N. J. l Address
In Canada: Federal Electric Manufacturing Company, Ltd., Montreal, P. Q. l s
Export Distributors: Internotional Standard Electric Corp., 67 8road St., N.Y. ' !
ELECTRONICS — June, 1954 77
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FASTER STARTING AND STOPPING HELPS THIS AUTOMATIC LATHE TO PRODUCE MORE

General Electric Selenium Rectifiers
Help Make This Lathe More Productive

Speeding up starting and stopping
operations has increased the produc-
tivity of many of today’s finest machine
tools. In the Sunstrand automatic lathe
pictured above, an electric brake and
clutch combination starts and stops
the machine spindle. Another electric
brake provides a fast stop when the
tool carriage is advanced to the work,
or backed off to the unloading position.

D-C POWER to operate the electric
brakes and clutch or this lathe is sup-
plied by General Electric selenium rec-
tifiers shown in the smaller photo-
graph. Their high quality (see C.E.

’

D-C POWER for the lathe's clutch and brakes
comes from this selenium rectifier.

Hamann’s article at right) makes G-E
selenium rectifiers ideal for almost all
machine tool applications.

TOP PERFORMANCE of G-E selenium
rectifiers is the result of a unique
“evaporation’ process and careful in-
spection and testing. Besides providing
stacks with exceptionally low forward
voltage drop and low reverse leakage,
this process assures greater uniformity
of these characteristics among different
stacks. These qualities last in service,
On test in the laboratory, and on-the-
job in almost every field of application,
G-E selenium rectifiers are demonstrat-
ing their extremely slow aging.

OTHER APPLICATIONS for G-E selenium
rectifiers include supplying power to
operate d-c relays in various control
circuits and as components in elec-
tronic equipment. A complete range of
ratings is available in either open stacks
or various types of sealed cases to meet
special operating conditions. Contact
your nearest G-E Apparatus Sales
Office for complete information, or
write Section 461-33, General Electric
Company, Schenectady 5, New York.

;% can pul  yoer con Lnce 27 —

GENERAL &3 ELECTRIC
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METALLIC RECTIFIER
FACTS FOR ENGINEERS

Quality
by C. E. Hamann

One of the most overworked terms
used in the selenium rectifier in-
dustry is ‘“high quality.” Every
manufacturer claims “high quality”
for his product. Every user wants
“high quality” in the selenium com-
ponents he buys because the quality
of the end device can be no higher
than that of the components as-
sembled into it.

There are many yardsticks for
measuring the quality of a selenium
stack. Electrical characteristics, for
example: low forward drop and
low reverse leakage. Often one is
sacrificed in favor of the other.

[TOW FORWARD BROP ]

LOW LEAKAGE ‘----+-

T UNIFORMITY '.'.'!l'll'l'!!'.l

[""!.".'T.‘.'!'l' STABILITY ::'.'.'I.'.‘!'I'!T!'i

I"'!'?'."l.'! T RELIABILITY  (WTITTTTT

Which ““yardstick’’ measures quality?

Real quality insures that both the
forward and the reverse character-
istics are good.

Uniformity of characteristics is an-
other yardstick. If the characteristics
vary from stack to stack the per-
formance of the end equipment will
be questionable.

Stability is another important
standard in determining quality. The
initial characteristics must be good,
but they must stay good and not
deteriorate with time and use.

Reliability is still another measure
of quality. No matter how liberal
the manufacturers replacement pol-
icy, frequent failures in the field
are costly to the equipment manu-
facturer, and annoying to the equip-
ment user.

All of these yardsticks must be
considered carefully in determining
quality. To really earn the title
of “high quality” a selenium stack
must measure up to a high standard
of performance by every one of
these yardsticks.

General Electric Company
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Hote These Advantageous Properties

ALSIMAG 576
uNIT iy

PROPERTY

Impervious

Water Absorption

TIGHT

GAS PRESSURE AND VACUUM
Standard Body Colors f Whita
e .
Pink
513 (L-5A)

Alternative Body Colors

Safe Temperature at
Continuous Heat

1 ﬁ% .. —'_iurdness )
X ] Th 1 E i o o
A o |

Tensile Strength

ye

LOW TRE
. 20 000

140 000
40 000

Lbs. per s4. in.
i, SRR

Lbs. per sQ. in.

Lbs. per sq. in

Compressive Strength

Flexural Strength
Dielectric Strength
(step 60 cycles)

.
EXCEPTIONAL STRENGTH _

Volts per mil 250

Test discs Yo" thick |
. 25°C. \ > 10
Volume 100°C. Ohms 2.cx10%
Resistivity 300°C. per 5.0x10!¢
at Various 500°C. centimeler 1.0x10°
Temperatures 700°C. cube 3.0x10°
: . = ; : ) 900°C. 9.0x10’
e : = °c. 800
B LIGH INSULATING RESISTANCE OV Te Value | LS (558
: i ( 60 Cycles 8.4
Dielectric 1 M.C. 8.3 _ .
Constant 10 MC. 8.2
100 MC. i el

[ 60 Cycles
Power Y L MC.
Foctor 1 10 MC.

1100 MC.

60 Cycles

Loss 1 MC.
Factor 10 MC.
100 MC.

53RD YEAR OF CERAMIC LEADE
RSHIP DI
AMERICAN LAVA CORPORATION M:c:'::zs:o . EXTRUDED
e METALLIZED

A Subsi r f Minneso Minin d Manufacturin mpan
sdloyo soto ing an u gCo Y

EF,HATTANOOGA 5, TENNESSEE
1€ES: METROPOLITAN AREA:
A: 671 Broad Street, Newark, N. 1., Mitchell 2-8159 < SYRACUSE BU”ef 524
in sent on re
, quest, shows

N. Y.. 204 Hording Pla Pho 9. o VELAN clid Avenue, Room 2007 E . . .
g Place, ne 9-0656 m xptess
CLEVELAND: 5012 Eudli 0 p 1 | I 1
-6685 ENGLANO: 1374 Mass. Avenue, (umbvidge, Musw(huselm Kirkiond 7-4498 A-
q 7 PHIL
1-6685 * NEW NO 7 S O'd llle|0”IZ€d ermernic 1 rmi O|S
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P.H A . treet, Stevenso -2 g (o] S marerica JSTOM Mm
‘»4]95? i' l (H}FAGO: 228 N. LaSalle St., Central 6-]721. M SOI U L]WES loi 'A" Greer ’(0 "P’ﬂi ‘Y
5 Qriole Drive, Dallas 9, Dixon 18 - l: .? i pp | p '
6815 QO D LOS AMGELES. 5603 N. Hunti gton Drive, Cupilm 3 “‘l I‘ | |‘ p l
9 99 L o 9114 l)e sSuU e(i rom 1 y. eIICI b'Ue |i

WwWWWwW.americanradiohistorv.com



MICRO SWITCH Precision Switches

GOOD DESIGN

A PRINCIPLE

High Temperature
Basic Switch

OF

A

Long-life
Subminiature Switch

F

Subminiufure
Push Button

Y - M swich N, 8
\ , -\71
oy S .y _l_ » i
Ii I . 64
8 M'(RO SW'TCH i
i ,.Tw < J '- !
Subminiat fe— 25 s
ubminiature T

Rotary Selector Switch

There are uses unlimited for these
small MICRO SWITCH precision switches
in electronic devices and instruments

A This subminiature switch is capable of operations
in excess of 20 million. It is an improved type of the
basic subminiature switch and is available with either
solder post or turret type, wrap-around terminals.

B The high temperature basic switch will operate sat-
isfactorily in a temperature range of from —50° to
+1000°F. Originally designed for jet aircraft applica-
tions, it is equally useful for any application which
requires a high-temperature switching coniponent.

€ The subminiature rotary selector switch uses from
2 to 8 single-pole, double-throw subminiature switches
to control from 2 to 16 electrical circuits. It permits 2

to 8 switching positions with spring or manual return
to neutral position.

D This sealed toggle switch is supplied with an ex-
ternal panel seal and an internal bushing seal below
the bat handle. It has a bushing for panel mounting
and may afso be supplied with keying tab.

E The subminiature push button switch assembly is
composed of two single-pole, double-throw subminiature
switches. The plunger provides an unusually good snap
make and break. Available with red or black plastic
buttons and either solder post or turret-type, wrap-
around terminals.

MICRO SWITCH eéngineering service, fully experienced in every type of switch use, is

available at 16 branch offices to consult with you on your switch application problem.

A call to the branch office near you may save time and money. There is no obligation.
switches. Available in a wide variety of sizes,

[ shapes, weights, actuators and electrical char-

MICRO SWITCH provides a complete line of
extremely reliable, small-size, high-capacity,
snap-action precision switches and mercury

F o . A DIVISION OF MINNEAPOLIS-HONEYWELL REGULATOR COMPANY s
acteristics. For alltypes of electrical controls.
- | FREEPORT, ILLINOIS
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TRIFLUORD
Published by TECHNICAL SERVICE, Chemical Manufacturing Division, The M. W. KELLOGG Company JUNE-JULY, 1954 CHLORO

New Cap Connectors of KEL-F 5
Polymer Widen Tube Service Range...
Cut Altitude, Moisture “Arc-Over” !

Exceptional moldability of
KEL-F and special equipment per-
mit the “insert” molding of grid
cap leads and resistors into a one
piece insulated jacket. Conven-
tional wire holes are eliminated,
preventing insulation “pull back™.
Zero moisture absorption of KEL-I
polymer and the elimination of
wire holes precludes moisture col-
lection which formerly caused are
over” under high humidity.

The high insulation resistance
and dimensional stability of KEL-IF
polymer over a wide temperature
range (minus 320°F to plus 390°F)
permits use of these connectors in
critical installations subjected to
extremes of temperature.

Alden Products Company, Brock-
ton, Mass., uses NEL-F triffuoro-
chloroethylene and a special mold-
ing technique to produce an entire
series of connectors. Variety in.
cludes top- or side-connected leads,
with or without resistors.

R

FLUORD

CARBON
PLASTIC

This is the fourth important price reduction since the TRIFLUORD
introduction of KEL-F polvmer products in 1948. It HLORO

cuts prices up 1o 25%in ton lots, and as much as 42% for ETHYLENE
POLYMERS

small quantities nominally used for experimental work.

The reduction is made possible by the rapidly expand-
ing acceptance of KEL-F polymers and the manufac-
turing economies achieved in Kellogg's new production
facihties.

NEW PRICE SCHEDULE —Effective May 17, 1954

High Low
Density Density Plasticized
1-99 pounds . - . $10.00 . . $9.50 . $11.00
100 - 1999 pounds 9.50 9.00 . 10.50
2000 pounds and over 9.00 8.50 10.00
F.O.B. Jersey City WAXES

GREASES




TRIFLUORD
CHLORD

ETHYLENE
POLYMERS

MOLBING
pOWBERS

DISPERSION
COATINGS

TRIFLUORO
CHLORG
ETHYLENE
POLYMERS

0ILS
WAXES
GREASES

DESIGN and PRODUCTION NEWS

CONTINUED FROM PREGEDING PAGE

“Spaghetti”, Flexible in Sub-sub-zero
Temperature, Protects Against Oils,
Chemicals and Moisture!

This smooth extruded “spaghetti”
sleeving for aireralt wiring muade of
KEL-F polymer, is in a class by itself.
Not only does it have a high dielectric
strength of from 2300 to 5000 volts per
mil. and exeellent are resistance. but it
will stay phiable and resist eracking and
splitting even after prolonged use at
temperalures from minus 140°to 300°F.
The unique phyvsical and chemical
properties of this Huoro-chloro-carbon
plastic permits the lightweight but
tough sleeving to remain unuffected
under constant exposure to chemicals,
oils, or aircraft fuels.

Resistoflex Corporation of Belleville,
N.J, manufactures several grades of
“spaghetti” and rigid sleeving, made
from KEL-F polymers, under the name
Fluoroflex =~ C™**,

** Trade mark of Resistoflex Corporation

For further information ask for
Application Report E-105

Leading molders, extruders and fabri

II cators spectalize in the production of mate-
rials and parts made of “*Kel-F** .. . each
month this column will spotlight several

| of these companies with their principal
services and products. ‘

'~ International Resistance
Company
Philadelphia, Pa. ]
Extrusion, Compression, Transfer &
Injection Molding
Terminals, Resistors, electronic com-
ponents |
Extruded Rod & Tube
| Molded Rod, Tube & Sheet

Surprenant Manufacturing I
Company

Clinton, Mass.

Extrusion

Insulated Wire

Extruded Rod, Tube & Spaghetti
| Tape, Strip & Monofilament

Tri Point Manufacturing &
Developing Co.

Brooklyn, N. Y.

Machining
The United States Stoneware
Company

Akron, Ohio

Corrosion Control
Dispersion Coating

Recent Significant KEL-F
Polymer Developments. ..

“Lug” type pressure rupture discs now use
extruded film nol only to protect
dises against corrosion damage. but

as pressure and vacuum seals.

Wavemeter test probes (microwave control)
use molded insulation for consistent
performance in high humidity and

under thermal cyeling.

Heater coils and plates for severe chemical
service are protected with “‘baked
on’” coatings of KEL-I' polvmer

dispersions.

Indexed commutators for computors now con-
sist of a molded plastic cvlinder
with intricate conduetive inserts.

High dieleetric and non-carboniza-

tion of polymer improves perform-

ance.

www americanradiohistorv com

‘igit the KEL - F
POLYMER EXHIBIT a¢
the 6th Annual

Plastics Show.

June 7-10« Cleveland.Ohio

CHEMICAL
MANUFACTURING
DIVISION

M. W. KELLOGG

~
PULLMAN




To 19854 Engineers...

Where will you be in 19647

Will you have shifted from job to job, seeking the “right spot” and never
finding it? Or will you have moved ahead steadily at one company,
gaining recognition and promotion through achievement?

The answer to those questions depends on more than ability and
ambition. It also depends on opportunity . . . opportunity to show what
you can do. . . opportunity to make hard work and accomplishment
pay off in promotion . .. the kind of opportunity you get

at Lockheed, working on such diversified projects as huge luxury
airliners, jet transports, nuclear energy, fighters, bombers,

trainers, vertical rising aircraft and other classified activities.

There are other important yardsticks with which to measure a job:
salary, extra employee benefits, living conditions. All standards that
tell you today’s job is a good one; all excellent at Lockheed.

But it is opportunity that makes a Lockheed job a position of the future
— a position that in 1964 will enable you to look back on
a record of achievement you earned because you had the opportunity.

Lockheed invites inquiries from Engineers who seek opportunity
for achievement. Coupon below is for your convenience.

Lockheed has
career openings for:

Electro-Mechanical Design Engineers
with a degree in Electrical Engineering
and extensive experience in circuit analysis
and design and electro-mechanical experi-
ence in servomechanisms and autopilots

Electrical Design Engineers
with a degree in Electrical Engineering and
experience in aircraft circuit analysis
and electrical design

Electrical Installation Design Engineers
with a degree in Mechanical or Electrical
Engineering and experience in design of
electrical equipment installation

Servomechanisms and Autopilot Research Engineers
with a degree in Electrical Engineering
and experience in research and testing of
servomechanisms and autopilots

instrumentation Engineer
with a degree in Electrical Engineering
and experience in instrumentation for
flight testing

Thermodynamicists
with a degree in Aeronautical or
Mechanical Engineering and extensive
experience in aircraft thermodynamics

0000000 OOPOBOOOOORPORDEOOIOOOIDODDODODDO00000000000000000000000000000000000000080000000000

Mr. B.W. Des Lauriers, Dept. EE-6

I.ockheed Aireraft Corporation
1708 Empire Avenue, Burbank, Calitormia
Dear Sir:

Pleuse send me your Lockheed brochure describing life and work at Lockheed in
Southern Calitornia.

AIRCRAFT CORPORATION Name
BURBANK « CALIFORNIA

Field of engineering

Street Address

City and State

ELECTRONICS — June, 1954 81



ees If...

Now, 35 We enter the new era of
color TV, is the time to establish y].
tra high frequency television ag a

major factor jn the medium, It can be

There g room in the frequency
°

y thlng wrong Sbectrum fo, only about 500 VHF

There s no Stations, whjle the spectrum can ac-

the greatest number of Stations. More

oth u H F E e E outlets in oach area would mean 4

WI As things stang now, jt jg difﬁcl.ﬂt

for a UHF station to make its way in
I v 8 region seryed by a couple of VHF
that c o L stations. In order to receive new UHF

Stations, the viewer must install 5

e l been successfy] chiefly in areas that
7 f have no vyp Competition.
can't Tix!

ent however, to urge that manufacturers
A : a perman instal] tuners capable of receiving
Now is the time to give UHF . p is in its both VHF apg UHF telecasts in a]]
i hile color television color sets.

lease on life—w E sees it. eventual A check of major manufacturers
infancy. As TV GUIDE se ’ Il e 62 e shows that only one Specifies VHF.
. UHF problem well may UHF tuners for 4 its color sets,
solution of the ufacturer. The The others either have made no de-
1b111ty of the set man to be cision yet of are installing them only

Ty o levision would seem to as ordered by Customers,
advent of color telev tarting point- This js 5 golden opportunity, per.
logical and opportune s haps the only opportunity thag ever
a most log will arise, to put over UHF television.
i It is evident that color sets gradually
TV GUIDE'’s reason for e‘xpreSSlngt od will replace monotone receivers over
. ial inion is easlly understood. the next fey, years. If, qqrmg the re-
its editoria op i hat our more than placement period, provision can also
feel safe in assuming tha ; be made for reception of UHF g,
e 0 TV GUIDE families will want tions, viewers wij] benefit two-folq.

2,000,00

tee
their investment in color TV to guaran
complete television enjoyment.

This editorial is reproduced fror:
the April 30th issue of TV GUID

meti i ine.....
Ameriea's Television Magazin
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CLHTER

THEE BREQRRCE
[

i M2 HE 3060

jas) | ertnce

NNIIC | 3060
CeiMis0 | 6750

.

*IMIGD | 6750 | 8% | 27
siMaE | 95 | 85 | 27 | - | 200-800
eNIC|  WTE | B0 | RO | 15 | 325475
w4 | wm7s | 55 | 15 | 15 | 35T
78 | teovo | 75 | 25 | - | 315828
Timze | ziees | 85 | 28 | -
1 | ~30000 | 85 | 28 | - | %ee-s00
I 3395 |Fig. Merit 85 Vi::o |mp:d;r;cei4K-22K

* Also available with reversed polarity

as a pistol . ..

-

Designers and producers of microwave receivers
are achieving lower noise figures over broader
bandwidths plus longer life by specifying Microwave
Associates, Inc., silicon diodes. High quality, low
cost diodes are available for all microwave bands.

For super low noise performance, specify the
1N149 at X-band and the IN21T at S-band.

The new RF adjusted 1N32 outperforms the field
for video use at S-band.

Write for catalog E54S, describing our complete
silicon diode line, MICROWAVE ASSOCIATES, Inc.,
22 Cummington Street, Boston 15, Mass.
Telephone, COpley 7-4441,

i
QA uUr

e Associates INCORPORATED
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Arthur Marquis Arthur R. Kozlowski
Design and Application Design and Application
Engineer Engineer

4

\ i:?‘. A3

John H. Smedley George D. Barcus Rollin J. Parker L

Design and Application Design Engineer Supervisor—Magnetic

Engineer Products Design and
Application

These Carboloy permanent

At the modern Carboloy magnet laboratory, in Detroit, With such complete facilities, Carboley magnet engineers
trained engineers work with the finest equipment. can give you accurate information, quickly. And, they
Where necessary, special instruments are often designed can thoroughly test their designs and the performance

by the engineers.

of the magnets in your products.

DC Recording Hysteresigraph. Si-
multaneously plots magnetie force
and resulting magnetic induetion.
Produces complete hysteresis loops,
not ordinary point-by-point readings.

High H-Permeameter. Provides Condenser Discharge Magnetizer.
point-by-point readings of magnet- Produces very large current impulse
izing force and induction. Control for magnetizing magnet configura-
table and Ballistic Galvanometer also tions that can best be accomplished
used for general flux measurements. with special field shapes.

WWW-americanradiohistorv-com



Robert J. Studders
Supervisor—Magnetic
Materials and Process
Development

Ernest E. George
Mgr.—Design and
Application Engineering

magnet engineers can help you

Edgar W. Engle

Mgr.—Product and
Process Development
Engineering

Edgar 1. Hubbard

Sales Mgr.—Permanent
Magnets

improve products, cut costs

Experienced magnet engineers, using the latest test and development
equipment, will provide complete engineering appraisal service

You can get valuable technical assistance, without
obligation, on the design and application of perma-
nent magnets, from Carboloy magnet engineers . . .
men who are leaders in the field.

Only at the Carboloy Department can you obtain
engineering appraisal service and sample magnets
from separate laboratory facilities devoted exclusively
to helping you determine the design and optimum size,
shape and strength magnets to fit your particular
application. Your product will be tested in the modern
Carboloy magnet laboratories, on the latest test in-
struments, to assure the maximum operating effi-
ciency of the magnets.

PROVED RESULTS

The assistance Carboloy engineers have given other
designers and manufacturers has paid off time and
again in lower production costs, improved product effi-
ciency, simplified assemblies and reduced product size.

You can rely on their solutions because these engi-
neers, many of whom worked on the original devel-

Three typical, successful appraisal projects:

INSTRUMENTS. Working with Thomas A. Edison,
Inc., Carboloy engineers provided the magnet design
that made possible a revolutionary fire detection
relay. Use of the proper magnets simplified the
design of the relay and reduced its size and weight.

CONTROLS. The development of the hysteresis brake
was pioneered by Carboloy magnet engineers. Now
widely used in the textile and wire rope industries,
this brake eliminates friction, while maintaining the
necessary constant tension.

TELEVISION. Carboloy magnet engineers collabo-
rated with tube engineers on the design of a new
magnetic internal focusing device. They designed
the smaller, more efficient magnets that helped
eliminate focusing dials and external assemblies.

opment of Alnico, are specially trained and experi-
enced in all phases of permanent magnet design and
application,

You can depend on Carboloy magnet sales engi-
neers, too, for authoritative and intelligent answers
to your questions. These men have intensive, special
training in permanent magnets, supporting their engi-
neering and technical backgrounds.

A COMPLETE SERVICE

Together with the engineers who are working on the
development of new magnetic materials and on the
improvement of existing Alnico grades, these men
make a complete permanent magnet team. Their sole
job is to help you utilize the tremendous potential
of permanent magnets for new and improved products.

This team can start working for you, today. Just
fill out the coupon and attach to it your company
letterhead, and where possible, blueprints or sketches
of the job. Or, if you prefer, the coupon will bring
a call by your local Carboloy magnet sales engineer.

CARBOLOY

DEPARTMENT OF GENERAL ELECTRIC COMPANY

"Carboloy’’ is the trademark for products of the
Carboloy Department of General Electric Company

CARBOLOY
Department of General Electric Company
11139 E. 8 Mile Ave., Detroit 32, Michigan

[] 1 would like magnet engineering assistance; | am enclosing necessary

information and blueprints.

[ Have a Carboloy maghet salesman call.

Name _ ___H Position.

Company
Address. —

City._ Zone State _



TO SPEED CALLS

To triple the voice-carrving capacity of coaxial
cable, Bell Laboratories engineers had to create new
amplifying tubes with the grid placed only two-
thirds of a hair’s breadth from the cathode. Further-
more, the grid wires had to he held rigidly in
position; one-quarter of a hair’s shifting would cut
amplification in half,

This coaxial system electron tube amplifies more voices
at the same time because of wider frequency hand—made
possible by bringing grid and cathode closer together.

Working with their Bell System manufacturing

partners at Western Electric, the engineers de- g':_:-;g . :
veloped precise optical means for measuring critical =~

spacing insulators. On a rigid molybdenum grid = =
frame they wound tungsten wire three ten-thou- =
sandths of an inch thick. To prevent the slightest
movement they stretched the wire under more ten- ol
sion for its size than suspension bridge cables, then o

bonded it to the frame by a new process.

The resulting tube increases coaxial’s capacity .
from 600 to 1800 simultaneous voices —another ex- o T ) . .

. Grid is shown aboce left, uctual size. Picture at right, en-
ample of how Bell Telephone Laboratories research larged 15 times, shots how wires are unchored by glass
helps keep vour telephone system growing at the bond. They will not sag despite nearness of red-hot cathode.
lowest possible cost.

g

BELL TELEPHONE LABORATORIES

FOR CREATIVE MEN IN SCIENTIFIC AND TECHNICAL FIELDS




F. W, Anderson, Sales Engineer

Philadelphia Office

=

S

‘“Holtzer-Cabot Motors Ensure Satisfaction”

“My thirty years’ experience i the motor business
enables me to fully appreciate the truly outstanding ap-
plication engineering that goes into every Holtzer-Cabot
motor. | know, too, that Holtzer-Cabot motor dependa-
bility adds greatly to a product’s perforntance and repu-
tation.

“Iere at Holtzer-Cabot, almost everv order results
from a sample motor which 1s designed to meet the
customer’s individual specifications. After ntensive test-
ing by our own engineers, the sample motor is submitted
to the customer for his approval. In every cuse, our
customers have ample opportunity of ‘proving out’ for
themselves the advantages of Holtzer-Cabot special design.

“We at Holtzer-Cabot are confideut of our ability to

develop special motors that give peak performance and
dependable service.

“We know that our motor spectabists canr solve prac-
tically any motor problem given to them and that our
sules representatives are thoroughly qualified by training
and experience.

“If yore have a fractional horscpower motor problem,
take advantage of Holtzer-Cabot’s 78 vears of experience
in developing special motors and related clectrical ap-
paratus to highest quality standards. Our mctliods and
facilities are yours to conmmand.

“Write, wire or phone. Without obligation on your
part, vour problem will get expert — and prompt — at-
tention,”

NATIONAL PNEUMATIC CO., INC. avo HOLTZER- CABOT owisions

125 Amory Si., Boston 19, Mass.

Sales Service Representalives
in Principal Cities throughout the World

Designers and manufacturers of mechanical,
pneumatic, hydraulic, electric and electronic

equipment and systems
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26 series miniature connectors

Miniature connectors with 5, 7 or 9 contacts, rack & panel
or hex nut sizes. Hood and clamp hardware available for
hex nut connectors. Fine materials, electrical efficiency,

makes the 26 series ideal in miniaturized application.

A N connectors

A complete selection of plugs, receptacles and fittings, a
wide variety of insert contact arrangements. AMPHENOL A

connectors have many unique features, including gold-
plated contacts and famous 1-501 blue dielectric material.

Keyed shepo™ availab)
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LIGHT-AS-A-PENCIL G-E MIDGET reduces operator fatigue, has longer-
lasting Ironclad tip. The Midget solders like a pencil dots an “i

EXTRA-HEAVY-DUTY G-E IRON with long-life calorized copper tip
is ideal for soldering heavy-gage cans and armature windings.

You get lower costs, faster soldering with
the complete line of long-life G-E irons

Select a soldering iron from General
Electric’s complete line for casier, faster,
cost-cutting soldering. You can choose
from 24 different irons with ratings from
25 to 1250 watts.

Long-life G-E Ironclad Copper Tips last
up to fen times as long as ordinary tips.
Ironclad tips combine the durability of
iron and excellent heat-transfer of copper.

For Soldering Small Connections, you'll
want to try the G-E Midget iron with easily
interchangeable 14-in., l4-in., and f%-in.
Ironclad tips. This 134-ounce, 25-watt
iron reduces operator fatigue, makes pin-
point connections. And because the Cal-
rod® heater is built right info the tip,
you get maximum heat transfer, amazing
heat recovery for an iron of this size.

For Medium-sized Jobs, try G.E.’s sturdy
Lightweight iron. This high-speed iron

*Reg. Trademark of the General Electric Co.

for continuous soldering takes plenty of
hard use. Because the iron has a thin
shank and interchangeable 14-in. or /%-in.
Ironclad tips, you can solder tight joints
without damaging small connections,

For the Bigger Soldering Jobs, General
Electric has larger irons ranging from
the 75-watt, Y4-in. tip unit to the heavy-
duty 1250-watt, two-inch-copper-tipped
model. With a G-E Calrod heater cast
into the heating head, you get unusually
quick heating and high efficiency.

Contact Your General Electric Sales Office
or Distributor to solve your soldering
problems. Start cutting costs and in-
creasing production with long-life, high-
speed irons from the complete General
Elect-ic line. And for more information
mail the coupon at right.

v

Sacl. 720-126, General Electric Co.,
Schenectady 5, N. Y.

Please send me Bulletin GEA-4519D,

Industrial Soldering Irone.

Company

Address

City State

|
I
|
|
|
i
I
! Name
I
I
i
|
|
|
1
|
|

GENERAL @3 ELECTRIC
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R, C anp L ACCURATELY MEASURED

RESISTANCE, CAPACITANCE, INDUCTANCE and power factor measured quickly
and accurately on this self-contained and robust instrument. Its industrial-
designed appearance fits well in modern surroundings and partners its

outstanding electrical performance.

UNIVERSAL BRIDGE TYPE TF 868

Resistance from 0.1q to Single direct reading L.C.R. | Continuousiy variable bridge
I0Mq, Capacitance from | gjal—no multiplying factors | voltage and automatic de-
lupF to 100uF, and Induct- | ;.. olved. tector sensitivity control.

ance from 1yH to [00H.
Full data and prices of any of the items listed below will be mailed immediately on request:

UNIVERSAL BRIDGE TF868 - FM DEVIATION METER TF934
FM/AM SIGNAL GENERATOR TF995 - STANDARD SIGNAL GENERATOR TF 867
ALSO
VACUUM TUBE VOLTMETERS - FREQUENCY STANDARDS - QUTPUT METERS
WAVEMETERS - WAVE ANALYSERS - Q METERS - BEAT FREQUENCY OSCILLATORS

MARCONI INSTRUMENTS

23-25 BEAVER STREET : NEW YORK 4

CANADA : CANADIAN MARCON| CO., MARCONI BUILDING, 2442 TRENTON AVENUE, MONTREAL
ENGLAND: Head Office: MARCONI INSTRUMENTS LIMITED, ST. ALBANS, HERTFORDSHIRE

Managing Agents in Export; MARCONI'S WIRELESS TELEGRAPH COMPANY LIMITED, MARCONI HOUSE, STRAND, LONDON, W.C.2
TG39
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on the making!

ARALDITE® Epoxy Resins developed by
Ciba Research are simplifying manufactur-
ing methods, improving product efficiency
and opening new fields of product devel-
opment. The formulator and the end prod-
uct producer will want to know more about
them. We at Ciba want to help you further
your development,

s
( N

)

Y .

3

. ARALDITE IMPREGNATED
MOORING BUOY IS STRONG
... LIGHT. .. WEATHER-PROOF
AND SINK-PROOF

(Courtesy United Paftern Company)

One-seventh the weight of a steel buoy of comparable size including the uni-
cellular filling beneath the surface skin, this newest idea in modern maritime
equipment eliminates hull-scuffing damage and is functionally superior in every
other way. Since color is “'built-in” with salt-water corrosion resistant laminate,
it stays bright and new looking, thereby minimizing maintenance. All these
advantages suggest a wide range of new and improved product development
in which ARALDITE Resins may prove the answer for you.

SEND THIS COUPON ...or write us on your company letterhead ... for
complete technical data on the physical properties and recommended pro-
cedures for the successful use of Araldite Resins for your fabricating needs.

IBA

e £ OXLEA

Name

Please send me Ciba Plastics Technical Bulletins [

(or, state specific problem.)

. SLIP RING ASSEMBLY

The exceptional casting properties of
ARALDITE Resins are demonstrated in
this unit designed to operate with strain
gauges or radar equipment. ARALDITE
Epoxy Resins provide high dielectric
strength, arc and humidity resistance
which permit a current capacity of 5
amperes per ring.

(Courtesy Airfiyte Electronics)

B

600 VOLT TRANSFORMER TYPE TWM

This example of ARALDITE Resin encap-
sulating insulation shows how completely
it may be applied to encompass coils in
housing in an application where rugged
use can be expected for the entire life
of the unit. (Courtesy Allis-Chalmers)

r—— - - -7
CIBA COMPANY INC.,

627 Greenwi
(In Canada: Ciba Co. Ltd., Ciba Bldg., Montreal)

PLASTICS
DIVISION

ch St.,, New York 14, N. Y.

... FOR SUPERIOR BONDING, CASTING, Company

Title

COATING & LAMINATING RESULTS

Address

R p—
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HYELUL X
for
HIi-E1

NOW AVAILABLE

No. 9 Speaker Magnetsx
with

6 MILLION BgqHgq max

GUARANTEED'!

Now.... fpv ke Bonst Tane

the RETMA Standard No. 9 Loudspeaker

Magnet is available with a minimum energy product
of over 6 million BH max. Made of Hyflux

Alnico V HE*, it provides the highest

energy product of any commercial Alnico.

The Indiana Steel Products Company is
proud to introduce this improved

No. 9 speaker magnet to the audio industry.
Investigate its distinct advantages

for your speaker. Price and delivery

The immediate advantages it offers information upon request.

® The highest sound level possible.

® A better transient response—resulting from
the higher gap density which increases
the damping factor—assures a full range of
tones and overtones.

THE INDIANA STEEL PRODUCTS COMPANY
Valparaiso, Indiana

Worklds bargeat Monufpstansn of Wﬂayna%

® The truest possible reproduction of sound.

|
!
|
|
|
|
|
|
I
|
|
|
|
1o users of the RETMA No. 9 Magner are: :
i
|
|
|
|
|
|
I
|
|

High Energy—grain-oriented Alnico V. I

INDIANA PERMANENT MAGNETS

92 June, 1954 — ELECTRONICS



A BIG SURPRISE
IN A SMALL PACKAG

the

new

WEIGHS ONLY 26 LBS. The most portable truly high fidelity tape recorder

ever built.

gk b s R e e
signal-to-noise ratio ov r ,and € a n
A TRUE AMPEX

is tested to meet or exceed specificat-ons.

For recording, editing, dubbing and broadcasting,

" SERVES ALL BROAD- it’s a full time troublefree machine. Major components
CASTING NEEDS have been “life tested” for an equivalent of 10 years’

normal use.

COSTS LESS THAN It's simpler and lighter, but it’s all Ampex

ANY AMPEX BEFORE —and still the best.
he

' For [ull gee i} at ‘B
description and N . N R A N
specifications, N 11\ (o}
write today o N VE o 27th

i . 10 Depr. E-1695. C May 2374

ChicagO: ——

_ -
-

934 CHARTER STREET +« REpwoon CiTy, CALIFORNIA

Distributors in principal cities (listed in the “yellow pages” under “Recording Equipment™);
distributed in Canada by the Canadian General Electric Company

ELECTRONICS — June, 1954
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There are several excellent nickel-chrome
combinations on the market. But there is only one
Nichrome*.

What is it that makes this alloy the universal
standard by which engineers judge the properties
of heat and corrosion resistance? There is always
at least one extra ingredient added to the nickel
and chrome. Thatis. .. the supreme mastery of the
Driver-Harris specialists, gained in their 55 years
of melting and drawing experience. This hard-won

skill of theirs is reflected in improved heating and
quenching techniques . . . in sp=cially developed
deoxidizing anneals . . . in expert and precise con-
trol of every technical process of the entire manu-
facturing cycle. Sometimes, indeed, there are as
many as 127 distinct operations between melting
crucible and the finished wire, strip, or rod.

In recognition of its unique properties, the
United States Patent Office ir August, 1908,
granted solely and exclusively to us the trademark
NICHROME. There is only one Nichrome, and it
is produced by Driver-Harris.

Drzver-Harris Company

HARRISON, NEW JERSEY

BRANCHES: Chicogo, Detroit, Clevelone, Louisville.
Los Angeles, Son Francisce

In Canada: The B. GREENING WIRE CCMPANY, Ltd.,
Hamilton, Ontario.

MAKERS OF THE MOST COMPLETE LINE OF ELECTRIC HEATING, RESISTANCE, AND ELECTRONIC ALLOYS IN THE WORLD

*T. M. Reg. U. S. Pat. Off.
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Westinghouse Fosterite” Transformers
must pass this 4-hour underwater test

If yow’re looking for a small, open-type transformer,
fully protected against moisture, check the line of
Westinghouse Fosterite impregnated transformers.
This four-hour underwater test proves the point:

All Fosterite-treated transformers are completely
submerged in hot water at 60° Centigrade for two
hours, after which they are “thermal-shocked” in
cold tap water, and soaked there for an additional
two hours. An electrical test is then applied, in
which each transformer must show an insulation
resistance reading of at least 2000 megohms.
Fosterite has to be good!

This is just one of many severe tests to which

Westinghouse specialty transformers are sabjected.
They assure you of quality that will meet your re-
quirements exactly . .. quality that stands up under
extreme conditions.

Fosterite impregnated and coated transformers
can be made available to meet your most stringent
specifications. In addition to moisture protection,
Fosterite makes drastic weight reductions possible
...as much as 30 to 50%, when compared to
enclosed types.

Call your Westinghouse representative for further
information, or write Westinghouse Electric Corpo-
ration, P. O. Box 868, Pittsburgh 30, Pa.  J)-70678

you can 8 SURE...iF its




DIRECT
READING

Frequency Meters

DESIGNED for easier,
more accurate readings...

Tried and true—the FXR Type 410A
Direct Reading Frequency Meters give you
bull’s-eye accuracy, right to the exact reading
spot. No more jiggling of many dials, no more
complicated calculations. Human error
factor is eliminated. These dependable
FXR units provide the most convenient means
available for determining oscillator
frequency in the microwave region.

RANGE
ON DIP
M
TYPE FREQUENCY RANGE
C410A 5.85 to 8.20 KMC/S
W410A 7.05 to 10.00 KMC/S
X410A 8.20 to 12.40 KMC/S

DELIVERY FROM STOCK ® PRICE $125 EACH*

White oy o s caltlyy of conap Ll b of D .

FAR Precieton Mocrorwave Tz %mﬂz
o 7 # s

SLOTTED SECTIONS
PROBES
o 9\ VSWR AMPLIFIER
[y
P F | SPECTRUM ANALYZERS
e
% &5

X-
e\CS & X-Rqp

Electronics & X-Ray Division
F-R MACHINE WORKS, Irc.

44-14 ASTORIA BOULEVARD, LONG ISLAND CITY 3,°N. ¥.-

*Data and prices subject to change without notice.
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A MESSAGE TO AMERICAN INDUSTRY

FINANCIAL AID TO HIGHER EDUCATION

e FIRST OF A SPECIAL SERIES

Our Colleges and Universities
Face Grave Financial Problems

For the past decade the nation’s colleges
and universities have been caught in a
destructive financial squeeze. It is partic-
ularly destructive for the independent,
privately endowed institutions. Unless ex-
traordinary measures are taken to relieve
this squeeze, it promises to become pro-
gressively worse. To let it do that is to
court a national disaster.

This is the first of two editorials devoted to
the financial plight of our colleges and univer-
sities. This first editorial deals with the charac-
ter of the problem, present and potential. The
second will indicate some things that need to
be done about it, and particularly what Ameri-
can business might do.

Enrollment Soars, Income Lags

In broad outline, the financial problem that
afflicts our colleges and universities is simple.
The demand for their services has increased
rapidly, and promises to keep on increasing
even more rapidly. At the same time, their fi-
nancial capacity to provide these services has
lagged behind, primarily because of price in-
flation.

Between 1940 and 1950, college and univer-

sity enrollment increased from approximately
1Y3 million to 2Y3 million—about 75 per cent.
Over the same period, the educational income
of these institutions, measured in terms of its
actual purchasing power, increased only about
64 per cent. Thus, at the end of the decade, our
colleges and universities as a group had, on the
average, about 6 per cent less to spend per
student than they had at the beginning. Mean-
while, the rapid advance of science and tech-
nology had made a good college or university
course a much more expensive operation than
it was in 1940. Since 1950, the latest date for
which comprehensive figures are available, the
financial squeeze on our colleges and universi-
ties has intensified, largely because of another
wave of price inflation touched off by the Ko-
rean War.

Among the colleges and universities, the
independent, privately endowed institu-
tions are particularly hard pressed. In
terms of actual purchasing power, the indepen-
dent liberal arts colleges are now spending at
least 20 per cent less per student than they spent
in 1940. Public institutions of higher learning,
supported out of tax revenues, have managed
to increase slightly their expenditure per stu-
dent. Otherwise, the financial squeeze on higher
education as a whole would be even more severe.



Why Independent Colleges Are
Hit Hardest

The principal reason why the independent
colleges and universities are so hard up is the
shrinkage in their income from endowments.
These endowments, created in other days by
gifts of generous benefactors to help pay the
expenses of higher education, have been hit hard
from two directions. During the war and post-
war years, the tax collector took so large a part
of the incomes and estates of wealthy people
that this source of endowments has been greatly
reduced. Over the same period price inflation
cut in half the purchasing power of the income
derived from existing endowments. In 1940 in-
come from endowments provided 26 per cent
of the total income of the independent colleges
and universities. By 1950 it provided only 14
per cent. The figure is still lower today.

The financial plight of the independent
colleges and universities is directly re-
flected in the salary status of their teaching
staffs. In mid-1952 a national survey showed
that, after adjustment for the increased cost of
living, the salaries of those holding full profes-
sorial rank in these institutions were 12 per cent
lower than they were in 1941-42. Junior teach-
ers, with the rank of instructor, fared somewhat
better. In terms of actual purchasing power,
their salaries declined only 2 per cent over the
12-year period, largely because there is more
direct competition for their services from indus-
try. Over the same period, the real wages of
industrial workers increased 55 per cent.

Time Will Not Provide a Cure

The plight of the colleges and universi-
ties, which is shared in some degree by
all parts of our educational system, is not
one that can be lefi to time for a cure. On
the contrary, the financial problems of our in-
stitutions of higher learning will be intensified
in the years ahead by the pressure of rapidly
increasing enrollments. Present prospects indi-

cate that during the next decade college and
university enrollment will increase by about
one-third, or from 2¥3 million to over 3 million.
The problem of increased enrollments will be-
come particularly acute toward the end of this
decade when the babies born during the great
surge of population in World War II are ready
to enter college.

Such an increase in population as that now
in prospect can be a tremendous asset to the
nation. It is still a truth, even though it is worn
a bit thin by frequent repetition at commence-
ment exercises, that a nation has no resource
more valuable than the education of its people.
And the better the education, the more valuable
the asset.

But to realize this, our colleges and uni-
versities must have the financial strength
to handle the increased enrollments that
face them in the years ahead. This means
that we must relieve our independent col-
leges and universities, in particular, from
the financial squeeze in which they are
now caught and make them full partners
in the economic well-being of the nation.
Some of the means by which American business
might help achieve this will be discussed in a
second editorial.

This message is one of a series prepared by the
McGraw-Hill Department of Economics to help
increase public knowledge and understanding
of timportant nationwide developments that are
of particular concern to the business and pro-
Jesstonal community served by our industrial
and technical publications.

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

PRESIDENT

McGRAW-HILL PUBLISHING COMPANY, INC.




Export Division:
Conadian Division:

WORLD’S LARGEST MANUFACTURER OF PRECISION RECORDING EQUIPMENT AND DISCS

PRESTO SR-Il swimo CONSOLE
| TAPE RECORDER

4

For the first time . . . a precision Presto tape recorder com-
plete with amplifier in studio console cabinet for less than el
$1000. Here are the facts about this amazing value: 5

Three triple shielded magnetic heads

* . | Here is th tl rat-
The R-11 Mechum__sm, : inzresiZekleySzleos(i)grllec:ip‘i;;e * Frequency response: 50 to 15,000 cps. (15"'/sec.

transport unit that drew engineers acclaim when it was intro- 55 db signal to noise ratio (at 2% distortion)
du<.:ed last year. Embodies the exclusive'Presto capstan drive Flutter: less than .15% (15//sec.)

unit where pressure pulley and solenoid are mounted on a
single sub-assembly for easy maintenance. Capstan and
motor are interconnected by a belt. Two torque motors, each
including its own brake system (external contracting type)
assure smooth, positive action without the usual hazard of
tape breakage. If tape does break, an automatic safety switch
instantly stops the mechanism.

The Amplifier W Actually there are two separate chas-

WA sis for amplification. One contains
the recording and reproducing channels. The second is the
power supply located at the base of the console. This
arrangement reduces noise and keeps operating tempera-
ture down.

Push button function switches

Will accommodate reels up to 10%2"

<9
%]
3

The Console Cubinet § Presto’s designers have given
: = ! particular attention to acces-
sibility of every part of the SR-11. The top panel swings up-
ward on a sturdy hinge to expose the underside of the tape
mechanism, while the amplifier opens from the front and
turns over on gimbals for access to tubes.

Ask your Presto distributor to order your SR-11 today.
You’ll never match it in value or performance.

*formerly RC-11

PARAMUS, NEW JERSEY

25 Warren Street, New York 7, N. Y.
Walter P. Downs, Dominion Square Bldg., Montreal

:
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Out of IBM’s Collator pops a tubing idea for you!

This is IBM’s Collator—a mechanical super-accountant
that shuffles, selects, matches and merges punched cards
at the rate of four per second!

Heart of this electronic gee-whizzer is an extraordi-
nary kind of tubing—a contact roll over which the
cards must pass. Eighty miniature, hard steel brushes
finger each card as it skims by—penetrate it through
pre-punched holes, touch the contact roll and close the
electronic circuit—Aflipping the card into the right slot.

Collator contact rolls must have good wear resistance
to stand this high-speed workout. And they must resist
corrosion and be good electrical conductors. So 1BM
employs Superior WELDRAWN* Beryllium Copper and

Round and shaped tubing available in Carbon, Alloy and Stainless Steels; Nickel and Nickel! Alloys; Beryllium Copper, Titanium; Zirconium

low carbon steel composite tubing for Collator contact
rolls. This tubing meets IBM’s tight specifications for
wearresistance, peak hardness and conductivity. Superior
supplies the composite tube in 115" O.D. with .049" wall,

When tubing troubles put the hex on your plans,
call on Superior.

We have years of experience, the modern test and
development facilities, and more than 55 analyses in
many metals to unravel your problem. Write for a copy
of our new Technical Bulletin #7-2 on Seamless and
WELDRAWN* Beryllium Copper Tubing. Superior Tube
Company, 2500 Germantown Ave., Norristown, Pa.

Allanalyses.010"to
%" 0.D.

Certain analyses in

THE BIG NAME [N SMALL TUBING

West Coast: Paciic Tube Company

5710 Smithway St., Los Angeles 22, Calif. RAymond 3-1331
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ELECTROFLO VALVE

A solenoid valve for water or air. Provides
AUTOMATIC control on {luid lines.

MESURFLO CONTROL =

Flow Volume Control. AUTOMATIC. Main-
tains onc set rare of flow regardless of

... HAYS has REMOVED

oy

i & ’
o the guesswork!
T_»fl\ :
m AUTOMATIC controls give AUTOMATIC control for water and
INTERLOCK , air! z
Flow switch. AUTOMATIC. Protects equip- -
ment against an inadequate rate of flow. flow controls are ACCURATE, RELIABLE and
AUTOMATIC, 7
o |
:"'31‘” Our ¢ngineers will be happy to work with you on vour
’& flow problem. Write for folder No. 200 which describes
i - our AUTOMATIC conrtrols and gives technical informa-

L .
X \i tion.
ﬂu 4

INDUSTRIAL SALES DIVISION
ELECTROMITE VALVE . HAYS MANUFACTURING COMPANY

Small solenoid valve for low flow rates. 808 WEST 12 ST, ERIE, PENNSYLVANIA,
AUTOMATIC. Available with flow volume
control.

STRAITFLO STRAINER
Straight linc strainer, AUTOMATIC. Protects

cauipmcm by providing clean un-interrupt-
ed flow.

Complete AUTOMATIC Control. Establishes maximum flow rate
—AUTOMATIC On and Off—Protects Equipment against inade-
quate rate of flow.
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NOW, A REMARKABLE 'kmor—m-sowgg ol

Tra—m————

PHELPS DODGE

MANY NEW APPLICATIONS POSSIBLE

Transformer coil e Solenoid coil | IF-RF coil
J i H d .

T,

(oL fot. [Tty QQuadily— from Moine T Mowkel !
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>2 Instant Soldering Without Stripping

. Improved Moisture Resistance

Good Electrical Properties

-1z Excellent Flexibility and Toughness

New Sodereze represents a spectacular advance
in ready-to-solder magnet wire. It’s a new and
typical Phelps Dodge development designed to
keep pace with industry’s growing need for
wires that handle easily, save time, reduce over-

all costs and satisfy a variety of different operat-

ing conditions. The versatility and outstanding
properties of New Sodereze not only permit its
use wherever solderable wire has been proved
practical and dependable but suggest its appli-
cation in unlimited other electronic and elec-

trical ficlds to replace conventional wires.

Any time magnet wire is your problem, consult Phelps Dodge for the quickest, easiest answer.

*SODEREZE is a Phelps Dodge Trademark.

ELECTRONICS — June, 1954

PHELPS DOOGE COPPER PRODUCTS

CORPORATION

INCA MANUFACTURING DIVISION

FORT WAYNE, INDIANA

101
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WHEN MISSING PARTS HOLD UP ASSEMBLY LINES.

o

Gall on American Airlines AIRFREIGHT

American Specializes In Fast Shipments

When time counts, count on American! The largest air cargo
capacity....frequent scheduled departures...and special handling
techniques make American your best assurance of prompt for-

. . N ~t» AMERICAN AIRFREIGHT ALSO LEADS IN
warding, dependable on-time deliveries.

But last minute rescues are only one of many Airfreight benefits. COVERAGE—American serves more leading
Another, quite important to manufacturers who regularly ship by industrial markets than any other Airline.
air, 1s reduction in inventory requirements. In addition to saving CAPACITY—American has the greatest cargo
on warehousing costs, these manufacturers make engineering capacity with the right space at the right
modifications whenever they wish without fear of obsoleting huge place.

stocks of component parts. American Airlines, Cargo Sales Divi- EXPERIENCE—pioneer in air cargo, American
sion, 100 Park Avenue, New York 17, New York. assures you of expert handling,

s s i AMERICAN AIRLINES we

102 June, 1954 — ELECTRONICS
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IN ITS 21 TOWER MICROWAVE SYSTEM

Western Union uses
Sperry Klystrons

3 new vore
2 A "5 NESHANIC
FORY SITE % i b
4w owouy % ]

JENNERSTOWN BLUE MT. E01I0N
: MGNVQ/G\ e

i

SELLERSVILLE

PHILADELPHIA

.’{ MT LAUREL
I

ELK NECK

WASHINGTON

m Installed in 1948, the Western Union
microwave system between New York,
Philadelphia, Washington and Pitts-
burgh, consists of 21 towers, varying
in height from 60 to 120 feet, and
spaced up to 55 miles apart. The system
handles hundreds of telegraph circuits—
including important government and
leased private wire systems as well as
circuits for regular message traflic.

m Through the use of Sperry SAC-41
Klystrons providing power output of
10 watts. Western Union has effectively
reduced circuit outages due to fading,
and provided dependable service under
all conditions. Furthermore, as Mr.
Corwith points out above, the average
life of Sperry SAC-41 Klystrons has
been 15 months—and some tubes have
served continuously for almost 3 years.

m Since 1938, when Sperry sponsored
the development of the Klystron. this
Company has extended its application | &
to tubes for low, medium and high
power applications—and in a frequency
range from 730 to 40.000 megucycles.
The rescarch. development and special-
ized production fuacilities of Sperry in
Klystrons — and in accompanying
Microline* equipment—are at your dis-
posal to help in solving your problem.

‘Dependability has been excelleat.”’
writes H. P. Corwith, Vice Pr=sident,
Development and Research. °‘‘Average
tube life has been more than 15 morths,
and some tubes have 2een in cont_nuous
service for almost 3 years.’'’

OO ¢

el
m-« Y:d'nu( BEAR vOLTamE

T.M. REG. U.S. PAT. OFF

GYROSCOPE COMAARY

DIVISION OF THE SPERRY CORPORATION

GREAT NECK, NEW YORK + CLEVELAND « NEW ORLEANS « BROOKLYN + LOS ANGELES » SAN FRANCISCO o SEATTLE
IJN CANADA ¢+ SPERRY GYROSCOPE COMPANY OF CANADA LIMITED, MONTREAL, QUEBEC

ELECTRONICS — June, 1954
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ECONOMY
AVAILABILITY

Moldite has taken the initiative in establishing

accepted electrical standards long required by the electronic

industry. Every coil and set manufacturer, every engineer
has designed coils to utilize Moldite “standards”.

The reasons are obvious. Moldite Core Standards Offer . .

HIGH QUALITY UNIFORMITY
INTERCHANGEABILITY FLEXIBILITY

This means a better product backed by years of

Moldite leadership in engineering and research. No
one has done more than Moldite to give the industry a

superlative core or coil form for every electronic application.
So Design with Moldite Core Standards.

. .. Send for our new
Catalog No. 110 —
THE MOST COMPLETE
LINE OF CORES
IN THE INDUSTRY!

MOLDITE
FERRICORES
MOLDITE
MOLDED COIL FORMS
MOLDITE
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

Robert T. Murray Co.
604 Central Ave.
East Oronge, N. J.

Jerry Golten Co. Arnold Andrews
2750 W. North Ave. 521 Cumberlond Ave.

2419 S. Grond Avenue
Chicago 22, 1. Syracuse, N. Y.

Los Angeles, Cal.

Perimuth, Colman & Assoc. Jose Luis Ponte

nemns COMPANY

1410 CHESTNUT AVE., HILLSIDE 5, N. J.

June, 1954 — ELECTRONICS

WWW. americanradiohistorv. com



let E‘D@Wﬁaﬂd/e

Your on
ELECTRONIC COOLING PROBLEMS

JOY AXIVANE* Fans offer you
advantages in electronic equipment
cooling which have been thor-
oughly provedinservice. Thehigher
pressure-output of these vaneaxial
blowers generally permits more
compact arrangement of the equip-
ment. Additional advantages are:
light weight, high strength, high
shock and vibration resistance, and
high efficiency in low or high pres-
sure service.

For minimum weight, JOY elec-
tronic cooling fans are made of
aluminum, magnesium, or combi-
nations of these metals. They are
designed to meet all present Air
Force and Naval electronic speci-
fications, and are available in fan
sizes from 2" 1.D. up. Totally-en-
closed or explosion-proof motors
can be furnished where required.
@ If you have a problem in heat
dissipation from electronic units,
no matter what the service condi-
tions may be, let us place at your
disposal JOY’S experience as the
world’s largest manufacturers of
vaneaxial-type fans.

Over 100 Years

of Engineering Leadership ~
"Reg. U. S. Pat, Office WaD 1-4010 fa F

JOY MANUFACTURING COMPANY

GENERAL OFFICES: HENRY W. OLIVER BUILDING - PITTSBURGH 22, PA.
IN CANADA: JOY MANUFACTURING COMPANY (CANADA) LIMITED, GALT, ONTARIO
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ELECTRICAL

CORDS

KEEP YOUR APPLIANCES

MANUFACTURERS AND SERVICE MEN WHOSE PRODUCTS SERVE BEST

5 Belden

WIREMAKER FOR INDUSTRY
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MODEL 750
MODEL voLTS CURRENT REGULATION RIPPLE
750 0-600 0-750 Ma. 0.5% 10 Mv.
760 0-600 0-1.5 Amp. 0.5% 10 Mv.
770 0-600 | 0-2.25 Amp. 0.5% 10 Mv.
780 0-600 0-3 Amp. 0.5% 10 Mv.

DC POWER SUPPLY SPECIFICATIONS

KEPCO Voltage Regulated Power Supplies are
conservatively rated. The regulation specified for
each unit is available under all line and load
conditions within the range of the instrument.

REGULATION: As shown in table for both line
fluctuations from 105-125 volts and load varia-
tions from minimum to maximum current.
*REGULATION FOR BIAS SUPPLIES: 10 milli-
volts for line 105-125 volts. 2% for load at 150
volts.

TAIl AC Voltages are unregulated.

MAMUFACTURERS OF ELECTRONIC EQUIPMENT « RESEARCH o DEVELOPMENT

KERCO

LABORATORIES

131-38 SANFORD AVENUE * FLUSHING S5, N. Y. » INDEPENDENCE 1-7000

KEPCO

VOLTAGE REGULATED
POWER SUPPLIES

REGU- 6.3V.+
voLTS CURRENT  [LATION | RIPPLE | AC.CT. | MoDEL
01500 [ 0-200Ma. |05% [ 20Mv.| | 1520
i {015 [ 10w 10Amg 1220
0-1000 0-500 Ma. | 0.5% | 20 Mv. 1350
2001000 | 0-500Ma. | 0.5% | 20 Mv.| 1250
01000 [ 0:50Ma. | 0.1% | 10Mv.] 10 Amp. 1020
0-600 [ 03Amp. 059 | 1om.| | 780
"0-600 0-2.25 Amp. | 0.5% | 10 Mv. 770
v fo1sam. (05| wm | | 760
0-600 0-750Ma. | 0.5%, | 10 My, 750
0-600 0-300 Mo, [ 0.5% | 10Mv.[10 Amp|
0-150 Bios | 0-5 Ma, s 615
0600 [ 0-300Ma. | 0.5 | 10 My, ] 10 Amp.| 500R
#1 0600 | 0-200Ma. | 05% | 5 Mv| 0 amp|
72 0-600 | 0-200Ma. | 05% | SMy.|10Amp| 800
0600 | 0200Ma. | 05% | Sm. 10Amp.|
0-150 Bics | 0-5 Mo. ™ 815
71 200500( 0200 Ma. | 0.5% | SMv.| 6 Amp|
"2 200-500| 0200 Ma. | 05% | SMyv.| 6amp| 510
200500 | 0-200Ma. | 059 | 5y, ! 6Amp| 245
0400 | 0-150Ma. [05%, [ Smv. [10Amp|
0-400 0-150Ma. | 05% | 5Mv.|10Amp.| 2400
0150 Bios | 0-5 Ma. S SMe] |
0-400 0-150Ma.  [0.5% [ 5 Mv.] 10 Amp.
0-150 0-5 Ma | smv 400
0-400 0-150Ma. [0.5% | SMv.|10Amp.| 141
100400 | 0-150Ma. | 0.019% 1 Mv.|T0 Amp.| 2000
0-350 0-3Amp. | 0.5%, | 10 Mv. " 730
0-350 [ 0-2.25 Amp. [ 0,59, | 10 My, 720
0-350 0-1.5 Amp. [ 0.5% | 10 My. 710
0-350 0750 Ma. [05% [ 1omv.] | 700
100325 [ 0150Ma. [05% | 5 My, 104mp.| ..
0-150 Bias | 0-5 Mo, < Smy 131
0300 [ 0150Ma. | 05% | Sme.| 5 Amp. |
0-150 Bias | 0-5 Mo, ™ 3s
0150 [ 050Ma. | 05% | 5. T aso
330 [030Amp. 059, 019, 3030
113 0-10Amp. | 0.5%, | 10 Mv. 3200
WORKMANSHIP

Workmanship is of o quality with the highest existing production standards
and best instrument electronic practices consistent with the intended use of
the item as a continuous duty voltage regulated power supply. Oil filled
paper condensers and resistor-board construction are included in the design.

FOR NEW POWER SUPPLY CATALOG — WRITE DEPT. No. 789
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" PRECISION RESISTORS

i
L

PERMA

ENCAPSULATED AXIAL LEAD STYLES
FOR 85°C, 125°C and 150° AMBIENTS

85°C PERMASEAL & RESISTORS

SPRAGUE SIZE RATED MAX
TYPE o L LEAD WATTS OHMi
200 4 b No. 22 AWG .20 140,000
20 Y Y, No. 22 AWG 33 225,000
206 % % No. 20 AWG .50 500,000
203E B 1 No. 20 AWG 75 700,000
204E VA Y No. 20 AWG .75 1.2 MQ
205E V| No. 20 AWG  1.00 17 MQ
206E % 1Y No 20 AWG 150 28 MQ
125°C PERMASEAL® RESISTORS
SPRAGUE SIZE RATED MAX
TYPE [}} L LEADS WATTS OHMS
300E A Y, No. 22 AWG 10 140,000
301E Y Y, No. 22 AWG .15 225,000
3028 % Y, No. 20 AWG .25 500,000
303 Y o} No, 20 AWG .30 700,000
304E Ya 3, No. 20 AWG .30 1.2 MQ
305€ VA No. 20 AWG .40 17 MQ
306 5 s No. 20 AWG .60 2.8 M@

PERMASEAL accurate wire-wound resistors are

ideal for point-to-point wiring, for terminal board

mounting and for use on processed wiring chassis.

Encapsulated for protection against high hu-
midity, these resistors will stand up in military
and industrial electronic service. The protective
housing also guards against physical damage
during installation and during equipment
maintenance.

Standard designs are available in seven differ-

age at ambient temperatures of 85°C and 125°C.
Special units can be made for operation at 150°C
ambient with full rated wattage dissipation.

Unusual long-term stability of resistance is an-
other plus feature of Sprague Permaseal Resistors
—as the result of careful matching of winding
forms, resistance wire and encapsulating material
—together with a thoroughly controlled aging
process during manufacture. Permaseal Resistors
poevert

are available in resistance tolerances *

down to 0.1%, when necessary.

PERM, 7Y
el ‘mf».n.." 2

ent physical sizes for operation at full rated watt-

131}
tor

FOR COMPLETE DATA, WRITE FOR COPY OF SPRAGUE *
ENGINEERING BULLETIN NO. 122, WITHOUT DELAY. _ :
SPRAGUE ELECTRIC COMPANY, F _"n £
35 Marshall Street, North Adams, Mass. ,,/. ]
- B, “r'ﬁ“’

PIONEERS IN ELECTRIC AND ELECTRONIC DEVELOPMENT

NORTH ADAMS, MASSACHUSETTS
EXPORT FOR THE AMERICAS: SPRAGUE ELECTRIC INTERNATIONAL LTD., NORTH ADAMS, MASS.

CABLE: SPREXINT



BRIDGEPORT BRASS COMPANY

CoPPER ALLOY BULLETIN

BRASS

—

Br'd\gyrf MILLS IN BRIDGEPORT, CONN. AND INDIANAPQLIS, IND.—IN CANADA: NORANDA COPPER AND BRASS LIMITED, MONTREAL
— ca.

CAUTRUCTURE OF AMALIC T MASS

Bridgeport Technical Handhook

To Help Our Customers on Metal Problems

Mass production of tiny but precise
metal parts for electronic equipment
calls for exacting specifications in brass
and copper mill products. The Bridge-
port “Technical Handbook” is designed
as a ready-reference for product engi-
neers and those responsible for pur-
chasing and fabricating copper and
copper-base alloys.

Bridgeport Brass Company recog-
nizes the importance of supplying metal
of uniform high-quality for automatic
operations. Close cooperation between
the fabricator and our technical service
department will quickly help with ma-
terials to answer performance require-
ments, cut wasted time and prevent
excessive spoilage.

Simplifies Alloy Selection

The Bridgeport “Technical Hand-
book” is divided into logical, easily
read sections covering both general in-
formation and specific engineering data.

The first section discusses the nu-
merous coppers and copper-base alloys,
their compositions, physical and me-

112

chanical properties and their uses. It
covers in non-technical language such
subjects as the copper-zinc alloy sys-
temn; the effects of additional elements
such as lead, tin, aluminum, silicon,
manganese, iron, nickel and arsenic on
coppers; and the effects of annealing on
physical properties. Temper or degree
of hardness for sheet, rod, wire and tub-
ing is explained. The causes and pre-
vention of stress corrosion, cracking
and hot breaks are discussed.

In addition, the “Technical Hand-
book” contains information on the im-
portance of the microstructure of rolled
and annealed brasses, graphically illus-
trated by micrographs and curves.

Mill Product Shapes

The following three sections are de-
voted to mill products—strip and sheet,
rod and wire, and tubing. They are fur-
ther broken down into groups such as
Brass and Copper Strip for Drawing,
Spinning and Stamping; Rods for
Screw Machine Operation; Wire and
Rod for Cold Heading; Rods for Hot

WWW-americanradiohistorv-com

Forging; Tubing for Fabrication; and
many others.

Each classification lists not only the
alloys and their applications, but gives
a table of Composition, Mechanical
Properties, Physical Constants, Fabri-
cation Properties, as well as the latest
specification numbers. By referring to
these tables, the purchasing agent and
the design engineer can see at a glance
the alloys available and their compar-
ative properties. This simplifies alloy
selection, saves time and effort.

Hints on Metalworking

The handbook contains a brief but
authoritative outline of procedures for
working copper-base alloys. There are
many diagrams and tables relating to
machining, the tools to be used and
recommended coolants. Data on Mill-
ing, reaming, chasing and sawing are
given in concise tabular form with sug-
gested procedures for the different
alloys discussed. There are also full
sections on drawing and drawing lubri-
cants, annealing, cold heading, solder-
ing, cleaning and dip coloring.

Useful Appendix

To complete the Handbook, almost
thirty pages of informative tables
are included as an Appendix. These
tables cover equivalent weights, tem-
perature conversions, metal melting
points, length measurement conver
sions, and weights of flat products, cir-
cles, rod, round wire and copper tubes.

How to Get Your Copy

The Bridgeport “Technical Hand-
book” is a reliable guide to many prob-
lems and situations met by purchasing
agents, design engineers and production
superintendents in every-day work with
copper-base alloys. Your copy will be
quickly mailed upon request on com-
pany letterhead. And if you are con-
fronted with metal problems not
completely answered in the Handbook,
do not hesitate to contact our nearest
branch office for assistance as well as
for your metal requirements. (1593)

June, 1954 — ELECTRONICS



ABSOLUTE MAXIMUM RATINGS —T-55°C — RESISTIVE LOAD

“DIFFUSED JUNCTION RECTIFIER Tinez | 1Ne3]iNtst[iNis2]iNT53[iN1S8
RMS INPUT VOLTAGE (Volts} _ 105 | 30

PEAK INVERSE VOUAGE’ (ant)

| PEAK FORWARD tuum (Ampe)
| nt uTPUT (umur (o)

| D.C. OUTPUT (URRENT—
(APACITIVE LOAD (o)

0. SuRGE CURRENT (Amps.]
FULL L0AD VOLTAGE DROP (volts peok)
me C(URRENT (Ma., @ ar
CONTINUOUS REVERSE
_ WORKING VOLTAGE (volis L.C)
NG QLR A L

OPEIHING FIEQUEN(Y Y (KQ)
SYOIAGE YEMPEIATURE ( ()

‘Typn:al abmlufe mozimum ratings,

ERE are just five of many severe criteria G.E. insists be met

‘before a diffused junction rectifier is shipped:

1. Life of every day’s production is evaluated by sample lot opera-
tion at full current, full voltage, and at elevated temperatures
under stringent on-off cycle conditions. Acceptance is made only
after compliance with 10,000 hour standards.

2. 100% testing of specified characteristics.
3. Full load aging of 4/l units.
4. Absolute hermetic seal is checked on #// units.

5. A 1% quality control level is imposed on each shipment.

Your rectifier applications demand nothing less than these stand-
ards. Specify General Electric and receive a custom shipment of
quality germanium products.
) HERMETICALLY SEALED. .VERY LOW LOSSES.
e MINIATURE SIZE made possible by low internal losses.

DESIGNED to meet all military humidity tests and shock
and vibration requirements.

@ MULTIPLE ARRANGEMENTS for full wave or bridge circuits.

GENERAL‘ELECTRIC

ELECTRONICS — June, 1954
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ORDER IN QUANTITY FOR
IMMEDIATE DELIVERY

~ DYNWAMK VOLTAGE + —

CURRENT zmu:r!m'm.r !
DIFFUSED JUNCTION || |

GERMANIUM RECTTFERS |

TEMp: 55°C  —t—|

FREQ: 60 CPS * 1

} +

1

vt

_§_;~Ll—f‘

| I T 0 5

PR THVERSE CoMRINT (WA ]

-
B S S S S G

Send for complete G-E Diffused
Junction Rectifier Information:
General Electric Co., Sec. X464,
Electronics Park, Syracuse, N. Y.

ns3



R

remain operable and accurate!

114

yef WE STO N

UGGEDIZED INSTRUMENTS

There’s no guesswork about ruggedizing instruments at
WESTON. Duplicates of «ll the approved equipment for test-
ing — including the High Shock Hammers . . . the Vibrating
and Tumbling equipment . . . the Temperature, and Moisture
Cycling cabinets — all are here in the WESTON test department
continually proving the soundness of WiSTON's ruggedized
design. Thus you can be sure cach instrument not only meets
the specifications for ruggedized instruments, but will also
prove its superior ruggedness in service. wEsTON Ruggedized
instruments now arc available for A-C and D-C requirements
in 2V2”, 3%2" and 42" sizes. Bulletin giving complete in-
formation sent on request. WESTON Electrical Instrument
Corporation, 614 Frelinghuysen Ave., Newark 5, N. J.  ¢n7

AT

AT R S o

il

i

e il i i
e Ve NS L IS S S s W,

WESTON RUGGEDIZED
INSTRUMENTS ARE AVAILABLE
FOR A-C AND D-C IN
27, 3127, 4, SIZES.

WESTO ?/ZJ ; ;

June, 1954 — ELECTRONICS



Capacitors are held between
die-cut cardboard strips.

NEW PACKAGING METHOD
FOR DISC CERAMICONS®

Pallet-Pak, ERIE's exclusive new packaging method
for Disc Ceramicons, answers the need for mechan-
ically pre-aligned capacitors that can be fed into
automatic assembly machinery. Hand assembly is
also improved because of the ease of handling and

@ Known number in strip
makes inventory control

- ' easier.
the phys@cal uniformity of the_capacitor. Strips are placed in carrier ® Count empty strips—
ERIE is constantly searching for new ways to insert which fits in pallet. multiply by number for

assist manufacturers in reducing production costs.
Pallet-Pak is a development by ERIE Industrial En-
gineers with this purpose in mind.

The many other advantages of Pallet-Pak are
noted at right. Write for our Pallet-Pak Bulletin
with complete illustrations and advantages of
this new packaging method that is currently
available on a portion of ERIE Disc Ceramicon
production.

usage control.

® Markings all face one
direction for easy
identification.

® Drawer type disposable
pallet for storage and
shipping.

— ; " P e
Strips, carrier, and pallet form.
one complete shipping unit.

removed by pulling from strip.
® Uniform lead length,
= ® Carrier insert acts as tote-tray for easy han-
L ET Y TTY Py e dling. .
; . ® Index holes in strip 12" center to center for

EYY YT ' ] = ® Straight lead wires—no tangling—units easily
p (= 3 Sl { As many as three pallets |
] " | can be shipped in this mul-

g7 tiple drawer-type carton.

Ty o - X . R X
- ..."Ppp5¢.“.'.; use in lead forming and cutting equipment.
VR oy g 74 - . .
QA.Q‘...IQ. . ® Index holes are above carrier sides—rods

SR | fegag, can be inserted through holes and entire lot
- h“‘;;..‘xfgb?gu‘. -k lifted easily in one operation.
i ) .“e ® Assurance of uniform quality, resulting from

' - continuous production flow.
E@V ) ] Sl |

ERIE RESISTOR CORPORATION . . . ELECTRONICS DIVISION

. : e Main Offices and Factories: ERIE, PA.
p i Sales Offices: Cliffside, N. J. ® Camden, N. J. ® Chicago, lll. ® Detroit, Mich.
Cincinnati, Ohio ® Fort Wayne, Ind. ® Los Angeles, Calif. ® Toronto, Ontario

Manufacturing Subsidiaries:
HOLLY SPRINGS, MISSISSIPPI ¢ LONDON, ENGLAND ® TRENTON, ONTARIO

RESISTOR CORP.



TUNG Sy 5”

\{ YEARS ),
(Y, 1904 1954 )%
\N‘A; 'w'f_x!‘ %

Anything you tell Tung-Sol is absolutely sub-rosa. Our engineering
assistance to you is completely confidential. Never a peep to any-
body. And we make only tubes—no sets—no equipment—just tubes.

TUNG-SOL ELECTRIC INC., Newark 4, N. J.

Sales Offices: Atanta, Chicago, Columbus, Culver City
(Los Angeles), Dallas, Denver, Detroit, Newark, Seattle

TUNG-SOL MAKES All-Glass Sealed Beam Lamps, Miniature Lamps, Signal Flashers, Picture Tubes,

Radio, TV and Special Purpose Electron Tubes and Semiconductor Products.

e i —
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FILTRON TYPE FA 1391
28 VDC/115 AC
100 AMPS
0-400 CYCLES

HIGH ATTENUATION

CONTINUOUS DUTY

HERMETICALLY SEALED

SCREEN ROOM FILTERS

FILTRON TYPE FA 736
500 VAC/DC
100 AMPS
Frequency Range 1000 to 15,000 MC

] Yomve LI | T 1 T1TTHI
e I ATTENUATION CHARACTERISTICS
- OVER 100 DB THROUGH ENTIRE FREQUENCY RANGE FILTRON SCREEN ROOM FILTER FA 1391
9 b - ---“--F---H“T -1-1------.-——_ b o _T__-.-u - - -.._--__._-.-T- o ] e e o e 2 s e s e e e o e e f
< 100
>
Z
[
= 90
< MEASURED IN A 500 SYSTEM
PER MIL-STD-220
80 AR L =" e s B
100 KC FREQUENCY 1000 MC

® INTERFERENCE FREE

LARGEST EXC

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

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

FILTRON has over 30 types of Screen Room Filters
available, ranging from 1 Amp to 1000 Amps, 28 VDC

G. S. Marshall Co., Pasadena, Cal.
Roy J. Magnuson, Chicago, Il
Massey Associates, Inc,, Narbeth, Pa.,

SALES REPRESENTATIVES

Washingon, D. C.

to 500 Volt AC/DC, 0 to 1000 cycles. Complete tech-
nical information available.

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

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

Holliday-Hathaway, Cambridge, Mass., Canaan, Conn.

Sales Offices at: New York, N. Y., Great Neck, N. Y.
Rochester, N. Y., Binghamton, N. Y.
Wood-Ridge, N. J.

An inquiry on your compony letterheod will receive prompt atfention.

LUSIVE

ELECTRONICS — June, 1954
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MANUFACTURERS OF RF

INTERFERENCE FILTERS
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for your FREQUENGY SHIFT Terminal Requirements

Specify
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ARSI

g1 ELTIS
STLEXTO

This Twinplex ‘communication system: makes possible a
2-channel radio circuit whereby 2 non-synchronous or syn-
chroncus telegraph transmissions modulate a single radio
carrier wave by causing the carrier to assume one of four
specific frequencias with 400 cps separations.

The transmitting equipment-consists of the Twinplex Com-
biner Type: 177 Model 1 and an RF Frequercy Shifr Keyer
such gs the Northern Radio Type 105 Model 4. The Com-
biner converts the- four: possible conditions of two tele-
graph signals (MI-M2, M1-52, $1-M2, S1-S2} respectively
into ane of four voltages related in ‘a ‘0-1.2-3 mdnner.
The Combiner output voltage modulates the FS Keyev.

The receiving equipment consists of the Twinplex Con-

verter Type 178 Model 1 and a single or diversity receiver:

IR

e 2 —

Write

for

complete B
information.

Sbvas

* Frequency Shift Keyers
¢ Master Oscillators

* Diversity Receivers
Frequency Shift
Converters

NORTHERN RADIO . . .

» provide 2 channels of FS
communication with existing
single channel transmitter
and receiving facilities—
with performance compar-
able to the existing single
channel system

such as the Northern Radio Type 110 Dual Diversity Re-
ceiving System. The Converter demodulates and separates
the four audio tones from the radio receiver(s) into two
channels each carrying the originally transmitted intelli-
gence. The Twinplex Converter replaces the standard ES
Converter for this purpose.

The two telegraph channels provide the same operational
flexibility as that of two separate single channel ES sys-
tems. One can, for example, simultaneously use channel
#1 on 60 wpm teletype and channel #2 on high-speed
Morse or Time Division Multiplex. It further permits the
reception of channel #1 signals on all standard FS con-
verters (tunable to 400 cps shift] without need for a Twin-
plex Converter: this is valuable for “‘Forked Circuit Op-
eration’’ where the intelligence of channel #1 is intended
for pick-up' by other receiving stations which are not
equipped for Twinplex Reception in addition to the main
receiving stations which are so equipped. Reception of
channel #2 (or of both channels} requires the receiving
end to be equipped with a Twinplex Converter.

* Multi-Channel Tone ¢ Radio Multiplex
Systems Systems

¢ Tone Keyers * Tone Filters

* Demodulators ¢ Line Amplifiers

* Monitors * Twinplex Equipment

; o D
Norwzszy RADIO COMPANY, i
147 WEST 22nd ST., NEW YORK 11, NEW YORK
ace-Setters in Quality Communication Equipment

June, 1954 — ELECTRONICS
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1

'%' |

{ [ want the facts about Collins Microwave }

% 1

| {

| NaME ]

| |

l} COMPANY. o i

1 i

Send this coupon | e —
|

: City - . =

| 1

e I T —— . S —— i —— ——" ——————— '} —— e e iy o}

Get this booklet by return mail

and find out why Collins Microwave
will serve you best.

You'll want all the facts in this informative booklet, but this is the
story in a nutshell. Collins can do your eommunications und
remote control jobs better because thev're specialists in radio-
electronic design und manufacture. Collins’ extensive experience
and success in the aviation, broadcast and amateur radio fields
suppb the required background and facilities to deliver
microwave svstems that represent the ultimate in dependability.
If your pl.ms include the use of Microwave, be sure vou get
assured performance and quality. Why not mail the coupon now.

COLMNS RADIO COMPANY Cedar Rapids, lowa

11 W. 42nd St.,, NEW YORK 36 1930 Hi-Line Dr., DALLAS 2 2700 W. Olive Ave., BURBANK
Collins Radio Company of Canada, Lid., 74 Sparks Street, OTTAWA, ONTARIO
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J. F. Mandrow (left) and T. W. Connolly prepare a probiem
in dynamic analysis of an interceplor fire control system
for solution on analog computing equipment.

8. D. McVey (foreground) and E. Foxman examine opera-
tion of interceptor fire control system with equipment
simulating in-flight performance of target, fire control
system, and interceptor.

I the development of udvanced radar
Sfire control systems for all-weather
PLANN ING military aircraft, systen design objectives are
‘ 7 determined by systems engineering
and analysis. To implement
P E R F o R M A N c E these objectives the next step is the detailed

T analysis, design, and evaluarion of the

individual subsystems and units.

The Avro Canada CF-100 of the RCAF is one
of the all-weather interceptors equipped with
Hughes radar fire control system.

Three tmportant aspects of this work are:

Determination of effects on over-all dynamic stability of items such as
dynamic range of amplificrs, filtering included to reduce effects of
noise, acrodynamic response characteristics of the aircraft, and char-

At Hughes special simulation
cquipment is used to synthesize
aircraft and system performance.
The simulator provides a means
for examining system perform-
ance under laboratory-controlled
conditions. In the case of airborne
systems such study would other-
wise require hundreds of hours
of expensive flight testing to
achieve comparable results.

acteristics of computers.

Evaluation of existing systems, subsystems, or units to determine
degree of modification necessary in order to meet new installation or
performance requirements.

Assessment of completed systems under simulated operation to estab-
lish performance before start of production. Simulator studics are
correlated with actual flight tests, helping to predict in-flight perform-
ance with reduced flight testing.

Further advancements in the field of radar fire
control are creating new positions on our Staff for

SYSTEMS ENGINEERS —CiRCUIT ENGINEERS  engincers experienced in the fields of systems
engineering and circuit design, or for those
interested in entering these areas.

Secientific and
Engineering Staf
Assurance is required that relocation
?:,,ﬁ‘:n e au",;ev:,it”,,:',ﬂt‘acr:”;,f,i:ﬁj H U G H E S Culver City, Los Angeles County, California

RESEARCH
AND DEVELOPMENT
LABORATORIES
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Hughes Fusion-Sealed Germanium Diodes

Hl(g/l(’S Point-Contact Germanium Diodes
are fusion-sealed in a one-piece, gas-tight
glass envelope .. impervious to moisture,
fumesor other external contamminating agenrs.
The flexible dumer leads are especially suit-
able for spot-welding; or they can be iron-
or dip=soldered as close as ¥ inch 1o the

diode body—wvithout special precautions.

The germanium c1'yst;1l 1S pcrmanently
bonded to one lead, the cat whisker is
welded to the other, and the point of
the cat whisker is welded to the crystal.
Hughes diodes are highly resistant to
shock and vibration. Positive mechani-
cal stability is achieved without risking
contamination from fluxes, waxes or
impregnants. And—each diode is thor-
oughly tested to ensure the stability of

ACTUAL DIMENSIONS
DIODE BODY:

0.265 by o.130 inches (ma.\‘immn)
SHUNT CAPACITANCE:
0.5 waf (maximunt)

AMBIENT OPERATING
TEMPERATURE RANGE:

—78°C to +90°C

its electrical and physical characteristics.
All this means: sturdy, highly reliable
diodes.

Types—The Hughes line of diodes
compriscs standard rETMA, JAN, and
many special types. Special types are
produccd according to customer speci-
fications and are tested at high or low
temperatures . . . for specific recovery
time . . . for matching in pairs or quads.

Absolute
Maximum
{nverse
Working
190 150 . | 0.500 @ 150V l
130 100 0.625 @ 100V

100 80 0.050 0.005@ 5V
100 80 0.050 ] 0.005 @ 5V
100 80 10.050 | 0.005 @ §V)_'

100 80 0.100 0.008@ 5V
HD 2058 | 100 80 0.100 0008 @ 5V
HD 2059 { 100 80 0.100 0008 @ 5V
HD 2060 75 60 0.100
HD 2061 75 60 0.100
HD 2062 75 60 0.100

HD 2063 75 60 0.500
IN95 HD 2064 75 60 0.500
1IN96 HD 2065 75 60 0.500

1IN126* 75 60 0.850

Maximum Inverse
Current

Minimum

Bk Torward

| Inverse
Voltaget
(volts)

RETMA

or
Hughes
Type

Clip-In
Hughes
Type

DESCRIPTION Other Characteristics
@ — 50V
(mA)Y |

Other

HD 2052
HD 2053 |
HD 2054
HD 2055
HD 2056

HD 2057

HIGH
PEAK

1 MEG
TYPES

IN55B
IN68A

IN67A
1N99
1N 100
1N89
IN97
1N98
1N116
IN117
1N118

1N9O

500K
TYPES

GENERAL
PURPOSE

0.050 @ 10V Non-JAN equivalent, HD2070;
clip-in, HD2066

Non-JAN equivalent, HD2071;
clip-in, HD2067

10V |Non-JAN equivalent, HD2072;
clip-in, HD2068

|Back resistance recovers to
50K @ and 400K @ (200K Q@

5.0 for IN192) in 0.5 usec and 8.5

—10 and — 50V @ 55°C§ usec max., respectively.]
50@1V&1@0.35V 0.120 @ —3V  |0.2 usec recovery time.®
50@1VE&1@ 0.3_5_\"_ | 060 @ —6V_ 0.2 ysec recovery time.®

UHF MIXER DIODE
0.050 |

IN127** 100 0.300 0.025 @ 10V

IN128*** 40 0.010 @

400K @ min. hetween
—10and —50V @ 55°C§
200K @ min. between

1IN191 HD 2077 §

COMPUTER | IN192 HD 2078 §
TYPES {

HD2013
HD2014

HD2016A
HD2051

CHF
MISCELLANEOUS

100 | 1.0 IN63 equivalent.

[125!

{That roltuge ab which dynamic racistance is zero when back veltage rises linearly at 90v/sec.

$Back Recovery Time is measured with a forward pulse of 3012 A, followed by a reverse pulse of 35 rolts. Loop resistance of test cirauat 2500 § max.

ORecorery time is that point at which the diode voltage reaches — 1V after the initiation of @ 6V back pulse through 20K  from an initial 3 md forward bias. Total shunt
capacttance is 20 ppf.

§ Tested at 55°C'. Test voltage is a continuous 60 cps sine wave. Peak Reverse Voltage across the diode is 70V, Peak Forward Voltage not less than 42V or Peak Forward C'ur-
rent not less than 20 mA, whichever occurs first.
*Formerly 1N63.4.

**Formerly INT0A. **eFormerly 1N81.4.

Descriptive Bulletn sp2a is available on request.

ELECTRONICS — June, 1954
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EDO'S COLLEGE POINT PLANT islocated on
the shores of Flus-:ng Bay, a mil= across from
New York’s LaGuardia Fizld. It houses Edo’s
modern marine elecironics lzbho-atories, and
extersive manufac:uring faciliti=s. Actual sea
tests of Edo electrzaic equ prr=nt is ~onducted
from a large test be ~ge and a 53-foct power boat.

Miracle:) at College Point have made
EDO Marine Electronics Headquarters

Miracles in electronics—a steady stream of them—have
marked Edo’s emergence as headquarters for marine elec-
tlronics development.

Out of Edo’s well-equipped plant at College Point have
come many firsts in marine electronics for a wide range
of uses—both naval and commercial—to name a few:

® The first continuously indicating and recording
deep depth sounder with a range of 6000 fathoms.

® Many new under-waler detection equipments for
the Nautilus, the K-1, and other submarines,

® The Edo Fishscope—the fish-finder that assures
larger hauls in less time.

These are but a few of the wide range of equipments devel-
oped and manufactured by Edo. Through their superior
performance, accuracy, range and dependability, they have
proved that the Fde flying fish emblem is the symbol of
quality and satisfactory operation.

E Do CORPORATION +« COLLEGE POINT, L.I., N.Y.

122

And from this Marine Electronics Headquarters, Edo’s
home for over a quarter of a century, other new improved
equipments will emerge to make navigation simpler, safer
and more eflicient.

States Navy.

Since 1925
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Automatically plots two variables

as a function of a third---

the £loctraniK

Duplex Function Plotter

NEWEST of the many modifications of the
ElectroniK recorder, especially designed for
research work, is the Duplex Function
Plotter. A two-pen version of the now famous
Function Plotter, this instrument has three
independent measuring systems; one for each
of the horizontally moving pens, and one
coupled to the vertically moving chart. The
instrument is thus able to draw two simul-
taneous, continuous curves representing the
relationship x, x’—f (y).

In the testing of missiles, engines, nuclear
reactions and numerous other studies, the
Duplex Function Plotter further helps to
accelerate the pace of research. It provides
better data by giving scientists a continuous
plot of related functions on a single chart,
without need for replotting from two sep-

arate records. It helps to lift even more of
the burden of routine transcribing and data-
taking from the shoulders of trained men . . .
and frees them for more complete utilization
of their skills.

Input to either pen or to the y-axis can be
practically any variable that can be con-
verted to a d-c signal. All three inputs can be
of different calibrations.

Your local Honeywell sales engineer will
welcome the opportunity to discuss your
specific applications for this time-saving in-
strument. Call him today . . . he’s as near as
your phone.

MiNNEAPOLIS-HONEYWELL REGULATOR Co.,
Industrial Division, Wayne and Windrim
Avenues, Philadelphia 44, Pa.

©® REFERENCE DATA: Write for new Data Sheet No. 10.0-17, “‘Electronik Duplex Function Plotter.”

B ROWN

M I NNEAPOLIS

oneywell

INSTRUMENTS
TFosts i Coitinls-
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Complete coverage of
the range 950-10,800 mcs /sec.

with Polarad single dial operation

Four new Microwave Signal Generators covering the range 950-10,800 mes/sec. All with
famous Polarad single dial operation. Each provides the maximum working range possible in
one compact signal generator. And, additional Polarad Signal Generators are available to cover 12.8 to 39.7 kmc.

These features on all MSG units assure fast and simple operation: direct reading, single dial frequency control that tracks reflec-
tor voltages automatically . . . direct reading attenuator dial . . . conveniently placed controls, in logical sequence . . . high visibility
on the face of each instrument.

Polarad Signal Generators are built to the same high standards required for military equipment. They are practical for the factory
assembly line—engineered ventilation assures continuous and stable operation of all instrument functions. Components are readily
_accessible for easy maintenance. And laboratory accuracy is guaranteed under the most rigorous operating conditions.

Write directly to Polarad or your nearest Polarad representative for details.

950-2400 21%50-4600 4450-8000 6950-10,800
n )
Franuency Bneg MES/ sec. MCS/sec. MCS/sec. MCS/sec.
(Frequency set by means of a single directly calibrated control)
Frequency Accuracy *+1% +1% +1% +1%
Power Output 1 MW 1 MW 2 MW 2 MW
Attenuator Range 120 db 120 db 120 db 120 db
Attenuator Accuracy +2db +2db +2db +2 db
Output Impedance 50 ohms 50 ohms 50 ohms 50 ohms
Input Power 115V+=10% 115V+10% 115V+£10% 115V+10%
69 cps 60 cps 50-1000 cps 50-1000 cps
Internal Pulse Modulation:
Pulse Width 0.5 to 10 microseconds
Delay 3 to 300 microseconds
Rate 40 to 4000 pulses per second
Synchronization tnternal or external, sine wave or pulse
Internal FM: . 2
: Type Linear sawtooth
Rate 40 to 4000 cps
Synchronization Internal or external, sine wave or pulse
Frequency Deviation +2.5 MCS +2.5 MCS +6 MCS +6 MCS

External Pulse Modulatlon:

Polarity Positive or Negative
Rate 40 to 4000 pulses per second
Pulse width 0.5 to 2500 microseconds

Pulse separation
Output Synchronizing Pulses:

(For multiple pulses) 1 to 2500 microseconds

Polarity Positive, delayed & undelayed
Rate 40 to 4000 pps
Voltage Greater than 25 volts
Rise time Less than 1 microsecond

Size '\pprox. weight

“THE FINEST SIGNAL GENERATORS OF THEIR KIND

REPRESENTATIVES Albuquerque * Arnprior, Canada » Atlanta * Boston » Chicago *

ELECTRONICS — June, 1954

17" long x 13%" high x 15%2" deep | 60 Ibs.

.

17 long x 15" high x 19%2" deep | 100 Ibs.

www.americanradiohistorv com

Cleveland » Fort Worth » Kansas City * Los.Angeles

*Also available—MSG 4A: 6,950—11,500 MCS/sec.

ELECTRONICS CORPORATION 100 meTropoLiTan Avenue,

BROOKLYN 11, NEW YORK

New York « Philadelphia * San Francisco » Seattle« St. Paul » Syracuse ¢

washington, D. &



ESTIMATORS SAY. . .

BUSHINGS

hermetic-seal, compression type

CANS and COVERS

built to meet MIL-T-27 & Commercial Specifications

ASSEMBLY SERVICE

from assembly of bushings in covers to
actual hermetic sealing of your component.

- . because, when we ‘quote’ on a job, we must be
sure of LOW material- and assembly-costs plus con-
sistent top quality. ,,

More ard more estimators in the electronic and nuclear
fields are experiencing the outstanding advantages of basing
their costs on the selection of components from Heldor’s line
of hundreds of standard and non-standard Cans, Covers and
hermetic-seal Bushings . . . (now, lower in cost than ever* Heldor LOCK-IN,
because of improved production facilities). These men are also H‘I'EERRAII\‘AEIHgI.S EAL
specifying Heldor’s Assembly Service because it further re-
duces costs, speeds delivery and meets rigid inspection standards.

@ Meets
MIL-T-27 Twist
Test. Improved Elec-

trical Characteristics.
WRITE FOR DATA!

Be Wise! Economize . . . the Heldor way! Send specifications
or prints of your requirements for a quotation that will tell

{ its own QUALITY with ECONOMY story! Do it NOW!
*Write for your copy of New Price List!

HELDOR BUSHING & TERMINAL CO., INC. ,

238 Lewis Street e Paterson, N. J.
Midwestern Branch: 3821 Montrose Ave., Chicago 18, IIl.
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TYPE 5AHP—
flat-face. electrostatic
jocus radar tube

If you need any radar tube, whether for replacement or for initial
equipment, Du Mont offers a complete line. Standard Du Mont high-resolution = g
radar tubes range from five inches in diameter to twelve inches with magnetic TYPE 7ABP-
deflection and either electrostatic or magnetic focus.” electrostatic focus
Electrostatic-focus tubes are generally intended for initial equipment where the elimination of the focus coil Far b

saves cost, weight, and space. Also, their substantially automatic focus feature even eliminates a front-panel focusing
control. Electrostatic-focus tubes are usable for replacing magnetic focus equivalents with slight circuit modifications.
All Du Mont tubes exhibit the highest standard of quality.The patented Du Mont electron-lens design makes possi® >
precision manufacturing techniques which allow very tight tolerances to be held. [n addition, thorough

material processing and comprehensive and rigid quality control assure unparalleled tube-to-tube uniformity.

*Du Mont will build, to customer specifications, special radar tubes up to 30” screen diameter.

TYPICAL RADAR TUBES AVAILABLE FROM DU MONT

(Not a complete listing)

2 TYPE 10WP—
T electrostatic focus

) - * SFP-7A| SFP-14A| SAWP- | 7BP- | 7MP-| 7ABP- | 10KP- | TOWP- 10UP- | 125p- | 1288P- e
LENGTH | 17 | 1A | e | et | 12| 13V | 17T | 18 | 1777 | 18%” | 187 FECaTatibe
ANODE VoLTS | 5Kv | sKkv | 5Kv | 7kv | 7KV | 7KV | TOKV | TOKV TOKV | 10KV | 10KV
TYPICAL LINES/

useruL oiam. | 450 | S5O | 50 s50 | 600 | 650 | 50 | 675 | 900 | 625 | 700
LINE WIDTH

MAG. | ELECT. | MAG. | MAG.| ELECT. | MAG. | ELECT. | ELECT. | MAS. | ngrﬂ
120P- OR
10KP- Sase |

FOCUs MAG.
- TYPE 12ABP-

electrostatic
focus radar
tube

FMP- OR
7BP-

oUMONT

www americanradiohistorv com

LTS | ) . L
T
ERICEL .0095"’ 00777 | 00777 | o117 | .o10”| .009" | .014” | .014” | .010” | .018” | .016”

'
REPLACES 1

For full information on any Du Mont radar tubes
and their applications, write to: TECHNICAL SALES DEPT.
ALLEN B. DU MONT LABORATORIES, INC., 760 BLOOMFIELD AVENUE, CLIFTON, NEW JERSEY
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Most people have had the experience of mov-
ing from one place to another. Most people,
therefore, will appreciate our predicament
... that at such a time, eficient methods of
production as well as delivery schedules bog
down badly.

T'hat is exactly what has happened to us . . .
and is our face red! Yes, moving our entire
operation to Manchester, N. H. during the
past few months has inadvertently caused
many disappointments and delays. Our ex-
panding operations were so hampered by our
previous space limitations that we've sub-
jected vou to uncertain promises and regret-
able let-dovwns. For this, we apologize deeply.

Out of all the havoe, however, comes good
news! Now, swinging into full production
inour great new plant, we will soon be ready
to give you the kind of products we can be
proud of — the kind of service vou deserve!

Yes, with our manufacturing potential quad-
rupled . . . with new, up-to-the-minute equip-
ment and latest streamlined production
methods . .. with an enlarged force of skilled
workers and engineers, you can now be sure
of the very best quality and service from
Iusuline.

So thank vou for bearing with us. From this
day on, vou can feel assured that your re-
newed confidence in us will be justified.

insuline

CORPORATION OF AMERICA
186 Granite St.

Manchester, New Hampshire
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Eimac Klystron Report X561

e Power gain of one million four cawty
e 5kw power output at 650mc klystron

SIGNAL
GENERATOR
1 ML WATTS

L= i

15 xiowarTz

= Loap

A pcwer g=in of ome million times, 60db., in CW
operation at 650mc has been registered by the Eimac

X561 four cavity cascade type amplifier klystron. With ditions of severe shock, vibration and sustained
only a signal generator driver supplying 5 milliwatts acceleration at frequencies to 9600mc., as well as
input, the X561 delivers Skw RF power output. This high power klystron amplifiers for UHF-TV.
amazing performance is obtained with complete stabil-

ity at 389 efficiency. The X561 incorporates the exclu-

sive Eimac klystron power amplifier features of practi- ® For u thoreugh question and answer discussion
. . . . 5. of klystrons, write our Technical Seriices
cal design, light weight, ceramic tube cavities and department [cra free copy of the 20-page book-

. . . . ot “Kly Dl s 2
external tuning circuicry. Other Eimac klystron advance- 2 ML Ll L5

ments include sturdy reflex klystrons for use in con-

EITEL-McCULLOUGH, INC. THE WORLD'S

SAN BRUNO » CALIFORNIA LARGEST TRANSMITTING TUBE
MANUFACTURER

wWww americanradiohistorv.com



New Burroughs beam switching tube
uses Thomas & Skinner permanent magnet

Orxe of the principal problems
in designing the new Burroughs
Beam Switching Tube—recently
announced by Burroughs Elec-
tronic Instruments Division—
was a means of providing an
electron beam, which could be
formed, switched, and modu-
lated in any one of 10 discrete
automatically locked positions—
consecutively or at random.
The solution was a combina-

tion of magnetic and electric
fields. . . and to obtain a cylin-
drical permanent magnet to sur-
round the tube, Burroughs called
in Thomas & Skinner engineers.
The result was a permanent mag-
net of the exact-type material
needed—and with the specific
magnetic characteristics required
for successful operation, includ-
ing maximum energy product,
cocrcive force, residual induc-

tion, and other required charac-
teristics.

It will pay you—as it did Bur-
roughs —to investigate fully the
design capabilities of Thomas &
Skinner engineers . . . as well as
Thomas & Skinner’s productive
capacity. Write for complete
details . . . Thomas & Skinner
magnetic materials may be your
short cut to new desigm' and
more profitable production.

Specialists in magnetic materials, Permanent Magnets, Electrical Laminations and Wound Cores

130
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Materiale are

Thomas & Skinner

'STEEL PRODUCTS COMPANY, IN

1122 EAST 23RD STREET
INDIANAPOLIS, INDIANA

our Business

ELECTRONICS — June, 1954

PERMANENT MAGNETS wWhatever your needs— Alnico,

cobalt, chromium—Thomas & Skinner can meet your specifications
for either standard designs or special shapes. Typical of T&S ad-
vanced materials is Alnico 5Cb, offering an energy product of 5.70
million nominal. And typical of T&S advanced techniques is shell-
molding, offering intricate shapes with tolerances as close as = .005"
without grinding or finishing.

ELECTRICAL LAMINATIONS Geared 1o high volume pro-

duction, T&S uses the most modern equipment available to produce
high quality laminations in quantity at the lowest prices possible.
Rigid quality control is maintained through each phase of produc-
tion—stamping—atmosphere annealing— every vital step in produc-
ing top quality laminations. For every type application, T&S can
provide all grades, all gauges to meet your demands for standard
or special laminations. T&S’s OrthoSil is also available for appli-
cations requiring directional electrical characteristics with extreme
high permeability and low core loss.

WOUND CORES You can save on both assembly costs and time
—and reduce both size and finished weight—with “C” Type and
Toroidal Wound Cores made from T&S OrthoSil. The directional
magnetic characteristics and extremely rectangular hysteresis loop
of oriented OrthoSil have proved advantageous on hundreds of
applications, particularly in 400 cycle equipment at flux densities of
15,000 gauss and over.

_____________________________________ =
! |
] [] Magnet Design— Bulletin 151 (for the design engineer) i
= [] Standard Magnets — Catalog SM-1252 (complete data with dimen- |
sional drawings) |
I ] Alnico 5Cb—Bulletin 1253 (details on today’s newest Alnico) |
I [] Laminations — Bulletin L-752 (applications, specifications, value |
graphs) |
I [] Wound Cores — Bulletin WC-353 (specifications, value graphs) I
| Name and Title = [
v l Company = - l
-I : I Address e - . S |
= >
, | City - — |
|
e a
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FOR USE ON
CONVENTIONAL CHASSIS

|

|
The same special I'P I
Capacitors are also usable [
on any melal chassis, for |
service replacement or [
other applications where
they can be individually I
mointed. For produetion |
line use on conventional l
chassis, the standard
Mallory FP Capacitors I
are recommended. |

CAPACITORS

designed for easy mounting

on printed circuits

A new line of Mallory I'P Electrolytic Capacitors features mounting
prongs and terminals specifically designed for use with printed
electronic circuits. These new features give vou practical, fool proof
mounting— plus the high standards of performance which have earned

I'P Capacitors outstanding acceptance by leading manufacturers.

Note the shoulders cut in the mounting tabs, to hold the capacitor
clear ol the chassis. You can print the circuit on both sides, without

danger of shorting against the case.

Keyed mounting tabs assure correct positioning. Solder terminals
arc smaller. .. save chassis space, need only a small solder drop
to hold securely.

To give a strong mechanical mounting, the prongs can be spread
conveniently by means of a simple jig. Aluminum risers from the
foil stop short of the soldering area of the terminal ... can’t con-
taminate the solder.

Write or call us for complete technical information, and for coopera-

tive engineering analvsis of vour specific capacitor application.

Expect more...Get more from MATLoRY

Parts distributors in all major cities stock Mallory standard components for your convenience.

Serving Industry with These Products:

Electromechanical —Resistors @

Electrochemical — Capacitors ®

Switches ® Television Tuners ® Vibrators P.R.MALLORY & CO.Inc.
Rectifiers ® Mercury Batteries
Metallurgical—Contacts ® Special Metals and Ceramics ® Welding Materials
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P. R. MALLORY & C€O., Inc., INDIANAPOLIS 6, INDIANA
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electronics

W. W. MacDONALD, Editor

» NEW ENGLAND ... A field trip
to the northeast strengthens our
belief that this section of the coun-
try will continue to exert a major
influence upon the design, produc-
tion and use of electronic equip-
ment despite spectacular gains by
other areas.

New England has a number of
advantages that cannot be dis-
counted. Its people possess the
will to work. They have a high
degree of technical sgkill. In-
genuity is almost the watchword
of the Yankee; it flourishes in the
shade of fine educational institu-
tions with excellent facilities for
research.

While in Boston we had the op-
portunity of hearing half-a-dozen
suppliers of materials and services
not in our field speculate, industry
by industry, concerning their fu-
ture markets. In every case elec-
tronics was mentioned near the
top of the list. We are, it seems,
an important industry not only be-
cause of what we sell but also
because of what we buy, and no-
where is this more evident than
in the land of the Pilgrim Fathers.

» WEIGHT Sat through a
night-spot show with a disc-jockey
friend who runs a WCOP remote.
This served the double purpose of
providing relaxation during a

ELECTRONICS — June, 1954

CROSS

TALK

week on the road and keeping our
hand in on broadcasting tech-
niques. Noted that operator used
a spool of solder over the turntable
spindle to stop record slip. A
novel use for the stuff, in our ex-
perience,

» WRITING ... The cost of engine-
ering comes up in many conversa-
tions with management people
these days, perhaps because less
of it is financed by the government
than a year or so ago.

Several men with whom we have
recently explored this subject
think the increasing cost is due in
large measure to duplication of
effort from plant to plant. This
reminds us that three separate
pieces of printed matter having a
direct bearing on this point ar-
rived in the mail this week:

An abstract of a speech says en-
gineering progresses in direct pro-
portion to the number of good pub-
lished papers. A government ex-
periment station advises that it is
starting a course in technical writ-
ing for its personnel. And a manu-
facturer sends us a long letter out-
lining the opportunities in indus-
try for engineers who can write.

The ultimate importance of
technical writing, it seems to us,
is simply that by the interchange
of information today’s work can

JUNE -« 1954

begin where yesterday’s ended—
one need not do again today what
was well done yesterday.

» ROLLING STONES . . . Wide-
spread pirating of engineers who
are up on color television receiver
design is reported. Manufactur-
ers are letting no grass grow under
their feet in preparing for the new
market.

This reminds us that the busi-
ness of job jumping is not as lucra-
tive in the long run as it was just
a few short years ago. Most com-
panies have upped their pay scales,
improved working conditions and
provided other benefits calculated
to hold technical help in a time of
shortage. Opportunities for ad-
vancement exist in almost every
firm in our fast-moving business.
Normal obstacles to advancement
probably have to be hurdled in the
plant across the street too, even
though this may not be evident to
an outsider. The grass over there
is not necessarily greener.

» HUMAN ... On a recent tech-
nical program was a paper entitled
The Monte Carlo Method as a Na-
tural Mode of Ezxpression . . .

We've always suspected that
there was a little bit of a gamble
in even the most precise branches
of engineering.
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27.5 MSEC

21.0 MSEC 19.0 MSEC

Relaxation times of molecules in oil samples give clue to SAE viscosity

Field Pulses Produce

nsprwe

YT P R R

14.0 MSEC

Pulse transmitter supplies r-f magnetic field for nuclear resonance spectrometer. Study of

resulting spin echoes provides additional information ahout chemical and physical

properties of material. Measuring viscosity of lubricating oil is one example

ERTAIN ADVANTAGES of pulse

techniques for exciting nu-
clear resonance become evident
when comparisons are made with
c-w nuclear resonance systems. The
pulse method does not require a
homogeneous polarizing field. The
received echo signal is obtained
when the transmitter is cut off,
greatly reducing the effect of the
transmitter field at the receiver coil
and simplifying probe design. It
is in fact possible to use one coil
for both transmitter and receiver.
However there are advantages in
reduction of transient effects in the
receiver to be gained by separation
of transmitting and receiving cir-
cuits. Another advantage of puls-
ing is that the pulsed signal is
readily demodulated and amplified
at video frequency and auxiliary
sweep fields for producing modula-
tion are not required.

Equipment

Pulse equipment for producing
spin echoes is similar to equipment

134

By LEONARD MALLING

Varian Associates
Palo Alto, Calif.

used in radar or television. Differ-
ences occur mainly in equipment
for producing the pulses. Figure 1
is a block diagram of a typical spin
echo system designed for proton
excitation of liquid chemical
samples. A convenient polarizing
field and frequency for proton ob-
servation is 7,060 gauss and 30 me,
which will satisfy the requirements
of the nuclear equation discussed in
a previous article." Radio-frequency
equipment for proton investigation
may be designed for fixed fre-
quency operation and the required
nuclear flexibility obtainad by vary-
ing the polarizing field. Since pulse
operation requires wide band-
widths, tuning or searching for
signals is relatively simple with
magnetic field control.

The sample in its probe is in-
serted between the pole faces of an
electromagnet. The probe uses a

simplified cross-coil arrangement
similar to that used in the spec-
trometer'; however, since the coils
have preset tuning, low-impedance
coaxial cables may be used to con-
nect the probe to the electronic
apparatus, as shown in the sche-
matic diagram.

Transmitter

Radio-frequency pulses are ap-
plied to the probe from a 30-mc
transmitter that provides the field
for initiating nuclear resonance.
The signals generated in the re-
ceiver coil are amplified in a 30-me
receiver that has sufficient r-f and
video gain to permit observation on
an oscillescope.

A low-frequency function genera-
tor supplies continuous pulses to a
nuclear timer, which has a flexible
control arrangement that provides
pulses of the desired characteristics
to drive the pulse modulator in the
transmitter. The timer ensures also
that echo signals are readily ob-
servable by supplying suitable con-
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USE OF SPIN-ECHO INFORMATION

Main use for equipment of the type described in this article is in measuring certain physical properties of chemicals. Some idea of
the applications of spin-echo equipment may be gained from the photographic recordings at the left. These show the experimental results
obtained from standard automobile oil samples having different viscosities—from left to right: SAE 10, 20, 30 and 40. The dots on
the photos are 5-millisecond time calibration markers.

The physical property measured is the relaxation time, which is a property associated with the motion of molecules in oil samples.
The slowly decaying vertical lines are photographic recordings of the change in echo amplitude with change in initiating pulse spac-
ing. As pulse spacing is increased, echo amplitude slowly decreases. With higher viscosities, the decay time is much shorter.

Spin-echo equipment may presently be regarded as a highly specialized tool for the nuclear physicist or chemist. However, as know-
ledge is gained concerning uses to which nuclear resonance may be put, increasing application of this relatively new phenomenon may
be expected—including possible uses in solving purely electronic problems such as memory storage

Nuclear Spin Echoes

trol voltage to the oscilloscope for
synchronization and other purposes.

One of the main requirements for
the r-f transmitter is that it be cap-
able of producing the required field
intensity in the sample enclosed by
the transmitting coils. The field in-
tensity should also be continuously
controllable to meet the field re-
quired depending on the length of
the pulse. The field requirement is
of the order of 10 gauss and may be
readily compared to that for mag-
netic scanning of television tubes.
For nuclear work, however, a sinu-
soidal r-f field is used.

One effect of the r-f field pulse
on nuclei that have already become
orientated by the steady d-c polariz-
ing field is to tilt their magnetic
moment vectors from the original

direction to some new position. The
amplitude of the echo is dependent
on the amount of tilt produced by
the excitation pulses. The tilt is
a function of both pulse width and
r-f magnetic field
9 =y H, t,

where 6 is the angle of tilt of the
magnetic moment wvectors of the
nuclei; v, a nuclear constant; H,, the
magnitude of the r-f field; and ¢t.,
the pulse width.

For spin echo equipment, for
proton excitation the tilt required
may be of the order of 90
degrees. This requires an r-f
field of several gauss for a pulse
width of the order of 30 micro-
seconds. The r-f field intensity may
be provided by an 82%A operating
as shown in the schematic. Since

30-MC R-F AMPLIFIER | |
| | |
2 uH 8294 v ’?’OOV | |
=t L 1 L
. = '
{ R-F PULSE
1S uF T 1,000 up F OUTPUTS|
' +300V ) |
+300V | ]
b
oL
+300V :
PULSE !
MODULATOR |
|
PULSE ]
_____ e

TO 30-MC
RECEIVER I

Schematic diagram of probe and transmitter output stages
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one of the major requirements of
the transmitter is to provide maxi-
mum r-f current in the probe coils,
a high Q would appear to be desir-
able. However, pulse fidelity limits
coil Q and sets requirements on
output tube operation similar to
those for television transmitter out-
put systems.

Receiver Considerations

While one of the primary objec-
tives of spin echo equipment is to
produce readily observable echoes,
it is sometimes desirable to observe
the decay signals that occur imme-
diately after the pulse. A typical
presentation of the decay signals
may be as shown in Fig. 2. The
applied pulses are shown as lines
representing  relatively narrow

Inserting sample inte spectrometer probe
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pulses compared to the pulse spac-
ing T. The free decay signals fol-
low immediately after the pulse ap-
plication and the echo builds up to
4 maximum after time interval T.

With the simple cross-coil system
used on spin echo probes, where no
extreme precautions are taken to
reduce transmitter pickup at the
receiver coil terminals, the trans-
mitter voltage at the receiver coil
may be many thousand times
greater than the desired signal.
Although the free decay signal
occurs after the transmitter pulse,
the receiver must be capable of
presenting the desired information
without objectionable transients
caused by transmitter pulse over-
load.

Other receiver considerations
such as gain, bandwidth and low
signal-to-noise input circuits follow
practices now well established in
the literature of wide-band ampli-
fier systems.

For a fixed tuned system such as
is used here, the signal is brought
into resonance by adjusting the
magnetic polarizing field to satisfy
the resonance equation. The echo
signal so obtained may then be
maximized by adjustment of the
various electronic parameters to
suit conditions of the experiment.
These parameters include pulse

30-MG PULSE
TRANSMITTER MODULATOR
30-mMC VIDEO
RECEIVER [ > ] LIMITER = \VPLIFIER OSCILLOSCOPE
SWEEP
————— SAMPLE TRIGGER
| PROBE
|_ —macneT |
2-AaXIS
MODUL ATION
L-F
FUNCTION [ Ngﬂiﬁéﬂ —a
GENERATOR

FIG. 1—Pulse operated equipment for studying nuclear spin echoes

spacing, pulse width and trans-
mitter power.

Timer

The nuclear timer for spin echo
differs from timers used for radar
or television in that extremely slow
repetition rates are required due to
the long free decay times associated
with nuclear resonance of the pro-
ton. The repetition rate may vary
from 10 to 0.01 cps. However, for
convenience of adjustment and ease
of observation it is also desirable to
have repetition rates as high as 100
cps. As stated above, two r-f field
pulses are required to obtain a spin

additional important information.

SPIN ECHOES AND NUCLEAR RESONANCE

The nuclear resonance spectrometer has proved a useful tool for qualitative and
quantitative analysis of materials.' Study of spin echoes from the nucleus may provide

In nuclear resonance spectrometry, a continuous r-f field is applied to a sample
immersed in a strong d-c magnetic field. The magnetic moments associated with the
nuclei within the sample can be made to precess, producing a small signal that may
be amplified and displayed on a recorder. The physical requirements for resonance to
occur are w — 8 H —where w = 2nf (with f the signal frequency), 8 is a nuclear
constant, different for each isotope and H, is the strength of the polarizing field.

If an r-f pulse is applied rather than a c-w signal, not only does precession occur
during the pulse but a steadily decaying signal also persists after the pulse. This is
because energy stored in the orientation of magnetic moments of nuclei during the
pulse is dissipated relatively slowly through molecular collisions. This free decay time
may be in the order of tenths of a second even though the r-f pulse is only in the order
of severa!l microseconds.

If two successive field pulses are applied, then by constructive interference of
nuclear-magnetic-resonance signals an echo may be produced after the application
of both pulses. This is the spin echo.® *

If, before application of the first pulse, the nuclear magnetic moments are oriented
in a particular direction by the polarizing field, the first pulse tilts the axis of the
nuclei in a new direction. After a period that may be long compared to the puise width
a second pulse is applied and a further shift in orientation produced. The nuclear res-
onance echo signal is obtained at a time interval equal to the spacing between applied
r-f pulses.

In some experiments a third pulse is added to produce further sets of spin echoes.
This provides additional information regarding properties of the nuclear spin system
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echo and the pulse spacing may be
as short as a few milliseconds or as
long as several seconds correspond-
ing to frequencies of from 1,000 to
0.1 eps. The pulse width may be
required to vary from 10 to 100 mi-
croseconds. In addition, for some
nuclear tests a third pulse should
be available that may be placed at
any desired spacing from the initi-
ating pulse pair.

One of the best ways of securing
flexible control and accurate timing
in pulse systems is to use a gener-
ator of continuous waves or pulses
as a driving source. This is the
system employed in the spin echo
nuclear timer. The block diagram,
Fig. 1, shows a low-frequency func-
tion generator driving the nuclear
timer. The function generator has
a continuous range of 0.1 to 1,200
cps, corresponding to a pulse pair
spacing of one millisecond to 10
seconds.

The system is such that the initi-
ating pulse pair spacing is deter-
mined by the frequency of the func-
tion generator and all other timing
sequences are multiples of the pulse
pair spacing. Tuning to maximize
the spin echo signal is then readily
accomplished by rotating the fre-
qgency control dial of the function
generator and the time interval be-
tween pulses will be known at all
times within the accuracy of cali-
bration of the function generator.
For some tests the pulse spacing
may be quite short—a few milli-
seconds—whereas the repetition
rate may be of the order of once
every few seconds.

One way of looking at the nuclear
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FIG. 2—Free decay signals and echo

timer is to regard the output as
representing a special form of
counting, the sequence being, say 1,
2; 101, 102; 201, 202; 201, 302,
401, 402; etc. The 1, 2 count would
be the first paired pulse and the
interval between 1 and 101 would be
the time interval representing the
repetition rate, which would be an
integral multiple of the spacing be-
tween pulses 1 and 2, in this case
chosen at 100. This long time in-
terval actually corresponds to the
spin recovery rate of the spinning
nuclei, or the time required for the
spin assembly to return to an equi-
librium position in the polarizing
field after the application of the r-f
pulses. In practice it has been
found convenient for oscilloscope
synchronization to precede the
pulse pair by a synchronizing pulse
that does not appear as a r-f pulse.
Thus, if in addition a third field
pulse is added the counting se-
quence might be: 0, 1, 2, 21; 100,
101, 102, 121; 200, 201, 202, 221;
300, 301, 302, 321; etc.

Operation

Figure 3 shows the pulse and
gate sequences, starting with the
continuous pulses delivered by the
function generator to the nuclear
timer and finishing with the final
pulse arrangement at the output.
Figure 4 is a simplified block dia-
gram showing the key operation
performed by the timer.

Referring to Fig. 4, continuous
pulses from the function generator
are applied to the control grids of
three flip-flop multivibrators V,, V.
and V,. Tube V, is normally on
and V, and V, are normally off. A

ELECTRONICS — June, 1954

pulse from the function generator
will pass directly through V, to the
output and will simultaneously trip
V. to cutoff position. As V, trips,
it trips V. through a delay network
so that V., now passes the next pulse
from the input to the output cir-
cuit. After the pulse, V. drops
back to cutoff position and simul-

FIG. 3—Relation of pulses and gates

active gate, which covers the pulse
field application and the reception
of the echo; and the recovery gate,
which covers the period during
which the nuclei return to equilib-
rium. When a third field pulse is
required, an extra multivibrator is
cut into the pulse selection circuits
and is operated by an adjustable
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FIG. 4—Obtaining isolated periodic pulse trains from continuous pulse input

taneously readies V, for a pulse.
After the three pulses have passed,
all three flip-flops are in cutoff posi-
tion so that no further pulses can
pass. A reset gate initiated by the
first pulse then resets the multi-
vibrators after the desired reset
time interval.

Referring once more to Fig. 3,
the zero, first and second pulse mul-
tivibrators comprise V,, V., and V,
in the block diagram, Fig. 4. The
reset gate comprises two gates: the

gate that is also initiated by the
zero pulse.

Acknowledgments are due the
engineers, physicists and tech-
nicians associated with this project.
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is verified (see Fig. 10) by suspending antenna and rotating in azimuth while it is illuminated by distant source
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FIG. 1—Sectional view of struciural-tube antenna shows shorting members and
swastika feeds displaced by g half wavelength

138

www_americanradiohistorv.com

FIG. 2—Cross-section of structure near
swastika feed (A) and short (B)
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UHF-TV Coverage

Slot-type radiator employs four structural tubes and center conductor to approximate

coaxial lines. Advance adjustment permits welding and hot galvanizing. Odd nulls are

compensated by unequal power division between top and bottom, while second null 1s

filled by reversing one ring of slots

DESIGN of antennas for uhf tele-
vision broadcasting presents
problems in some ways more
stringent than for vhf broadcasting.
At uhf, lower transmitter power is
available and higher transmission
line losses are incurred at both the
transmitter and receiver installa-
tions. The signal-to-noise ratio of
uhf receivers, in general, is less
than that obtainable with vhf re-
ceivers.

Sharper shadow regions exist
at higher-frequency transmission.
Furthermore, it is doubtful if
larger-aperture receiving antennas
actually effect greater gain since
thev may often be installed in a
highly distorted and rapidly vary-
ing field. Consequently, for uhf
picture quality comparable to vhf
standards, greater effective signal
strength is required.

Design Problems

Increased signal strength from
higher-gain transmitting antennas,
obtained with a number of stacked
elements, necessarily implies a
narrower vertical beamwidth. If the
technique of branch-feeding is used,
a complex harness greatly increases
the cost of manufacture. Alterna-
tively, the simplification afforded
by end-feeding makes it more diffi-
cult to realize the low vswr required
for good picture quality.

Narrower vertical beamwidths
also cause the first and second
antenna nulls to advance well into
the service area, thereby creating
circular regions of low field
strength. This situation is particu-
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larly disconcerting when the an-
tenna is located in a large metro-
politan area where deep valleys of
low signal intensity are flanked by
regions of high field strength. The
ideal radiation pattern is a shaped
vertical pattern proportional to the
cosecant of the depression angle.
Such a pattern would lay down a
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FIG. 3—Optimum bandwidth for twelve
stacks is confirmed by plotting
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FIG. 4—Admittance curve of the com-
plete antenna

constant field regardless of range.

Chief problems confronting the
antenna designer are: limited
bandwidth owing to the larger num-
ber of elements and the increased
effect of transmission-line discon-
tinuities, irregular coverage result-
ing from presence of antenna nulls
in the primary service area, higher
manufacturing costs owing to the
increased number of elements and
need for a simplified mechanical de-
sign affording minimum mainte-
nance and maximum reliability.

These problems have been effec-
tively resolved in a newly developed
cosecant uhf antenna that is the
subject of this article.

Slot Array

The antenna comprises a vertical
arrayv of slot radiators propagating
horizontally polarized waves. The
slots are formed by the spaces be-
tween four vertical tubes of struc-
tural steel with four-inch outer
diameter and wall thickness of a
quarter inch. The tubes are ar-
ranged in a square with tube centers
five inches apart. The tubes are
shorted at intervals by welded steel
members, forming a series of rings
of resonant slots spaced one wave-
length between centers and approXi-
mately a wavelength long.

The arrangement shown in Fig.
1 results in a radiating system in-
tegral with the supporting struc-
ture. The slot apertures are sealed
by low-loss plastic covers that en-
velop a major portion of the ex-
ternal surface of the antenna. The
covers are dyed international
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Twenty-four
uhf-tv antenna is accomplished with no
external appendages, thereby minimiz-
ing ice formation

wavelength aperture of

orange to obviate maintenance
painting of the antenna.

The complete antenna comprises
two electrically identical sections
of twelve slots each, forming a 24-
wavelength aperture.

R-F Feed

The two 12-wavelength sections
are center-fed by a standard 33-in.
coaxial line that runs up one of the
4-in. vertical tubes. The individual
slots of each section are tapped
across the transmission line formed
by the inner conductor and the four
structural tubes and extending the
length of each section. A cross-sec-
tion of this arrangement is shown
in Fig. 2.

A five-wire line is thus formed
with the four structural elements
acting as the ground; that is, they
are equivalent to the outer conduec-
tor of a coaxial system. Each ring
of slots is energized in phase by the
so-called swastika branch-feed ar-
rangement shown in Fig. 1.

The center conductor is rigidly
supported by the solid swastikas
every wavelength and by the
quarter-wave short after the last
slot. With the exception of the gas
seal at the input, no insulators are
used in the antenna proper.
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End feeding of an array of many
elements is possible only for rela-
tively small bandwidths because the
input admittance and the vertical
pattern vary considerably with
changes in frequency. To obtain the
exacting match over the 6-mc
channel required for good picture
quality, it is necessary to optimize
the various antenna parameters for
maximum bandwidth.

The antenna can be represented
by a wvertical transmission line
loaded at one-wavelength intervals
by equal normalized admittances vy,
that can be assumed constant over
the narrow frequency spread. For a
small frequency variation, analysis
indicates that the input admittance
viv 18 given by

. A
YIN = Ays + J2r 7

X[(n_l)_'Yl?E
k=1

-+ higher order terms 1
where n is the number of radiators.

At the midfrequency Af is zero
and the input admittance becomes

matched to the feeder of character-
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curve plotted

istic admittance y, when

Nys = Yo (2)
The use of this value of vy, yields
a variation of the input admittance
with frequency principally owing
to the imaginary term. For ex-
ample, a 1-percent frequency varia-
tion results in a mismatch of ap-
proximately 1.3.
On the other hand, making
n—1

i/2
27w —1 ‘]
s E
k=1
produces an input admittance con-

stant for small percentage varia-
tion in frequency and equal to

L

As an example, for a bandwidth of
*+1 percent the input vswr does
not exceed 1.05 and is due to the
higher order terms. Under this
optimum bandwidth condition, the
bandwidth can be shown propor-
tional to the square of the number
of slots.

This optimum bandwidth condi-
tion can be regarded as minimiz-
ing the stored energy in the
system and the vswr on the vertical
feeder is minimum near the center
of the array. In the case where v,
= v,/m, unity vswr occurs at the
antenna input and the vswr in-
creases in steps toward the end
of the array.

An experimental verification of
the optimum bandwidth eondition,
is illustrated in Fig. 3, where the in-
put admittance variation for one,
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F1G. 7—Horizontal pattern measured at
650 mc

two, four, eight and twelve-element
arrays from an optimized twelve-
element array is plotted. The meas-
ured variations are a maximum for
half the array, decreasing to a mini-
mum for the complete array. A
simple quarter-wave transformer is
used to match the admittance to the
input feeder. The final admittance
and vswr for the complete antenna
consisting of two center-fed sec-
tions are shown in Fig. 4 and 5.

To apply the optimum bandwidth
condition, it is necessary to adjust
the slot admittance to be real and
of the magnitude required by Eq. 3.
This value is obtained by adjusting
the point of contact on the slot and
the length of the tuning susceptance.
Correct adjustment of the tuning
susceptance is determined on a
special test section for each channel,
permitting the actual antenna to
be constructed with no variable ad-
justments. The entire antenna be-
comes a welded unit that is hot-dip
galvanized after adjustment and
welding.

Horizontal Pattern

The horizontal patterns of this
structure did not exhibit the
theoretical circularity expected of
an approximate cylinder having

four in-phase slots. To illustrate
this point the measured and cal-
culated variations from circularity
are plotted in Fig. 6. Curves 1 and
2 are plots of measured variation
from circularity; curves 3 and 4
are plots of calculated variation
based on maximum cross-sectional
diameters.

The striking conclusion is that
the actual pattern deviation is con-
siderably less than that computed
on the basis of a cylinder circum-
scribing the vertical tubes. More-
over, the equivalent cylinder giv-
ing the same circularity as the
tube configuration is smaller than
the circle joining the tube centers,
a circumference on which no
radiating current exists.

Circular Pattern

Maximum radiation intensity
occurs opposite each slot in a
typical measured pattern (Fig. .
The improved circularity has no
special significane apart from the
practicability of using fewer slots
to obtain a given circularity with a
fixed cross-sectional dimension.

The vertical pattern of a uniform

in-phase aperture of 24 wave-
lengths is given by

sin (24 = sin 9)

(24 7 sin 8)
which is plotted in Fig. 8. This

function has zero values at arcsin
n/24, for integer values of 7
which bracket the subsidiary maxi-
ma. The locus of the maximum
values follows the cosecant pattern.
The power gain of such an antenna
is 27.5, after allowing for a 0.3-db
copper loss. Figure 9 indicates the
coverage diagram to be expected on
the basis of the FCC (50, 50) curves
when the antenna is mounted on a
500-foot tower. Note the regions of
low signal strength caused by the
antenna nulls. This antenna should
be satisfactory in installations
where the service area does not in-
clude the region immediately ad-
jacent to the transmitter.

In many installations it is de-
sirable to fill in the antenna nulls.
The first, third, fifth and successive
odd nulls can be filled by unequal
power division between the top and
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bottom sections. The radiation

pattern then becomes

sin (12 = sin 6)

(12 7 sin 6)
X [cos (12  sin 8) + jb sin (12 = sin 0)]

where b is related to the power
division by power ratio = [(1 +
b)/(1 — b) ]2

The second null still remains un-
filled. To fill the second null, one of
the rings of slots is reversed in
phase. The slot chosen is one that
contributes quadrature field in
the immediate vieinity of the
second null. The resulting pattern
is shown in Fig. 10 and the pre-
dicted coverage diagram in Fig. 11,
The antenna gain is correspond-
ingly reduced to 24.

The antenna beam can also be
depressed by advancing the phase
of the top section. Figures 12 and
13 indicate the pattern and the ex-
pected coverage diagram with a
phase advance of 60 deg. The peak
gain is now reduced to 19.

Pattern Verification

The measurement of the vertical
pattern of a horizontal omnidirec-
tional antenna is beset with many
difficulties. The antennas for the
lower uhf channels are over 50 feet
long and weigh approximately
3,000 pounds. The antenna must be
properly supported and rotated,
using a pattern range in excess of
2,500 feet. It is necessary that the
area surrounding the antenna un-
der test be reasonably clear to
avoid reflections. Supporting struc-
ture reflections are particularly
troublesome.

The main body of the pattern can
be recorded quite accurately; how-
ever, some doubt exists about the
data in the null regions. Patterns
were taken on several antennas sup-
ported four feet above a heavy
steel mount by a wooden structure.
The data did indicate adequate null
fill-in, but the variation of the null
structure with a small percentage
change of frequency indicated that
some fleld distortion was present.

To obtain a better evaluation of
the true free-space pattern, the
arrangement shown in the photo-
graph was used. Here the antenna,
elevated by a large crane, was con-
nected to a 36-to-1 selsyn arrange-
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ment for angular information. As
the crane and the recording equip-
ment were located on the antenna
axis, in which direction the antenna
does not receive radiation, it was
felt that the free-space condition
was simulated as closely as possible.
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FIG. 14—Observed field strength ver-
sus distance for WNOK.TV

The entire test was performed on
an abandoned air field, so that re-
flections from the rear were also
minimized. The pattern so obtained
is compared with the theoretical in
Fig. 10.

Mechanical Design

The antenna is a self-supporting
cantilever designed for general
tower mounting. The structural
rigidity is based on a maximum
deflection of less than 0.5 deg at

the radiation center for a wind
velocity of 100 mph assuming a
pressure of 35 psf. An advantage
of the structural configuration is
that there are no weakening cut-
aways or fragile appendages. The
absence of insulators and connec-
tors enables welding and galvaniz-
ing the antenna as a complete unit,
a process that eliminates practically
all subsequent deterioration and
failure in service.

Weatherproofing

The antenna is weatherized
using strips of dielectric material
caulked and clamped over the slots
on the tangent planes of the tubes.
A specially treated polyethylene or
Fiberglas board is suitable. The
antenna is allowed to breathe
through holes drilled through the
base plate, which also serve to drain
away moisture during excessive
condensation. The gas seal at the
antenna input seals off the tower
feeder from the antenna.

Elimination of all external ap-
pendages and the large ratio of
dielectric-to-metal on external sur-
faces hinder ice formation. Further-
more, each slot layer is essentially
a low-Q system with a low slot im-
pedance yielding a low slot voltage.
This minimizes the adverse effect
of ice layers of high dielectric con-
stant, ¢ = 4. As a result, deicing is
seldom required in the majority of
applications.

Experimental Survey

To obtain an experimental veri-
fication of the predicted coverage
diagram and especially to demon-
strate the effectiveness of the null
fill-in feature, a field-strength sur-
vey was conducted on television
station WNOK, Columbia, South
Carolina. This station operates on
channel 67 (790 mec) with a 5-kw
transmitter. The survey was con-
ducted by the Allen B. DuMont
Laboratories with the consulting
firm of Kear and Kennedy partici-
pating, Figure 14 indicates the
average measured field strength of
six radials in comparison to the
predicted curve.

This final antenna is based on a
design originally developed by H. J.
Rowland, formerly of these Labora-
tories. The development was under
the general supervision of L. J. Chu.
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Color-Bar Generator
Produces I-Q Signals

Signals for alignment of Q and [ demodulators obtained from color-bar generator by

control of blue-green and blue-red overlap. Simple set-up makes method useful for

laboratory alignment work

By ARCHIE F. BOSCIA*
Senior Test Equipment Enyineer

Stromberg Carison Co.
Rochester, N. Y.

G ENERATORS producing red,
green, blue and green bars
for color tv work can be adjusted
to provide I and @ bars for align-
ment of decoders for these sig-
nals. Normally, such a generator
is set up to display green,
yellow, red, magenta, blue, cyan and
green in the most saturated condi-
tion possible. Where Q and I bars
are needed, it is possible to produce
them by proper adjustment of the
color-bar overlaps.

The process can be explained by
reviewing the equations for @ and I

Q=—-052G+021R + 0313 (1)
I=-—028G+060R —032B (2)
In the red-blue overlap, G = 0, so
I =060R —032B (3)
which can be reduced to zero by
making R = (0.82/0.60) B = 0.52B.
This means the magenta cverlap can
be adjusted to be a bar with I = 0,
which is a Q bar, by making the
red-bar amplitude about % the blue-
bar amplitude.
Similarly, in the blue-green over-
lap, R = 0, so
Q=—052G+031B (4)
which can be reduced to zero by
making G = (0.31/0.52) B = 0.60B.
Consequently the cyan overlap can
be adjusted to be a bar with @ = 0,
which is an I bar.
Equations 1 and 2 show that

* \Work dome while with Warwick Mfg.
Corp.
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FIG. 1—Generator waveforms for normal

the actual bars produced with these
adjustments are +@Q and —I. This
does not hamper their usefulness.

In practice the generator is set
up for the normal overlapped dis-
play of green, yellow, red, magenta,
blue, cyan and green. Waveforms
at various points in the equipment
will appear as in Fig. 1A. Then,
observing the @ signal at the
matrix adder (or at any other avail-
able point) the second green-bar
amplitude is reduced until the blue-
green overlap shows up as zero

display (A) and for I.Q display (B)

amplitude Q. This adjusts the -1
bar in the cyan overlap.

Next, observing the I signal in
the matrix adder, the red-bar am-
plitude is reduced until the blue-red
overlap shows zero amplitude. This
completes the adjustment of the @
bar. The waveforms with this
arrangement are shown in Fig. 1B.

Inspection of Eq. 1 and 2 will
show that a similar procedure could
have been carried out using the red-
green overlap, but the method pre-
sented has proved more practical.
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Temperature-Stabilized

Design equations and nomograph for determining variation of operating point of junction-

transistor amplifiers with temperature provide information for using circuit parameters

to stabilize operation. All equation data can be easily measured or calculated

EMICONDUCTOR devices are much
more sensitive to variations in
ambient temperature than electron
tubes. In the case of the point-con-
tact transistor, the most tempera-
ture sensitive parameters are 7.,
the collector resistance, and «, the
current gain."?
Variations of I, and »., with
temperature can cause marked limi-
tations in the operation of junction-

Ve

> lco }" (8) 'c

FIG. 1—Typical transistor characteristics
at room temperature (A) and at higher
temperature (B)

144

By HAROLD J. TATE

Fairchild Guided Missiles Division
Fairchild Engine and Airplane Corp.
Wyandanch, New York

transistor amplifiers. (I,, is the
saturation collector current which
flows when the emitter circuit is
open.) Due to increase in I,, a
perfectly stable amplifier at room
temperature can shift in quiescent
operating point to collector-current
saturation if precautions in tem-
perature stabilization are not ob-
served.

With variations in I, alone,
stabilization can be achieved by con-
trolling the ratio of equivalent-
emitter to equivalent-base series
resistance in the bias network.?

The treatment which follows will
examine the question of tempera-
ture stabilization in the general
case, including the possibility of
changes in 7. No assumption is
made as to the linearity of these
changes with temperature. A rela-
tively simple relationship can be
derived to show the effect of varia-
tions in 7. and I,, on the quiescent
collector current of any junection-
transistor amplifier.

For convenience, all analyses are
carried out in terms of the pnp
junction transistor. However, the
final results apply to the npn type
as well.

Temperature Effects

Figure 1A shows the collector
characteristics of a typical pup
junction transistor at room temp-
erature and Fig. 1B shows the col-
lector characteristics of the same
transistor at an elevated tempera-
ture.

Two effects can be observed

as a result of the rise in ambient
temperature: a pronounced shift of
the characteristics in the direction
of increased collector current
caused by an increase in I., and a
small tilt or decrease in slope of the
characteristics caused by a decrease
in 7.

The temperature coefficient of I,
is different for the various transis-
tor types currently available. In
addition, it varies among transis-
tors of the same type. However, as
better control is exercised over
manufacturing processes, more ex-

act information should become
available.
For the upn grown-junection

transistor 1., is of the order of
10 percent per deg C.!

Analysis

In the analysis which follows, R
is used for parameters external to
the transistor and r for internal
equivalent-T parameter'. The I,
value and its primes refer to quan-
tities described in Fig. 2. All other
V’s and I's refer to values at the
operating point. Lower case ¢’s and
¥’s are instantaneous values. It is
assumed that:

(1) Emitter-base voltage is zero
for all values of forward emitter
current greater than zero. This
voltage will generally be 0.1 volt or
less.®

(2) Base resistance is negligible
compared to collector resistance.

(3) Collector resistance is con-
stant over the entire operating
range of currents and voltages. It
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Transistor Amplifiers

is, however, a function of tempera-
ture,

(4) Current gain, «, is inde-
pendent of temperature.

Equivalent Circuit

The d-c equivalent circuit of a
pnp junction-transistor amplifier is
shown in Fig. 3. The biasing net-
work can be reduced to this equiva-
lent circuit by application of
Thevenin’s theorem.

The loop equations for this net-
work are

1. (R, + Ry) — i (Ry) = E.+FE, (€))]
—i. (R +i.(Ry + R) = E. — E,

— U (2)
From Eq. 1,
. _ E.+E, Ry i @)
& Rs + Rb Re + Rb ¢ '
Solving Eq. 1 and 2 for v, :
1o e M
ve = Boe — @R ) Character'stic variations with temperature are measured with «analyzer. Transistor
where is in oven at right
Ecc = -Ec +
R, R,
Eegvr P r+R (44)
ve ig=0
R.R
- Tl VI —
and B’ = R, + R. + R, (4B) I—— r
Figure 2 shows the load line ) e o
represented by Eq. 4 superimposed
on a typical set of collector charac- {
teristics. At the operating point OP
I,:=C(Ie +I”w+lca (5)
where I, = Y (5A)
Te ls'
Combining Eq. 8, 4 and 5 and solv- 2 ™ leo R
ing for I. - '
g 1or ;5_ " L—‘— R OP
a(E, + Ev) E.. g i
T R + Ie. 4
R. + Ry Te 2 !
L= - — ®) 8 ‘ !
1 — aRy + R ! !
R.+ R, Te =it M
g . |
Taking the natural logarithm of |
each side of Eq. 6 | |
|
Inl. = | :
L Teo J I
In <— e = ) + fea'] !
aRb R’ |
1 - Re + ]'?b ) + Te |
|
E.+ E E.. g ic
In <a R. + f?: + . +Iw> COLLECTOR CURRENT
Differentiating and collecting terms, FIG. 2—Graphical definition of terms used in stabilization calculations
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-5V
]
v as
R
i ) ~ Re S ) =
) ) s
)Y ¢
Ep=_ =k 470K
= Eb I
T = -12v
(B)
FIG. 3—Direct-current equivalent circuit FIG. 4—Stabilized grounded emitter amplifier (A) and unstabilized amplifier (B) used

for pnp junction transistor

where the temperature-dependent
variables are ». and I.,, and using

d(ln v) = dv/v,
qu - - ) Teo
Ic B Ec + Eb Ecc
“RoAR T tle
dl, [ R’
kel T A
co n o o ‘__
R +r. <1 R. + R, )
E.+E — dro. (D
b cc -
a R + R + + Ica Te
After further simplification, using
Eq. 4 and 6,
dIc _ Ico dIca_
Ie - [ aIen +I’ca ] Icn +
II'CD drC
[Tz;+ T ] o ®
where
_ K.+ E,
Iea e W (8A)
T'eo = I + Eee (8B)
Te
1" = Ve (8C)
Te
dl,, . . . =)
= fractional increase in I, (8D)
dl. . . .
Vi = fractional increase in I, (SE)
dr.

. = fractional decrease in . (8F)

Equation 8 relates the change in
collector quiescent operating cur-
rent to the change in », and I,
which caused it. Each term in Eq. 8
has a simple physical significance.
Terms 1., I’., and I”., appear
graphically in Fig. 2.

The most important term in Eq.
8 is «I.,, which must be large for
good stabilization. The term I,,
also has a simple physical signifi-
cance: it is the emitter current
which flows if the collector circuit
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in examples

is opened. Since I,, is generally
greater than I”,,, the form of this
equation suggests that a junction-
transistor amplifier will be stabi-
lized against temperature varia-
tions if the emitter current which
flows with the collector circuit open
is large compared to I.,.

This criterion can generally be
applied by inspection. For example,
Fig. 4 illustrates two grounded-
emitter amplifiers. If the a-c load
impedance is small compared to
5,000 ohms, then each amplifier will
have about the same input im-
pedance, output impedance and
power gain. However, the amplifier
of Fig. 4A is stabilized and that of
4B is not.

Circuit Analysis

ohms plus the 5,000 ohms in series
with the emitter, or 0.603 ma. This
is large compared to I.,, which will
be of the order of magnitude of 0.02
ma. The stabilization will therefore
be good. In Fig. 4B, I,, is 12 volts
divided by 470,000 ohms or 0.025
ma, which is comparable to I.,. The
stabilization will be poor.

Examples

To illustrate a complete sample
calculation, the amplifiers of Fig. 4
will be examined in more detail. As-
sume that the transistor is a pnp
type having collector characteris-
tics as shown in Fig. 5. For this
transistor o = 0.95, 7. = 1 megohm
and I, = 20 microamperes.

To assist in making calculations,
the nomograph of Fig. 6 is used.

Consider figure 4A. By Theve- p o i Fo 8 in slightly dif.
nin’s theorem, the d-c¢ base circuit ferent form
is equivalent to a 5-volt battery in
series with 3,300 ohms. Current I.,  dI. _ a e oy dre o
is therefore 5 volts divided by 3,300 I. Ieo T '
. 1620 02 04 1,0 fos 08 10]] I’zys,m T 14 508
- Y | ¥ o2 “\,I 16
1 P! | !
r ! | I i) |
T ™7 i 1
» | ! =095 1
| \ ! ! res 1 MEG .
by II / Ico=20puA /
R \ ] i T T 7 17T
e L II { Il '
3 [ \ / | i
= et — P | S, -
L . / N i
e |
3, ! NS" | /
11 T T1TSe T
] ’ | ;%\ ‘ b
1 |
i | / L \ |
[ .I /! { ¥ i n
T | T ‘ B T
| H [ /
!
_ : o ,
- | 1 | P’
[¢] 0.2 0.4 06 08 1.0 1.2 1.4 16
TOLLECTOR CURRENT IN MA

FIG. 5—Collector characteristics for pnp transistor example described in text
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wehere a,= = L

- - alen + I:n’

A = 119"_

N aleo + I’cu

Equation 9 can now be solved graph-

ically by use of the nomograph in
Fig. 6.

Stabilized Amplifier

Considering the amplifier of
Fig. 4A, the necessary quantities
will be computed for wuse in
stabilization Eq. 9.

E.. = 12 volts (Eq. 4A)
R’ = 7,000 ohms (Eq. 4B)
I, = 0.963 ma (Eq. 6)

V. = 5.3 volts (Eq. 4)

I,/ = 0.032 ma (Eq. 8B)

therefore
aIw/I’co = ]A_S, Icn/llw = 0625, I’cn/Ilca
166

Entering the nomograph with these
values

A = 0.034
A’ = 0.009
and so
a., dr., dr.
7, = 0.034 i -+ 0.009 5

To calculate dI./I, assume typical
values for dl../I., and dr./r.. If
dl../I., is 10 parts in 100 per deg C,
then for a temperature rise of 20
deg C, dl.,/1., = 2.

If it is further assumed that dr./r.
= 0.5

then - -djL— = 0.034(2) + 0.009(0.5) =
0.0725

so that I, increases 7.3 percent for
a 200-percent increase in 1., and a
50-percent decrease in r.. Consider-
able stabilization is seen to have
been achieved. The operating point
OP moves to 1.078 x 0.963 = 1.03
ma which is represented by OP’ in
Fig. 5.

Considering the amplifier circuit
shown in Fig. 4B:

I., = 0.025 ma
E.. = 12 volts

R’ = 7,000 ohms
I. =098 ma

V. = 5.1 volts

The d-¢ load line and quiescent
operating point for this calculation
are the same as in the previous
example.

For this amplifier:
ale/l'w = 0.743, Io/I'co = 0.625, I"e/

Iy, = 0.159
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FIG. 6—Nomograph supplies operating
junction transistors

Again entering the nomograph,

A = 0.35
A’ = 0.09

so that
df.

I = 0.35(2) + 0.09(0.5) = 0.745

In this case, I. increases 75 per-
cent for the same increase in /.,
and 7, as in the previous example.
The operating point has moved to
1.745 X 098 = 1.68 ma, repre-
sented by OP” in Fig. 5, which is
close to collector saturation.

The method described will sup-
ply both quantitative and qualita-
tive information concerning the
bias-circuit behavior of junction-
transistor amplifiers at elevated

point data for variation in temperature of

temperatures. The technique is
easily applied since all quantities
in the stabilization formula can be
simply measured or calculated in a
given design.
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XPERIMENTAL TESTS on para-
E chutes associated with modern
high-speed aircraft has resulted in
the development of a system for
sensing, transmitting and remotely
recording parachute data. Seven
information channels are provided,
permitting simultaneous study of
the influence of a number of vari-
ables on parachute behavior.

In a typical test procedure, the
live jumper is replaced by the
rubber and steel torso-shaped
dummy, illustrated in Fig. 1, which
is weighted to simulate a jumper
with his equipment. The dummy
is built around a hollow well five
inches in diameter in which the
electronic equipment 1is carried.
The dummy’s head is replaced with
the transmitting antenna. The
harness, with strain gages inserted
into the desired member, is fas-
tened around the dummy in the
normal manner.

Information Desired

In the sudden inflation of a para-
chute, various load-carrying mem-
bers of the harness and shroud
lines are subjected to rapidly ap-
plied tensile forces. Knowledge of
their maximum values is needed
and the duration of the forces is
also of significance. Therefore
complete time-function plots of the
forces at several points in the rig-
ging is the preferred form of out-
put data from the instrumentation
system. Altitude information with
sufficient accuracy to determine rate
of descent is also essential.

Design

The instrumentation system con-
sists of : (1) a series of tensiometer
buckles of graduated ranges; (2)
altimeters for low and high altitude
use; (3) parachute-carried teleme-
tering units for coding and trans-
mitting the data from these pickup
instruments to the ground; (4) a
ground station assembly for decod-
ing and photographing the teleme-
tered signals; (5) a film reader for
producing time graphs of the
measured quantities.

The seven information channels
have an accuracy of approximately
10 percent. Each channel is sam-
pled 100 times per second. Output
information from the overall sys-
tem is displayed in the form of
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FIG. 1—Test dummy with harness and
telemetering equipment installed

FIG. 2—Tensiometer buckle for sensing
tension in harness risers

FIG. 3—Aneroid transducer

Parachute-Borne

CHANNELS
CODER -7 15-KC 217-M¢ L
(CHANNEL SUBGARRIER F-M —
SELECTOR) OSCILLATOR TRANSMITTER
[o} T
LA/\A»—»—« !
CALIBRATION AMPLIFIER 1
CHANNEL AND A-M F-M
- e MODULATOR
—>—{ MODULATOR

FIG. 4—Block diagram of parachute-borne unit of telemetering system

simultaneous time plots of the
seven selected variables on continu-
ous graph paper. The method of
modulation employed for conveying
the intelligence is pam/f-m.

Transducers

The transducer elements provide
for measuring harness tension in
ranges of 500, 3,000, 5,000, and
10,000 pounds full scale and altitude
in ranges of 20,000 and 40,000 feet.
Since the transducers all operate
with resistance-wire strain gages,
many of the commercially available
pressure and acceleration trans-
ducers may also be used with the

telemetering system.

The construction of a typical ten-
siometer buckle for sensing harness
forces is shown in Fig. 2. The
H-shaped structure is inserted into
loops sewn in the webbing and held
in place by removable pins. When
force is applied to the webbing, the
upright members of the H act as
cantilever beams. Resistance-wire
strain gages are cemented to one
elongated and one compressed sur-
face of the cantilever beams, so that
strain in the beam surfaces results
in proportional resistance changes.
Due to the elastic limits of the
steel of which the buckle is made,
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FIG. 5—Circuit diagram of parachute-borne unit. Motor is operated by rectified output of 1.7-megacycle oscillator

Telemetering System

Low-cost, semi-expendable unit transmits data from experimental parachutes during

actual descent despite tumbling and shock. Svstem provides seven information channels,

each sampled 100 times per second, over an operating range of 2 to 10 miles

By M. L. GREENOUGH and C. C. GORDON

Rlectrounic Instrumentation Section
Flecironics Division
National Bureaw of Standards
Washington, D. C.

the amount of available resistance
change is limited to approximately
0.5 percent. Since the gage re-
sistance is 1,500 ohms, the source
of signal is a resistance change pro-
portional to harness tension, whose
maximum usable range is =7.5
ohms.

Response of this type of buckle
possesses a slight degree of non-
linearity and hysteresis whose total
is within 5 percent of linearity.

A typical altimeter for the air-
borne units is illustrated in Fig. 3.
Its operation is based upon the ex-
pansion of an evacuated bellows at
lowered atmospheric pressure. A
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thin cantilever beam, to which
strain gages are attached, is de-
flected by the bellows motion
changing the resistance as a funec-
tion of altitude.

The bellows is of the radiosonde
type in which a nearly linear rela-
tionship between altitude and mo-
tion is provided. As in the case of
the tensiometer buckles, the re-
sponse approximates a linear rela-
tion with sufficient accuracy for
practical purposes.

Airborne Equipment

A block diagram of the airborne
equipment is shown in Fig. 4, and

a circuit diagram, in Fig. 5. The
starting point is the coder, which
generates a series of time-sequen-
tial pulses at eight circuit points
with a repetition rate of 100 pps
at each point. Duration of the
pulses is slightly less than one-
eighth of the 1/100-second period
of the complete scan, or about one
millisec. Each of the eight outputs
feeds one of the strain-gage
bridges, as shown in Fig 5.

The low or inactive side of the
bridge is common to all of the trans-
ducer elements. Since only one
bridge receives an exciting pulse
at any instant, there is no over-
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FIG. 6—Parachute-borne unit construc-
tion; tensiometer is shown at bottom

lapping or confusion of signals. The
bridge output is a repeated series of
eight pulses whose amplitudes are
proportional to the unbulance of the
strain gages on each of the t{rans-
ducers in turn. To assign actual
magnitudes to the observed pulses,
channel eight is derived from a
fixed bridge unbalanced by an
amount equivalent to 1.5 times a
normal full-scale signal. Then the
ratio of channel to calibration sig-
nal is indicative of transducer un-
balance. Since this ratio is
extracted by the output-reading ap-
paratus, syvstem-gain variations do
not produce erroneous readings.

The bridge-unbalance signals are
raised in level by an amplifier stage
and fed to a modulator for con-
version to amplitude-modulation of
the 15-ke¢ (nominal) subcarrier.
The pam subcarrier is then passed
to a reactance-tube modulator for
applying f-m to the 217-mc trans-
mitter for transmission to the
ground station. The transmitting
antenna can be seen in Fig. 1.

The entire airborne unit is pow-
ered by a self-contained battery
pack with capacity for about one
hour of continuous operation.

Coder

The coder, visible at the bottom
of the airborne unit in Fig. 6, acts
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as an inductive commutator to acti-
vate each of the eight channels in
turn. The essential features of the
coder are a r-f oscillator at about
1.7 me, a permanent-magnet motor
which rotates a slotted copper disk
at approximately 6,000 rpm, eight
pickup coils arranged in a circle
and tuned to 1.7 mc and diode recti-
fiers. As the disk revolves, the
oscillator is coupled periodically to
each of the eight coils, inducing a
voltage pulse in each which is recti-
fied and filtered. The pulse ampli-
tudes are adjusted to 10 volts =3
percent across an 850-ohm load by
shunting resistors on the pickup
coils. In this manner the problems
associated with high-speed sliding
contacts are avoided.

The motor, instead of being oper-
ated on the A-battery supply, is
actuated by rectified r-f power sup-
plied by the 1.7-mic oscillator. A
better balance of life of A and B
batteries is secured by placing the
load of the motor, even with its
only moderately efficient r-f source
of supply, on the B battery. Paral-
lel 6K4’s generate the required
power for feeding both the motor
and the transducers.

Modulation

The subcarrier modulation is
achieved by adding the amplified
bridge-unbalance signals and the
15-ke subearrier, then passing the
sum through a threshold diode and
filter circuit. Thus the subcarrier
is allowed to come through when-
ever a bridge-unbalance signal is
present, and in an amount propor-
tional to the unbalance signal. The
relative levels are set so that the
resultant minimum or zero-signal
output at 15 ke is approximately
one-quarter the maximum produced
by the calibration signal. Full-
scale signals from the various trans-
ducers therefore amount to 50-per-
cent modulation change in the sub-
carrier amplitude.

The transmitter and its f-m mod-
ulator are conventional in design.
The power oscillator, operating at
approximately 1085 mec, feeds a
power doubler tuned to 217 mec
whose output into a resistive load is
nominally 0.75 watt. In the modu-
lator portion the necessary quadra-
ture phase shift from plate to grid
is provided by the grid-to-plate ca-

pacitance and a low resistance in
the r-f grid return path.

Ground Station

The ground station panel is
shown in Fig. 7. The receiver has
a bandwidth of 300 ke, video re-
sponse to 20 mc and includes afe
on the local oscillator. As con-
trasted with f-m/f-m systems, there
is no stringent requirement for dis-
criminator linearity. The receiver
output is identical to the amplitude-
modulated 15-kc subcarrier appear-
ing at the amplifier-modulator out-
put in the airborne unit.

This signal is fed to demodulator
and filter circuits which convert the
waveform back to the duplicate of
the transducer bridge unbalance
signals. Equalization to correct for
amplifier response, particularly the
low-frequency deficiency due to the
bridge transformer, is included in
this portion of the circuit. The de-
modulated bridge-unbalance signals
are then fed to the camera unit
whose function is to record these
signals transversely on 16-mm film
continuously moving at 10 ips. Pro-
vision is made for intermittent film
motion to reduce film consumption
during the long period of drop after
parachute inflation.

The bridge-unbalance signals ave
also applied to the monitoring crt
on the front panel of the ground
station for observation of received
signals. A low-frequency saw-tooth
wave is added to the crt deflection
to provide timing indications at

FIG 7—Front panel of ground station
equipment. Decoder is at top. camera
in center and receiver at the bottom
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one-second intervals and for shift-
ing the pattern on the tube screen
for longer screen life.

Film Reader

The output of the ground station
is a film record of the transducer-
unbalance signals, recorded sequen-
tially as each of the eight circuits
is pulsed in turn. Before this
form of record can be interpreted,
it is desirable that it be converted
to side-by-side graphs of the indi-
vidual functions. Such is the pur-
pose of the film reader shown in
Fig. 8.

By the time the bridge-unbalance
signals have been passed through
the entire system the pulses are
rounded off somewhat at the base-
line corners and have acquired some
overshoot. Furthermore, because
the pulses are unidirectional, they
possess an average value propor-
tional to their amplitudes. This
average value cannot be passed by
the system and so the occurrence of
any one pulse shifts the base line
for the immediately succeeding
pulses. Clamping at this point is
inadvisable because of the loss of
small signals. As a vresult, the
magnitude of tension in a given
harness section in indicated by the
excursion of the peak from the aver-
age of the base line at the begin-
ning and end of the individual
pulses. Necessary averaging of base
lines and subtraction from the peak
is performed in the film reader.

The operator turns knobs in the
film reader connected to current-

summing  potentiometers until
pointer lines coincide with the
peaks and bases of the pulses. Sev-

enteen potentiometers are provided
so that one whole scan of all eight
channels may be covered. The
operator then adjusts a master gain
control until the amplitude of the
calibration signal comes to the ref-
erence value. Therefore the out-
puts at the seven other summation
points are voltages indicative of
the ratios of signal-to-calibration

line which corresponds, for example,
to zero tension in the buckles or
to zero altitude for the altimeter.
Time is indicated by scaling off the
intervals between the occurrence of
the one-second base-line shifts on
the film. Actual amplitudes in terms
of force are then assigned by refer-
ence to the known scale factor for
the buckles employed in the drop.
Altitude is determined by marking
the altitude of the aircraft beside
the corresponding altitude signal.

|

| 4

| 5,200 LBS.

M | CHANNEL 2
|
71

| 1
" | 2,440 LBS| 4880 LBS.L

FIG. 9—Sample record showing two channels of system. Curves represent forces

on two risers visible in Fig. 1

amplitudes. When the record but-
ton is pushed the strip-chart re-
corder plots all of the seven in-
formation channels and stops for
the next frame. This procedure is
then repeated until all information
of interests has been covered.

Test Evaluation

The resultant record consists of
seven parallel graphs. Each of the
channels starts from its own base

FIG. 8—Film reader converts sequential record on film to seven channels on chart
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Time-function plots of the forces
on two shoulder straps are shown
in Fig. 9. The results shown are
for a test produced by dropping the
dummy from a scafford, with ropes
to provide the decelerating forces.
Such a test setup can easily create
a given maximum deceleration, how-
ever, the dummy does not reach the
high velocity encountered before
inflation, hence for given peak de-
celeration the duration of the peak
forces is relatively short. The rate
of rise however is simulated closely
enough to provide an indication of
behavior under actual conditions.

In the graph, the rapid rise of the
harness forces may be seen. After
the peaks, the force remains at a
lower level, then finally drops to
zero as the dummy effectively
bounces on the ropes.

On the basis of experience in ac-
tual service the useful range of the
equipment is between 2 and 10
miles, depending upon terrain, alti-
tude and relative orientation of
transmitting and receiving anten-
nas.

The authors acknowledge the as-
sistance of Paul Selgin, C. Stans-
bury, F. H. Bayhi, B. K. Hawes,
M. L. Kuder and others.
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HIGH-GAIN paraboeloidal antennas beam microwave signals over 288-mile mountainous path to provide a . . .

Microwave Relay

Seven-station relay operating in 4,000-mc band links three television outlets of Japanese

Broadcasting Company. Traveling-wave tubes used in three-stage microwave amplifier

provide three-watt output for hops up to 60 miles between repeaters

ICROWAVE techniques provide
M network television in Japan.
A 4,000-mc tv relay feeds stations
in Tokyo, Nagoya and Osaka. The
system comprises five repeaters
and two terminals. Transmission
in either direction is possible by
switching waveguide connections.

The relay is 288 miles in length
and includes single hops of nearly
60 miles. The terrain is mountain-
ous and as the map shows the sys-
tem includes two overwater hops.

Propagation difficulties include
high free-space attenuation and
deep fades. To provide the neces-
sary gain each repeater incorpo-
rates a three-stage traveling-wave

Table I-—Television Relay System
Gain Requirements

Losses
Waveguide loss at trans-
mitter. ..o 1.0 db
Waveguide loss at receiver 1.0 db
Free-space attenuation (60
miles). ... .. . ... ... . 114.8db
FRANE: cwwn 5 vz 2 e 23.0 db
Total... ... ... ... ...169.8 db
Gains
Transmitting antenna gain  40.0 db
Receiving antenna gain. .. 40.0 db
Amplifier output—3 watts 34.8 dbm
Total............ ... 114.8 dbm
Min. receiving power under worst
fading conditions —55 dbm

amplifier that furnishes about a
three-watt output. High-gain par-
aboloidal antennas 18.1 feet in
diameter also are used. These an-
tennas provide 40-db gain. To avoid
overshoot the repeaters utilize a
double-heterodyne system and alter-
nate transmitting and receiving fre-
quencies between 4,000 and 4,045
me.

System Requirements

Table I gives the gain require-
ments for a typical relay link with
signal-to-noise ratios expressed in
decibels. Table II lists the r-f sig-
nal-to-noise ratios of each relay
section for both no-fading condi-

Table II—System Performance—R-F S/N for Relay Sections, Video S/N at Terminals

Relay Sections

Tokyo-Mt. Futago. )
Mt. Futago-Makinohara. .. ..
Makinohara—Mt. Oyama. . . o
Mt. Oyama—Nagoya (term.).. .. ...
Nagoya—M1t. Reisan. ... . ..

Mt. Reisan—Mt. Ikoma (Len.u..). U

Distance
(miles) (no fading)
50.4 55.5db
59.6 53.5
58.5 53.5
41.2 60.5
44.1 60.5
35.1 62.0

R-F¥ S/N per Section
(max fading)

34.5 db
32.5
32.5
39.5
39.5
41.0

Video S/N at Terminal
(no fading) (max fading)

56.8 db
56.3
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Received picture (left) on monitor illustrates transmission quality.

Three-stage traveling-wave amplifier (right provides high gain

for Japanese Television

TATSUJI NOMURA and KEIJI SUZUKI

Technical Research Laboratory
Broadcasting Company of Japan (NHK)

Tokyo, Japan

tions and conditions of maximum
fading.

The signal-to-noise ratios given
for the video signal at Nagoya and
Osaka take into account the fact
that here the r-f signal is demodu-
lated and retransmitted over vhf
broadeasting transmitters. The f-m
improvement factor R is added to
the r-f signal-to-noise ratio. This
factor is given by

R = 3 (B.. D)/2B/

where D is the maximum frequeney
deviation of f-m, B,.. is the band-
width of the i-f amplifier and B, is
the bandwidth of the video ampli-
fier.

The tables show that even under
the worst expected fading condi-
tions, a signal-to-noise ratio of at
least 35 db would be obtained at
both terminal stations, Nagoya and
Mt. Tkoma (Osaka).

Terminal Equipment

The arrangement of the f-m
terminal equipment is shown in
Fig 1. The video input is super-
posed on the repeller voltage of a

ELECTRONICS — June, 1954

By

SHIGERU MITA and NORIKAZU SAWAZAKI

Matsuda Research Laboratory

klystron to achieve direct frequency
modulation. The 3-watt output is
obtained in two stages of amplifi-
cation utilizing traveling-wave
tubes.

Frequency modulation by the
video signal necessitates stabiliza-
tion of the klystron oscillator fre-
quency at the peaks of the synchro-
nizing signal.

Thus, on the peaks of the syn-
chronizing signal, a portion of the
klystron output is fed back for auto-
matic frequency control. The sig-
nal is taken from one arm of a T-
junetion through a standing-wave
microwave frequency disecriminator.
A switching cireuit utilizing a
radar-tvpe t-r tube is inserted in
the feedback arm of the T-junction.
The t-r tube is made to discharge
only when afe output is desired—
on the peaks of the horizontal syn-
chronizing signal.

However, if the tube was made
to discharge on the peak of every
horizontal sync pulse, its life
would be unduely shortened. A
switching pulse generator is used
to ecount down the horizontal syne

www.americanradiohistorv.com

Tokyo Shibaura Electric Co., Ltd.

Tokyo, Japan

pulses and pulse the t-r tube only
during every tenth sync pulse.

The schematic diagram, Fig. 2,
shows the automatic frequency con-
trol ecircuit including the 10:1
switching pulse generator. The
loop gain of the complete afe cir-
cuit can be made about 50.

Repeater

As shown in Fig. 3, the television
relay repeater operates on the
double heterodyne principle. Ap-
proximate power levels at various
stages are indicated.

The particular repeater shown
receives on 4,000 mc and transmits
on 4,045 me. Two local oscillators,
three erystal mixers and a 6AKS
i-f mixer perform the conversion.

The input signal received from
the paraboloidal antenna is fed into
the first crystal mixing cireunit
through the waveguide. After pass-
ing through the input 4,000-me
pand-pass filter, it is mixed with a
locally generated 3,930-mc signal
and converted to the first i-f—
70 me—after which it is amplified
by an i-f preamplifier of low noise
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FIG. 1—Terminal station equipment comprises separate microwave receiver (A) and

transmitter (B)

figure. This output is then fed into
the delay equalizer through a 75-
ohm coaxial cable after which it is
further amplified by the 70-me main
i-f amplifier. This output and the
crystal-controlled second local-oscil-
lator signal (45 mc) are mixed and
the second intermediate frequency,
115 me, is applied to the second i-f
amplifier. After it is further ampli-
fied by passing through the limiter

circuit, the signal is fed into the
third crystal mixer where it beats
with the 3,930-mc¢ klystron local
oscillator output. The desired mi-
crowave output is obtained through
the 4,045-mc band-pass filter.

The signal is amplified to the re-
quired 3-watt output by a three-
stage traveling-wave amplifier and
radiated from the transmitting an-
tenna.

Table III—Characteristics of Traveling-Wave Tubes Type 7811 and 7812

Performance Data Type 7811 Type 7812
Voltage amplifier Driver Power amplifier
Heater voltage. . . .. 6.3 v a-c/d-c 6.3 v a-c/d-c 6.3 v a-c/d-c
Ist-anode voltage. . .. 1,500 v d-c 1,500 v d-c 2,280 v d-c
2nd-anode voltage. .. . 1,500 v d-¢ 1,500 v d-c 2,280 v d-¢
Grid voltage. . . ... .. . zero zero —60 v d-c
Ist-anode current. .. .. 0.5 ma 0.5 ma 3 ma
2nd-anode current.. ... 2.7 ma 2.7 ma 30 ma
Input power . ... ... .. 0.5 mw 3.5 mw 200 mw
Gain.. ... ....... ... .. 23db 20 db 13 db
Output power. . .. ... .. 350 mw 38w
Frequency.. .......... 4,000 mc 4,000 mc 4,000 mc
Magnetic field. ....... 400 gauss 100 gauss 400 gauss
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Facilities for afe, age and moni-
toring are also installed.

Crystal Mixer

For the first mixer, a breadband
balanced crystal converter is used.
The noise figure of the i-f preampli-
fier is adjusted to a minimum of
11.8 db.

Since the relay repeater is
equipped with resonant circuits in
each stage of the i-f amplifier, it is
necessary to equalize the delay time.

Delay time distortion is two
milliseconds at one stage of the
M-coupled amplifier of the i-f strip
and nine milliseconds at the
three-stage stagger-tuned amplifier.
To equalize the delay distortion of
the repeater, a delayv-equalizer cir-
cuit is inserted in two stages. The
circuit impedance is 150 ohms and
buffer amplifiers are placed both at
the input and at the output.

Main I-F

The first and second i-f amplifiers
are composed of triple-stagger.
tuned circuits to achieve their re-
spective bandwidth requirements.
Since grid current flows in the
Iimiter circuits and some of the
amplifier stages double-tuned, M-
coupled cireuits are used.

AFC

Since the frequency variation of
the klystron oscillator in the re-
peater has no direct effect on the
output frequency, frequency control
need be good enough only to make
the resulting i-f signals fit into the
amplifier passband.

For an f-m signal modulated by a
composite video signal, only the fre-
quency at the peaks of the synchron-
izing pulses is fixed. Thus it is
necessary to hold the klystron fre-
quency constant at these syne pulse
peaks. The synchronizing pulse is
obtained from the monitor output
of the repeater. This signal is im-
pressed on the screen grid of a
6AKS5 gate tube to pass the second
i-f signal for just the duration of
the synchronizing pulse. The gate
tube output is impressed on the afc
frequency discriminator whose out-
put becomes zero when the fre-
quency is lower by 5 me than the

June, 1954 — ELECTRONICS
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FIG. 2— Automatic frequency control system for terminal station es tablishes operating frequency
center frequency of the second i-f  monitored. The monitor input is output. The second i-f and the

amplifier. The pulse output is then
amplified, rectified and added to the
repeller voltage of the klystron os-
cillator to control its frequency.

The limiter current is used for
automatic gain control. This sig-
nal is superposed through a d-c
amplifier as grid bias on a set of
triple-stagger-tuned i-f stages.

To make sure the repeater is

taken from the second i-f amplifier.
In addition, a cavity-type micro-
wave frequency discriminator and
video amplifier are installed in the
final traveling-wave amplifier stage
for monitoring the output signal.

Modulator

As in the first erystal converter,
a balanced-type transmitter mo-

klystron local-oscillator output are
mixed and passed through a high-
frequency filter to obtain the re-
quired microwave output frequency.
Maximum output level is approxi-
mately 1 mw.

TWT Amplifier

The three-stage traveling-wave-
tube amplifier provides a gain of 50

operating properly, the picture is dulator is used in the repeater to 60 db and an output of 3
+40D8 +40D8
-908B +0DB +5DB +310B —11DB +40D8
e A A i
'—tJﬁ N B N — N
| a000-Mc| | crysTAL | | 70-mC DELAY zo-mc | | caveral || nsmc |l crvstaL |l apas-mc || 3 2SE
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FIG. 3—Relay repeater utilizes high-gain receiving and transmitting
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antennas and three-stage twt amplifier to achieve 144 db gain
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FIG. 8—Overall response of repeater (A) and characteristics of twt amplifiers (B)

watts. Thus, the output level of the
third mixer can be small.

The traveling-wave amplifiers
have ideal wide-band characteris-
tics, but since the gain and output
power are sensitive to voltage vari-
ation, the d-c high voltage is held
constant by the regulator circuit
shown in Fig. 4. Current for the
electromagnetic coil is held constant
by the circuit shown in Fig. 5. Over-
all frequency characteristics of the
relay repeater including the three-
stage traveling-wave amplifier is
shown in Fig. 6A.

The characteristics of the twt
amplifier are shown in Fig. 6B.
The horizontal axis indicates input
power in milliwatts and the V, out-
put power level indication is propor-
tional to the output power level of
the first-stage twt voltage amplifier.
Since this output increases in pro-
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portion to the input power, the first
stage operates as a linear amplifier
The V, indication is proportional to
the output power level of the
second-stage twt amplifier. The
second stage begins to saturate
around 0.04 mw of first-stage input
power level, and the third stage out-
put power indicator shows satura-
tion around 0.01 mw of the first-
stage input level. Thus a perfect
limiter characteristic is displayed.

The vswr of the standard input
waveguide is below 1.5 over the
200-mc range of the amplifier. The
same can be said of the output side.
Thus frequency response of the
amplifier can be kept within 3 db
over the band.

Antennas

High-gain paraboloidal antennas
are used. The waveguide feeding

FIG. 5-—Current regulator for twt focus coils

the antenna terminates in a horn
and a Styrofoam piece is pasted over
the open end for waterproofing. An-

tenna gain is about 42 db. The
horizontal half-power beamwidth
1s 1.34 deg and the vertical: 1.44

deg.

The waveguide is of a standard
type and its attenuation is less than
0.1 decibel per meter.

A microwave repeater system of
more recent design utilizes all
traveling-wave amplifiers and has
given satisfactory results.

The input r-f amplifier is a type
7810 low-noise traveling-wave tube.
Following the input band-pass filter
are two type 7811 twt voltage ampli-
fiers. The signal is then shifted 45
mc and passed to a three-stage
voltage amplifier using type 7811
traveling-wave tubes. Output power
amplifier is a type 7812.

The authors acknowledge the aid
of Yoshitoshi Tanabe, chief of NHK
technical research laboratory, Ka-
zuo Murase, chief of the facility de-
partment, Mr. Iwao Honjo, director
of Matsuda Research Laboratory
and Naonobu Shimomura, chief
engineer of Tokyo Shibaura Elec-
tric Company. Appreciation is also
due the engineers of NHK technical
research laboratory and the facil-
ity department of Matsuda Re-
search Laboratory and Komukai
Works of Tokyo Shibaura Electric
Company for adjusting and testing
the equipment.

June, 1954 — ELECTRONICS



Fem————————— e ———— o
| 1
Ro, max | ]
]
-« !
4 SERVO SERVO | — g
Ry | AMP MOTOR
e |
- |
|
1
- i
>
[ RS
Ro l I R 2r
«—b—AMN—
Ro «
RE
. Ro, Max Ry
Ra . Rowmax —
R3tRg 27

Altitude correction computer (left) uses chopper-type 60-cps servo amplifier with two-phase servo motor to drive two 10-turn helical

potentiometers (right)

Altitude Corrector
for Tracking Radars

Simple analog computer introduces earth’s curvature correction to target-altitude data

obtained from tracking radars. Correction permits plotting data from widely separated

radars on master board and furnishes accurate information to interceptors

ONVERTING altitude data as

determined from a radar to
altitude above sea level can be ac-
complished by a simple analog com-
puter. Conversion is necessary
when data from radars separated
by as much as 50 miles are dis-
played on a master plotting board
or when data from ground radars
are supplied to interceptor aircraft.
At 100 miles uncorrected radar al-
titude data would be in error—
about 6,600 feet low.

Radar altitude data is normally
available as height above a plane
tangent to the earth at the radar.
Due to the earth’s curvature,
altitude data from two separated
radars are not compatible.

Using assumptions that do not
decrease the desired accuracy of
0.01 percent, altitude above mean
sea level becomes H. H, +

ELECTRONICS — June, 1954

By W. R. McQUISTON
Point Mugu Division

Electronic Engineering Co, of Calif.
Los Angeles, Calif.

(R,2/2r) where H, is altitude ob-
served by the radar, R,, horizontal
range to target and 7, radius of the
earth.

The analog computer that calcu-
lates the term R./2r is shown in
the drawing.

Direct-current voltages propor-
tional to R, and R, ... are available
from the radar computer. The in-
puts to the 60-cps chopper-type
servo amplifier are R, and a d-c
voltage from R,. Any difference be-
tween the two inputs is converted to
60-cps amplified and wused to
drive a two-phase servo motor that
drives R, and R, by a gear train
until the two inputs are equalized.

When the wiper of R, is accu-
rately positioned to match R, its
physical position on the potentiom-
eter is proportional to R./Eo mus-
Since R, is mechanically linked to
R, R, is also positioned in the same
ratio and the voltage output of R,
iS (Ra/Ra.mnx) Rﬂ or R02/Rn.mnx- PO'
tentiometers R, and R, are ganged
10-turn Helipots.

Voltage divider R, R. is made
proportional to R, .../2r, a con-
stant. The output of R, is applied to
this divider giving (R.2/R, ma:)
(Ro.max/2r) or R,2/2r, the desired
altitude correction.

The observed altitude H, and the
altitude correction are summed in
the radar computer to provide the
corrected altitude H..

The computer can be used also to
solve equations involving division
of a squared variable by a constant.
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Automatic astronomer consists of massive measuring engine con-
taining 17-inch-square glass photographic plate made with tele-
scope, punched-card input-output equipment (at right of engine)

and two computer and control racks

THE FRONT COVER

Sequence control rack, with visual indicator panel that shows,
left to right, the star number (1214 here), the X-coordinate of its
position on the plate (219.4 mm) and the Y-coordinate (092.1 mm),

corresponding to data punched on IBM card

Automatic Measurement

Computer-controlled photoelectric measuring head locates star images one by one on

glass photographic plate, measures their coordinates with accuracy better than 1 micron

and records results automatically on punched cards for comparison with old data

INCE THE TIME of Hipparchus,

2,000 years ago, the astrono-
mer has systematically measured
the positions of celestial bodies in
the sky with the utmost aceuracy
and recorded them for future study
and comparison. The positions of
the fixed stars, as distinguished
from the planets, or wanderers, are
recorded in star catalogs. Positions
from early catalogs can be com-
pared with those from later ones
for a study of the tiny motions that
are gradually unfolding the struc-
ture and history of the stellar sys-
tems.

Photographic Technique

Methods of measurement have
been steadily improved. Today a
ten-minute exposure on a photo-
graphic plate permits the astrono-
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mer toc measure as many stars as
he could formerly in long hours at
the telescope. This ease of collect-
ing data at the telescope aggravated
the associated phases of the star
catalog program—years of pains-
taking measurements, stacks of
computations and months of proof-
reading.

The unique automatic methods
described here for doing the com-
puting, printing and proofreading
have developed to the point where
the outstanding remaining drudg-
ery is that of locating the star
image on the plate, measuring its
positior. and recording the results.

To the naked eye the images of
stars on a photographic plate ap-
pear as tiny black dots on clear
glass. Magnification shows that
each is composed of a group of iso-

www americanradiohistorv.com

lated silver grains distributed over
a roughly circular or elliptic area.
For the purposes of the star cata-
log, it is necessary to measure the
coordinates of these star images
relative to each other. From these
rectangular coordinates can be com-
puted the celestial coordinates of
right ascension and declination of
each star.

Description of Engine

In the past, a human operator
measured the locations of the star
images with a measuring engine.
Typical of these engines is the one
built in 1927 by Heber D. Curtis,
made available to Watson Labora-
tory for modification in the current
project. Supported at three points
by an angle-iron framework is a
massive cast-iron bed that supports
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Simplified block diagram of complete star-measuring system

of Star Positions

By JOHN LENTZ and RICHARD BENNETT

Watson Scientific Computing Laboratory of Intt‘matwnal Busmess Machines Corp.
Columbia University, New York,

the ways upon which a plate holder
moves in the wvertical direction.
Other ways on the bed provide run-
ning surfaces for a horizontal car-
riage.

A 2% inch diameter lead screw
with 1-mm piteh drives the hori-
zontal carriage by means of a nut
affixed thereto by a system of gim-
bals. The nut is a bronze cylinder
with approximately 50 radial
wooden plugs providing contact
with the screw. At one end of the
lead screw is an index head whose
circumference is divided into 1,000
equal divisions by ruled index lines.
The index head furnishes informa-
tion as to the angular position of
the lead screw and hence, when
backlash is removed, information as
to the linear displacement of the
horizontal carriage. One division
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on the head corresponds to 0.001
mm or one micron on the plate.

Requirements for Automatic
Measurement

The process of measurement of a
given coordinate of a given star
image may be divided into three
phases. First, out of all the stars
whose images are shown on the
plate under consideration, the
image of the desired star must be
found. Approximate plate coordi-
nates can be obtained from earlier
star catalogs; these are sufficiently
precise to locate unambiguously the
desired star. Second, the horizon-
tal carriage of the measuring en-
gine must be moved to a position
accurately representative of the co-
ordinate of the star being measured.
Finally, the precise new coordinate

value of the star must be recorded.

To make the process of star
measurement fully automatic, it
was necessary to provide mechan-
isms and control equipment capable
of accomplishing the three phases
of the operation automatically in
the proper sequence.

To adapt the original measuring
engine for an automatic system, a
photoelectric scanning device was
substituted for the visual micro-
scope. An auxiliary screw and car-
riage were installed to carry a
source of illumination in alignment
with the optical scanner for illumi-
nation of the photographic plate.

Electrical driving motor assem-
blies were provided for the hori-
zontal and vertical motions. An
auxiliary carriage on ball-bearing
wheels on an auxiliary set of hori-
zontal ways was added to remove
part of the weight of the micro-
scope carriage from the precision
wayvs.

The original horizontal and verti-
cal scales and graduated head on
the lead screw were supplemented
by svnchro position transmitters.

The engine was enclosed in a case
with thermostatic temperature con-
trol. A projection system was in-
stalled for visual inspection of the
field of view of the optical scanner
from outside the case.

Three cabinets contain electrical
and electronic control and sequenc-
ing units. A standard IBM ma-
chine for reading and punching
cards, called a presensing gang
punch, feeds the old star catalog
coordinates into the system. In-
cluded in the cabinets are analog-
digital converters that handle the
output from synchro position trans-
mitters on the engine. Since the
cards are read while in motion,
digital storage is provided so that
the data may be compared with the
digital output of the converters.

How the Machine Operates

The complete system is shown in
Fig. 1. A deck of cards containing
the approximate coordinates of the
stars to be measured on a given
plate, one card per star in order of
increasing z, is inserted in the hop-
per of the gang punch. The cards
are fed into the punch one by one,
in response to signals from the se-
quence unit. Numbers in the form
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of holes punched in the card are
read by sensing brushes making
electrical contacts through the holes
and this information in the form of
electrical impulses is transmitted to
digital storage. After the approxi-
mate coordinates are read, the
card passes to the punching station
where it comes to rest temporarily
while the measurement of the star
position is made.

The coordinates that have been
read from the card into digital stor-
age are compared with the outputs
of analog-digital converters. The
comparison device emits a direc-
tional error indication that is ap-
plied to the drive motors of the con-
verters, causing them to drive until
the converters agree with the stor-
age relays. At this point, the ap-
pearance of an error signal in the
synchro link between the drive
shafts of the measuring engine and
the converters causes relays to
operate to drive the carriages of the
engine to positions that agree with
the converters. The star image
should now be in the field of the
viewing screen.

The machine pauses in its
sequence to allow the operator to
inspect visually the star image and
to move it by push-button control
to the center of the screen and
within the field of the rotating
scanner.

After control has been returned
to the sequence mechanism, the
error signal derived from the opti-
cal scanning head causes the hori-
zontal drive motor and the vertical
correction motor to position the
carriages so that the optical axis of
the scanner will pass through the
center of gravity of the star image.
The synchro link between shafts
and converters furnishes error sig-

nals to drive the converters to new
positions corresponding to the pre-
cisely measured coordinate of the
star image.

Finally, the sequence mechanism
causes the new coordinate in the
converters to be transmitted to the
punch and punched in the appro-
priate columns of the card that is
waiting at the punching station.
As the first card is punched, the
second card is read and the whole
cycle is repeated until the last card
of the deck has been read and
punched. Save for the stop for
inspection just before final posi-
tioning, the complete process of
measurement of star position is
carried out automatically.

The basic sequence control units
and analog-digital converters were
developed originally by A. H. Dick-
inson and associates for use in IBM
automatic measuring and recording
machines installed in wind tunnels
during World War II. Subse-
quently, B. E. Tobin and associates
made certain improvements and
modifications that were used in the
present machine.

The digits from the punched card
are stored in stepping switches
from which a comparison is made
with the analog-digital converters
for their positioning. The electri-
cal output from the digital storage
and the converters represents the
ten digits, 0 to 9, by voltages at 5-
volt intervals from 5 to 50. During
the stage of setting the converter
to the number in digital storage, a
comparison unit interprets these
voltages, sensing first the highest-
order position, then the next lower
in succession, and directs the con-
verter motor to drive the converter
in the proper direction to bring the
two units into agreement.
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The analog-digital converter con-
sists of two parts. The digital part
operates similarly to a Veeder
counter, with four 10-position com-
mutators replacing the number
dials and driven by a universal
motor whose direction of rotation
is controllable. The analog part
consists of two synchros, coarse and
fine, geared to and driven in syn-
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chronism with the digital part and
electrically connected to two syn-
chros on the engine. When the con-
verter is made to agree with the
number in digital storage, a syn-
chro link indicates an error that is
used to drive the engine to agree
with the converter.

Analog-Digital Converters

Although four-digit numbers (to
tenths of a millimeter)} are used in
the initial vertical and horizontal
positioning of the engine, it is
necessary to punch cut a seven-
digit reading of the screw position
(to 0.2 « ). The additional three
digits are furnished from an auxil-
iary four-digit or micron converter
linked to a pair of synchros con-
nected to the lead serew and so
geared as to repeat for every revo-
lution of the secrew. The highest-
order position of the micron con-
verter corresponds tao the lowest-
order position of the horizontal con-
verter, but it is exact where the
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Horizontal position-transmitting synchros

other may be off by two-tenths of a
millimeter.

The necessity for a forced agree-
ment in the overlapping position is
shown in the following example.
Assume that the horizontal or milli-
meter converter is positioned at
247.9 mm and the micron converter
at 0.0015. The 9 and 0 are in the
same decimal position, but 0 is the
correct digit. It is not sufficient
merely to punch out the 0, sinee in
this case the 9 must be corrected to
read 0 to force a carry into the next
column and give the correct reading
of 248.0015. The correcting device
is so designed that, regardless of
whether the lowest-order position
of the millimeter counter is to be
increased or decreased, the change
is made in the shortest direction.

Optical System
The optical system of the measur-
ing engine is shown in Fig. 2. Be-
hind the plate is a carriage driven
by an auxiliary screw, which is of

wwweamericanradiohistorv.com

the same pitch as the lead screw
and rotates synchronously with it.
Upon this carriage are mounted
the light source, an Edison Point-
olite lamp and a lens system that
forms a real image of the incan-
descent sphere of the lamp upon the
photographic plate. A substanti-
ally uniform illumination of the
plate is thereby furnished in the
immediate vicinity of the image of
the star whose position is being
measured. Light from this area is
collected by the objective lens and
brought to a focus to form a real
image of the star, magnified about
20 times, on a rotating scanning
disk. On its way from the objec-
tive lens to the scanner, the light
passes through a thin-film beam
splitter, which diverts part of the
light to the external viewing screen
and through an image displacement
device.

The rotating scanning device
contains a thin disk through which
a semicircular hole is cut. The as-
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sembly rotates at 3,600 rpm about
an axis perpendicular to the plane
of the disk and passing through the
center of the diametral edge of the
hole. As the disk rotates under
the magnified image of the star,
the amount of light transmitted
through the shutter varies periodi-
cally with the fundamental fre-
quency of 60 cps, as shown in Fig.
3. Fourier analysis of this periodic
variation of light shows that the
amplitude and phase of the funda-
mental component are measures of
the radial and angular coordinates
of the center of gravity of the star
image with respect to the axis of
rotation and an arbitrary angular
reference axis.

To obtain an electrical signal
suitable for use as an error signal
in a servo follow-up system, the
light transmitted through the rotat-
ing scanner is picked up by a photo-
tube. If the light were to go di-
rectly through the scanner to the
phototube, the illuminated spot on
the cathode of the phototube would
move around as the scanner rotated,
and variations in sensitivity of dif-
ferent areas on the cathode would
give rise to a spurious signal super-
imposed on the desired error signal.
With a lens and diffusing plate in
front of the phototube, light is
imaged from a point just ahead of
the condenser lens on the diffuser
and a stationary spot of light is
obtained on the cathode. This mini-
mizes any signal due solely to the
action of the scanner itself.

Error Signal

The output of the phototube is
passed through filtering and limit-
ing units, which deliver to the
motors a 60-cps electrical signal, as
shown in Fig. 4 and 5. For small
amplitudes the amplitude of the
signal is proportional to the radial
distance of the shutter from the
axis of rotation to the center of
gravity of the star image. For
large amplitudes the amplitude of
the signal is constant and inde-
pendent of the radial error. The
phase is at all times proportional
to the angular coordinate of the
star image.

The error signal, after being
limited, is supplied as input to each
of two mixer amplifier channels
that terminate in hard-tube power
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amplifiers supplying power for the
horizontal and vertical drive motors
of the engine.

In the horizontal channel the
error signal is mixed with a voltage
derived from an induction tachom-
eter driven by the horizontal drive
motor. This tachometer is mounted
on a pivoted bearing in such a man-
ner that the rubber-tired friction
wheel on its shaft does not make
contact with the driving wheel on
the motor shaft. However, by
energizing the coil of an actuating
solenoid, the tachometer assembly
can be tilted so that the rubber
wheel on the tachometer shaft
comes in contact with the driving
wheel and thus causes the armature
of the tachometer to rotate. For
high-speed slewing of horizontal
carriage, the system operates with-
out tachometer feedback. During
final approach in positioning star
image, the system is stabilized by
the feedback from tachometer.

Drive Motors

The outputs of the horizontal and
vertical power amplifiers are each
applied to one winding of the re-
spective drive motors. These motors
are two-phase induction motors
whose second windings are excited
from independent phaseable sources
of 60-cycle voltage. The torque de-
veloped by such a motor is propor-
tional to the sine of the electrical
phase angle between the voltages
applied to the two excited windings.

Assume the error voltage to be
resolved into two components, one
in phase with the error voltage that
would be produced by a purely hori-

zontal error in image position and
the second in phase with the error
voltage that would be produced by
a purely vertical error in image
position. It is possible to phase
the exciting voltages applied
to the second windings of the
motors so that the horizontal motor
will ignore signals produced by a
vertical error in each position, but
will develop torque tending to drive
the lead screw in such direction as
to reduce the horizontal component
of error of image position. Con-
versely, the vertical correction
motor can be made to drive in such
direction as to reduce vertical
errors, but it will ignore horizontal
errors.

Since the vertical and horizontal
components of the driving signal
are 90 deg apart, the exciting volt-
ages for the drive motors must be
90 deg apart. However, to cor-
rect for amplifier phase shifts and
scanner synchronization, the ex-
citer voltages must be made ad-
justable in phase. The ecircuit for
the variable phase exciter is shown
in Fig. 6. Two legs of the three-
phase power lines are added to
each other by means of variable
inductors and 1-to-1 isolation
transformers. From L, a portion
of phase 1 is added in the isolation
transformer to all of phase 2, to
give phase 24. The same opera-
tion performed in the other half
of the circuit produces phase 1A,

Image Displacement Device

Originally it was planned to
center the star image on the axis
of the scanner by using the two
motions of the original measuring
engine, The effect of static fric-
tion in the vertical motien made it
impossible to position the vertical
carriage with sufficient accuracy,
however. Although no attempt is
made to measure accurately in the
vertical direction, proper function-
ing of the follow-up system re-
quires a precise setting in both
coordinates, because the same
amplifier channel carries both the
horizontal and the vertical error
signal.

The image displacement device
makes it possible to reduce the ver-
tical error signal to zero. A piece
of plane parallel glass mounted in
the optical path can be rotated about
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an axis parallel to the horizontal
ways by a correction motor, which
is powered by the signal formerly
directed to the vertical drive motor.
As this glass sheet rotates, it causes
the star image on the scanning
shutter to move slightly (%=40yu) in
the vertical direction and gives a
fine control of vertical image posi-
tion. The device is used solely to
achieve a null at the final balance
point; during the initial rough
positioning in response to the ap-
proximate coordinates read from
the card and in response to push-
button control, the drive motor
operates the original vertical mo-
tion of the engine.

The effect of static friction when
driving the heavy plate holder under
manual or pushbutton control was
minimized by attaching a mechan-
ical vibrator to the vertical carriage
and buzzing whenever a vertical
direction button is depressed.

Friction and Lubrication

Sliding friction between the ac-
curate ways and the horizontal car-
riage was increased when the simple
microscope was replaced by a unit
containing a periscope, motors,
damper, projection screen, cathode
follower and a photomultiplier tube.
To support the additional weight
of 20 pounds, a ball-bearing wheeled
carriage was mounted on a set of
ways aligned with the precision
wayvs and the two carriages coupled
by means of a system of lift rods,
self-aligning pivots and counter-
weights.

Lubrication of the measuring
engine is another serious problem.
Any lubricant will form a wedge
under the horizontal carriage when
the carriage has been driven an
appreciable distance. The wedge of
oil film tends to tilt the optical
system, thereby causing errors in
measurement. To distribute the oil
film in the vieinity of the final set-
ting point, the horizontal servo of
the engine is allowed to run un-
damped so that it hunts back and
forth (=%50u) for five oscillations.
On the fifth count the tachometer
is clutched in, signaling the final
approach to the star center. Figure
7 shows the simple circuit used to
generate counter impulses.

When signals of forward drive
phase are applied to the network,
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the total voltage across the term-
inals will be 230 volts, which pro-
vides sufficient current to pick up
the impulsing relay. A reverse drive
signal presents an in-phase input
to the circuit; no voltage appears
across the terminals and the relay
drops. Forward and reverse signals
continue until enough impulses are
delivered to the counter for it to
cause the operation of the tacho-
meter clutch.

Figure 8 shows the circuit used
to advance the sequence control
unit when a null point has been
reached. The output from a 60-cycle
pass filter is rectified and used to
bias a thyratron. When a null is
reached, no bias is obtained and the
thyratron picks up its plate relay.
The R-C network in the 2D21 plate
supply prevents firing of the tube
before bias is developed.

As in any system that uses a 60-
cycle carrier, residual hum pre-
sented a serious problem. To
minimize its effects, each chassis
was grounded to a common cabinet
point. As a further aid to hum
reduction, opposing signals, vari-
able in amplitude and phase, are in-
jected into the system at selected
points.

Discussion of Results

The first measurements by the
machine in its present form were
made on a plate whose star posi-
tions had been measured at Yale
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for the zone catalog. The 450 star
images on the plate were measured
automatically on each of three suc-
cessive days without a change of
position of the plate in the engine.
After the plate was rotated 180 deg,
it was measured on three succssive
days in the reversed position. Dif-
ferences in the raw measures of in-
dividual stars from the direct runs
(D, — D, and D; — D,) and from
the reverse runs (R, — R,) show
remarkable consistency. Allowing
for a change in zero point of one
micron or less from one day to the
next, the largest residual is8 1.5u
and there are only five as large as
1p.. The average difference from one
residual to the next is about 0.4y,
or the probable error of a setting
is 0.2u.

The automatic engine will meas-
ure in one working day as many
stars as a good observer can
measure visually in a week (the ob-
server can measure for only a few
hours a day). The weight of an
automatic measurement is about
four times that of a visual one.
Moreover, the precision of the
photoelectric setting itself is still
higher, the overall accuracy in the
present case being limited by the
engine rather than the setting.

In the entire process of produc-
ing a new star catalog, the only at-
tention given to the individual star
is the glance at the image on the
screen and the moving of it to the
edge of the scanner field. The auto-
matic process includes moving the
plate to the precomputed position,
measuring, recording, mathematical
reductions, statistical analysis and
publication. The astronomer plans
the program, takes the plates, ex-
amines questions that arise from
the statistical analysis and dis-
cusses interesting results exhibited
on the machine records.

The hand adjustment is made
because the aperture of the
scanner needed for high precision

is smaller than the error in the ap-

proximate coordinates. An auxiliary
device could be used for this adjust-
ment if desired.

The automatic cycle of measure-
ment and control described here is
applicable in any circumstances
where various control functions are
based on the results of measure-
ment and calculations.
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Color Demodulators for

By E.

EVELOPMENT is underway on
D several types of color-carrier
demodulation circuits based upon
tubes other than the widely used
6AS6. Diode, pentode and beam-de-
flection systems have recently been
described.*** This article covers de-
modulation circuits based upon hep-
todes, including a special split-
anode version, and dual triodes.

High-Level Demodulation

The 6 AS6 is restricted to use as a
low-level demodulator and is ex-
pensive by receiving-tube stand-
ards. Improvement in demodulation
circuit design can therefore be
realized either by reducing cost of
the demodulator tube or by in-
creasing its signal-handling capa-
city to permit high-level demodula-
tion.

For high-level demodulation to
offer any economic advantage, it
should allow elimination of the fol-
lowing stages of amplification and
permit direct drive of the cathode-
ray tube. Addition of the chromin-
ance and luminance signals in the
three guns of the tricolor crt is
implicit in direet drive schemes.**
While the potential simplifications
of such a system are apparent in
Fig. 1A, practical difficulties arising
from crt variations make it almost
impossible to realize. The circuit
shown in Fig. 1B is the basic circuit
environment of the color demodu-
lators to be described.

Heptode Demodulators

The suppressor-gated pentode is
suited to color demodulator service
because it has two grids for in-
jection of color carrier and refer-
ence carrier respectively. The 6AS6,
in particular, has sharp-cutoff
grids, high conversion gain, small
interelectrode capacitances and
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FIG. 3—Complete decoder circuit of receiver used in NTSC color tests. Type 6BA7

heptode demodulators are used

acceptable linearity. The 6BA7
provides characteristics similar to
those of the 6AS6 but at approxi-
mately one-quarter the cost.

A comparison of the relative
linearities, gains and output levels
of the 6BA7 and 6AJ8 heptodes
with the 6AS6 is furnished by Fig.
2A. The superior linearity and
symmetry of the 6BA7 is demon-
strated by the curves. The lower

conversion gain of the 6BA7 is not
a disadvantage since it is not of
sufficient magnitude to reduce
seriously the gain reserve of the
single color-carrier amplifier that
precedes it.

The interaction problem produced
both by capacitance and conduct-
ance coupling is of the same magni-
tude for the 6BA7, 6AS6 and split-
anode heptode. Figure 2B lists in-
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Television Receivers

Heptode and cascode-connected color demodulating circuits achieve economies over

circuits using suppressor-gated pentodes. Split-anode heptode provides single tube de-

modulation. Cascode-connected circuits use dual triodes and pentode-triode combinations
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GRID 3

GRID S SECA

SECABB T

! GATHODE
GRID 2
SECA BB

GRID I

(a) SECA&SB

GRID 4
SECABSB

GRID 3
SEC B

COLOR
CARRIER
INPUT

500 S

HEPTODE

120K 127){};F
. SPLIT-ANODE

38,200

25MH To7,uF

l = éﬁl 470 3
i
5 —j_ {]
e 1000 ek}
T)‘)*F A e
arTkg T -
REF ERENGE 3 I
10K “caRrRIER : K=X1,000
INPUT 240V 9
1.5MH 8-y
(8)

FIG. 4—Plan view of split-ancde heptode (A} and demodulator circuit employing it (B)
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NTSC Color TV Standards for Engineers, Dec. 1953.

COLOR TELEVISION RECEIVER ARTICLES
Compatible Color TV Receiver, Jan, 1953.

TV Color Detectors Use Pulsed Envelope Method, March 1954.

Beam-Deflection Tube Simplifies Color Decoders, May 1954.
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terelectrode capacitances.

Heptodes were originally de-
signed with a variable-pitch third
grid for ave applications. The re-
sulting remote cutoff presents a
slight disadvantage for demodula-
tor applications since it requires
a higher amplitude of reference
carrier to reach gain saturation.
The effect on gain of varying refer-
ence-carrier amplitude is illustrated
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in Fig. 2C for various types of
tubes. A complete color decoder cir-
cuit using type 6BA7 heptode de-
modulators is shown in Fig. 3.

Simplification of receiver circuits
results when two quadrature de-
modulators are combined in one
envelope. Figure 4A illustrates the
electrode arrangement for produe-
ing dual demodulation in a single
nine-pin miniature tube. This tube
has been constructed experimen-
tally by splitting the third grid and
anode of a conventional heptode
and providing them with separate
pin connections. Figure 4B illus-
trates a typical circuit employing
the split-anode heptode and a triode
G—Y matrixer.

Cascede Demodulators

The advantages of dual control
grid demodulators over simple
diode or triode demodulators in-
clude superior isolation of input
signals, immunity to reference
carrier amplitude variations or
higher conversion gain depending
on the form of the particular cir-
cuit. A circuit based on dual triode
multiplication® can be arranged to
provide the advantages of dual con-
trol grid operation. Such a circuit,
shown in Fig. 5A, has been called
a cascode demodulator.

As the curves of Fig. 5B show,
the cascode demodulator is charac-
terized by hich conversion gain
with excellent linearity.

Bv operating the two sections in
parallel across the B supply, suffi-
ciently high peak currents are ob-
tainable to provide true high-level
demodulation should it become prac-
tial. Series a-c operation provides
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the effect of current feedback with
its accompanying linearity.

The price paid for the increased
efficiency produced by dispensing
with the screen grid is higher
coupling capacitance between sig-
nal injection grids. If a low-imped-
ance drive is not available for the
color-carrier, or if neutralization is
not feasible, a pentode-triode com-
bination such as the 6U8 can be
utilized to minimize coupling of
reference carrier into the color-
carrier.

One of the advantages of the
cascode demodulator is its flexi-
bility. A wide range of characteris-
tics can be obtained through choice
and combinations of tube types. The
12AT7 dual triode has a sharp cut-
off that reduces the amplitude of
reference carrier required to reach
saturation.

In one special application,” it was
desired to time gate a demodulator
at the horizontal syne frequency
without having the gating pulse ap-
pear in the video load of the de-
modulator. This would be impos-
sible with a heptode, but with a
cascode demodulator a frequency-
selective intrastage coupling net-
work provided the required rejec-
tion without affecting the demodu-
lated output.

Measurements

Demodulator characteristics are
usually plotted from data collected
bv  point-by-point measurements.
Test equipment required includes
a phase splitter and switching ar-
rangement for obtaining the in-
phase and out-of-phase signals. The
technique used here provides a

visual display of output symmetry
at any given input, expedites gain
measurements and removes the need
for a phase splitter.

If the color-carrier grid is sup-
plied with a short duty cycle burst
of the test frequency, preferably
3.6 mc, and the reference-carrier
grid is supplied with a c-w signal of
the same frequency, then the burst
envelope can be recovered across a
suitable output load resistor.

The amplitude is a function of
the relative phase of the two input
signals, reaching opposite polarity
peaks at zero and 180 degrees.

It is necessary only to produce a
difference in frequency between the
two inputs so that the switching
takes place as the signals precess
at this frequency. The positive and
negative peaks can conveniently be
measured with an oscilloscope syn-
chronized at the burst repetition
frequency, which should be sub-
stantially higher than the difference
frequency. Symmetry of output
appears directly as positive and
negative peaks relative to the base
line. Gain is measured in the con-
ventional manner.
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Detail view of delay-line dummy load with outer tube removed showing stainless-steel wire wound on ceramic coil form

Delay-Line Dummy Load
Has High Power Rating

Stainless-steel helix wound on coaxial ceramic form functions as dummy load for rhombics

or for testing and tuning transmitters. Experimental model rated at 40 kw provides

600-ohm balanced input with swr less than 1.1 over range from 3 to 30 mec

FIG.! —Construction of delay-line dummy load showing stainless-steel helix

UMMY LOADS or artificial an-
tennas of high-power cap-
ability are needed, for example, as
accessories to rhombic antennas.
Rhombic antennas must be term-
inated at the front end in a balanced
nonreactive and frequency-inde-
pendent load of proper resistance to
give optimum performance. In
transmitting rhombics, the dissipa-
tion is often quite high, as in long-
range communication at frequen-
cies from about 3 to 30 mc where
transmitter power up to several
hundred kw is employed. Presently,
open-wire dissipation lines of stain-
less steel are used as such a load.
These dissipation lines have limita-
tions.
A dummy load of high power
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By H. BRUECKMANN

Signal Corps Engineering Laboratories
Fort Monmouth, N. J.

rating is also needed in transmitter
testing, particularly transmitters
for long-range communication. Re-
quirements are very similar to
those for rhombic terminations.
The delay line, Fig. 1, is superior as
a load of high power rating as com-
pared to other types of loads.

An inner metal tubing supports
a coaxial ceramic form of cylindri-
cal shape having on its outside a
thread of uniform pitch. Wire
made of a material of high re-
sistivity is wound on this form. An
outer metal tubing shields the en-

www.americanradiohistorv. com

tire helix. This tubing is in elec-
trical contact with the inner tube
through brackets at both ends. A
stream of air through the gap be-
tween the wire and the outer tubing
and through the inner tubing serves
for cooling. The wire ends are
brought out to' the side through
openings in the outer tubing
covered with an insulator.

This configuration differs from
others described in recent litera-
ture! in that it employs an inner
metal tubing in addition to an outer
tubing.? This inner tubing has
greater rigidity and better control
over electrical properties.

Basically, this device is a uniform
transmission line, inductance, ca-
pacitance and resistance being uni-
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FIG. 2—Operational values at 3 mc with upper two curves com-
puted for single turn ond lower two substituting helix

formly distributed rather than
lumped, and its electrical length is
not small compared to the wave-
length. More specifically, the de-
vice is a delay line because the
propagation velocity is greatly re-
duced compared to that of free
space due to the relatively large in-
ductance and capacitance per unit
length.

The impedance between one end
of the wire and the tubing is non-
reactive and frequency independent
if the other end is terminated in a
matching resistor. Most important,
the input impedance is practically
independent of wire resistance. If
the termination does not match the
characteristic impedance, or is a
short or open circuit, the input im-
pedance circles in the complex im-
pedance plane with increasing fre-
quency around an average im-
pedance equal to the characteristic
impedance of the line. The devia-
tions from the average decrease
with the increase in attenuation of
the line. If the attenuation is
greater than 13.3 db, the swr near
the input is smaller than 1.1 and
the deviations of the input im-
pedance from the averace are
smaller than =10 percent, regard-
less of the termination. Tt is, there-
fore. a matter of providing enough
attenuation to keep the fluctuations

168

of the input impedance below any
specified value.

Wire Size

High  breakdown-voltage and
large cooling surface are essential
in achieving high power-handling
capability. This indicates the use
of wire sizes greater than a certain
minimum diameter, depending upon
the power to be handled. On the
other hand, the r-f resistance per
unit length should be relatively high
in order to keep the line as short
as possible.

The material which has the high-
est r-f resistance for a given wire
size, consistent with high oxida-
tion-resistance, is stainless steel.
Stainless steel not only has fairly
high resistivity, about 33 times
that of copper, but also has rela-
tively high permeability. Recently
tests of No. 410 stainless steel
yielded an initial relative permea-
bility of about 50. In the frequency
region where skin effect is pre-
dominant the resistance is propor-
tional to the geometric mean of re-
sistivity and permeability. Accord-
ingly, stainless steel wire has a
resistance 39 times that of copper
wire.

The high oxidation-resistance of
stainless steel permits continuous
operation at temperatures of 1.000

FIG. 3—Operational values of experimental dummy load taken at «
trequency of 27 mc show practical frequency limit

deg F. and more, making cooling by
air suflicient. The relatively high
temperature coefficient of the re-
sistivity is not detrimental in this
particular application because the
wire resistance does not affect the
input impedance of a terminated
line. The same is true for the
change of permeability with field
strength, which is not small. Stain-
less steel, although a poor material
for ordinary resistors, is an excel-
lent material for use in this delay
line.

Assuming the delay line is termi-
nated at one end in a matching re-
sistor and r-f power is fed into the
other end, the transmitted power
then decreases exponentially with
line length. The power dissipated
per unit length also decreases ex-
ponentially with the distance from
the input, if all the dimensions of
the line remain constant. This
means that the dissipation capabil-
ities of the line are not fully utilized
over its entire length.

Fortunately, the ends of two
stainless steel wires of different
sizes can be butt-welded easily, and
the characteristic impedance is af-
fected little by a change in wire
diameter if all the other dimensions
including the pitch are kept the
same. Better utilization of the dis-
sipation capability can be made by
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tapering the wire from large to
small sizes towards the output.

The helix winding starts with No.
6 AWG wire. After about 20 inches
of axial length the wire size is
changed to No. 8 which is main-
tained for about 15 inches.

Wire size is again reduced to No.
10 and maintained for the rest of the
length of this unit. Total length is
5 feet. The characteristic imped-
ance of this model is 300 ohms, and
propagation velocity is 2.7 percent
of the velocity in free space.

Considering the operating tem-
perature of the wire, it is important
to keep the dissipation per unit
length below the value correspond-
ing to the permissible temperature.
The unit dissipation and trans-
mitted power of the experimental
model are presented in Fig. 2. At
each joint of different wire sizes
the unit dissipation rises an in-
creasing amount and falls off in
between. Overall, it maintains a
fairly constant level, except near
the output end, where the wire size
is kept constant.

Wire sizes smaller than No. 14
were considered undesirable from
the mechanical point of view. It
was for this reason that the pitch
of the helix was increased from 4
turns per inch to 8 turns per inch
in going from section IITI to section
II. This permitted the use of larger
wire in section II although higher
attenuation per unit length is re-
quired than in section II1. The di-
ameters of the helix and the tubing
had to be changed simultaneously
to obtain the same characteristic
impedance as in IIT.

Section T is identical with II,
except for the wire size. Propaga-
tion velocity of section I and IT is
only 1.4 percent of the velocity in
free space.

One difficulty in the design of this
dummy load arises from the fact
that wire resistance is proportional
to the square root of the frequency.
The effect of a change in frequency
is shown in Fig. 3. The change of
attenuation with frequency puts
practical limits to the frequency
range that can be covered with one
particular delay line. It is possible
to reduce this effect by coating the
wire with a metal of Ilower
resistivity.

The design of any dummy load
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for high power would not be com-
plete without considering the field
strength in the dielectric in view of
possible voltage breakdown. In this
unit the field strength does not
come near the breakdown field
strength of air, although it is rela-
tively high at certain points.

Figure 4 shows a graph of the
measured input impedance as a
function of frequency. The values
indicated by a dotted line were
measured first, indicating the exist-
ence of a lumped capacitance at
both ends. Such a lumped capaci-
tance can be explained by a decrease
in unit inductance and an increase
in unit capacitance near the ends
of the helix. It was possible to
compensate for this end effect by
cutting slots in the inner tubing
near the terminals and connecting
small solenoid coils in series with
the line at both ends.

Values measured after these
changes were made are shown by
solid line. The variation of the
input resistance with frequency is
within =10 percent and input re-

350 T l
l A

S 3C0|— ™ A

) o l v

o RESISTANCE s

=z 250———t— — +00 T
o

L) z

g 2co +50 =

g )

B g

& 'S0 A 0o g

& N7, |7 REACTANCE Q

= 100 |t -50 @

2 S =

2 s50—1— — -1002
z

0
3 6 10 14 18 22 26 30
FREQUENCY IN MC

FIG. 4—Curves plotted with and with-
out equalizing coils, terminated into a
307-ohm resistor

—

é?O,— —

E 60| = = ===
a.

z 0 T FREQUENCY: 1575MC |
Z a0 | INPUT POWER- 200 W

3 INPUT IMPEDANCE - 300 OHMS
£ 30| £ TERMINATION. 300 OHMS
3 | | " COOLING: NATURAL
= 20 =T DRAFT

& ° aTTenuation corp: 10sop O
£'% 10 20 30 40 50 60

(A)

CHANGE IN INPUT IMPEDANCE
IN PERCENT

-l
%0 20 30 40 50 60
ELAPSED TIME IN MINUTES
(B)
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actance is smaller than =10 percent
of the average resistance. Resist-
ance seems to decrease with in-
creasing frequency. This effect is
due to points of phase reversal of
the current along the line approach-
ing each other with increasing fre-
quency, resulting in a decrease of
the average unit inductance®.

The graph in Fig. 5 A shows at-
tenuation plotted against elapsed
time after a certain constant power
is applied. The attenuation is
normalized on the attenuation in
the cold state, that is, measured
with very low power and at room
temperature.

The curve starts with an attenu-
ation 23 percent higher than in the
cold state. This can be interpreted
as caused by an increase in perme-
ability of the stainless steel wire
with current and, as a result, an in-
crease in resistance of the wire
with current. The increase of at-
tenuation with time is due to the in-
crease of resistance with tempera-
ture. Both effects have the desir-
able result of limiting the power
dissipated in the terminating re-
sistor, or permitting the omission
of this resistor.

The graph of Fig. 5 B shows the
effect of temperature on the input
impedance referred to cold state.
At the end of the test it had
reached 1,000 deg F. Meas-
urements with the complete dummy
load showed changes smaller than
5 percent. The reason for this
is that most of the dielectric in
the line, particularly in section III,
is air, the dielectric constant of
which changes very little with
temperature.

This dummy load combines the
merit of a dissipation line, in that
its input impedance is not affected
by changes in input power or tem-
perature, with the compactness of
a lumped resistor.

Thanks are due R. E. Lacy and
H. F. Mever of the Signal Corps
Engineering Laboratories, for their
valuable assistance as well as T.
Torretti, D. Lieberman and other
personnel of these laboratories.
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Improved Demodulator
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FIG. 2—Simplified schematic of demodu-
lator using Eccles-Jordan trigger circuit

SIMPLE DEMODULATOR such as
Aa rectangular wave generator
and R-C integrator combination
which provides a d-c voltage pro-
portional to range can produce
either large instantaneous or aver-
age errors in range determination
if loss of echo occurs. Among other
things loss of echo can be caused
by temperature stratification, in-
homogeneous transmission medium,
foreign bodies in the transmission
path, secondary absorbers and re-
flectors.

Demodulator

To realize the simplicity and ad-
vantages of a square-wave integra-
tion type demodulator, and also
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minimize errors due to loss of echo,
the delta demodulator has been
developed.

Delta demodulation indicates that
each time an echo is absent a given
known increment of range will be
added to the range indication of the
previous repetition frame.

If a true echo is received the de-
modulator action Is nonexistent.
However, if an echo is subsequently
lost the demodulator will sense this
loss and cause the square-wave
pulse generator, consisting of an
Eccles-Jordan trigger circuit, to
generate a square wave of width
equal to the width of the preceding
square wave plus the incremental
increase, delta. The time interval,
delta, should be as small as possi-
ble to introduce the minimum
amount of error in any frame. The
lower limit on delta is set by the
rate at which the target position
is varying. Delta cannot be made
less than the maximum change in
echo transit time corresponding to
the maximum change in range of
the target during one repetition
frame.

Assume that the transmission
velocity in the medium is v ft/sec
and the maximum rate of change
of target range during the interval
t sec is r ft/sec, where ¢ is the repe-
tition interval. The minimum
value for delta is then ¢r/v sec.

Percentage-wise this error will
be a maximum at the shortest range
of interest, but this is not as seri-
ous as it might initially appear. For
example, assume that every fifth
echo is absent. Range is essentially
constant and at its minimum value
over the interval of interest, and
delta is made equal to 10 percent of
the pulse width corresponding to

minimum range. If the square wave
is integrated to produce an average
range value the average error due
to the loss of echo sequence is only
2 percent. Without the demodula-
tor and under the same conditions
the error would be 20 percent.

In practice it is possible to estab-
lish the value of delta at approxi-
mately +=2 percent thereby obtain-
ing a still greater improvement in
accuracy. Secondly, and most im-
portant, the probability of echo loss
at short ranges is negligible. Only
when the target is located at a great
range do such factors as scattering,
absorption and secondary reflec-
tions introduce a sizeable amount of
echo loss.

Demodulator Operation

Figure 1 shows the waveforms
present during a cycle of the de-
modulator circuit shown in Fig. 2.
At time ¢, the same trigger that
initiates the transmitted pulse, is
fed to the grid of V.. This posi-
tive pulse causes the V,, to conduct
and a negative step appears at its
plate. This step is passed through
C, and shorted to ground by D,
having no effect on V.. At time £,
the detected positive echo is fed
into V,;, the tube changes state
producing a positive step. This step
passes through C,, is differentiated
by C, and R, and applied to the grid
of V,. This action changes the
state of V., where it remains for a
free period determined by the dis-
charge characteristics of C, and R..

At t,, the end of this free period,
the tube returns to its normal state
with a positive step at the plate of
V... Meanwhile, at ¢t., another
pulse has gone out, and V, has
changed state with a negative step.
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for Radar Ranging

Range errors due to echo loss caused by scattering, absorption and secondary reflections

are reduced by pulse demodulator incorporating square-wave generator to fill in lost pulses.

Error in correction can be held to less than two percent

This step is again prevented by D,
from reaching V, The echo from
this second pulse, at ¢, would
change the state of V, back.

If the echo were lost, at t,, V, re-
turns to its normal waiting state
with a positive step on the plate of
V.. This step is differentiated
through network N., and applied to
the grid of V., returning V, to its
normal state, indicating a depth
delta greater than the depth shown
by the previous frame.

At ¢, the positive step from V,
is also applied through C, to the
differentiating network C; R; and
thence to the grid of V. changing
the state of V.. This tube remains
changed for a free period deter-
mined by the discharge character-
istics of Cy R, . This period is set
equal to the free period of V. At
t.,, the end of this free period, V,
returns to its normal state produc-
ing a positive step. This step is
differentiated through N, and ap-
plied to V,;. If an echo has been
received, the grid of V,, will already
have been driven positive and the
positive pulse at ¢, will have no
effect. If, however, no echo has
been received V, will be returned to
its normal state again indicating a
depth delta greater than the depth
shown by the previous frame.

This action of V, and V, alter-
nately supplying simulated echoes
will continue as long as no true
echoes are received. The purpose
of the two networks N, and N, is to
prevent the positive step at ¢, ¢,/¢,
to/t:, from driving V, or V, positive
at the same time this step on the
grids of V, or V, is trying to drive
the plates negative. These net-
works also prevent negative steps
from V. or V, from driving the grid
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of V. negative again at t,, t;, in the
event a true echo has already driven
the grid positive. If true echoes
are not received the error delta is
cumulative. The indicated range is
the last true range plus n X delta,
where 7 is the number of echoes
lost.

Simplifying Assumptions

Because it is impossible to pre-
dict all the loss of echo sequences
and target position variations that
can occur, it is difficult to analyze
the demodulator behavior under all
situations. However, if certain
simplifying assumptions are made
it is possible to derive relationships
useful in determining the best cir-
cuit operating criteria.

If repetition rate is fast or target
position changes slowly, the range
can be considered essentially con-
stant and the following generalized
statements are possible:

With constant range no matter
how many consecutive echoes are
lost, up to the limit defined under
Eq. 1 following, upon the receipt
of either one or two successive
echo pulses the system will re-
establish its in-step operation. Only
one echo need be received to pull in
step if an odd number of successive
echoes have been lost, whereas two
successive echoes are required to
pull the system in step if an even
number of consecutive echoes have
been lost.

If the range is constant then no
matter how many consecutive
echoes are lost, up to the limit de-
fined under Eq. 1, the system will
always reestablish its in-step opera-
tion if a like number of successive
echoes are received.

If loss of echo sequence is not

successive the following relation-
ships hold:

If an even number of echoes are
initially lost and only one echo re-
ceived, followed by another sequence
of echo loss, sum the total number
of echoes lost and subtract the num-
ber of echoes received. If this num-
ber x is odd then the subsequent
receipt of one echo will establish
the in-step operation. If the num-
ber x is even then the subsequent
receipt of two consecutive echoes
will establish the in-step operation.

If an odd number of echoes are
lost in any sequence followed by the
receipt of one echo in-step opera-
tion is reestablished.

If range is constant, the maxi-
mum number of successive echoes
which may be lost before malfune-
tion occurs is stated by the follow-
ing limit

(T — t)[l - A((Y‘-V_J'{?)] S0 (1)
Where:

T = repetition period

t = pulse width corresponding
to the fixed range
A = ineremental time due to
demodulator
N = number of successive echoes
lost
M = f(N), tabulated below
M =0 N =201
M =2 N =2 3
M =14 N =4,5

If A bears a relative prime rela-
tionship to the quantity (T — ),
the system will automatically re-
establish it’s in-step operation even
if the limit defined by Eq. 1 is ex-
ceeded. This reestablishment will
take place after a time correspond-
ing to the total time during which
the loss of echo occurred.
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Noncontacting Gage

I'requency-modulation system for point-by-point study of vibrating transducer surfaces.
Used in air or liquid medium, the capacitance-coupled probe is capable of responding to
displacements of one microinch at vibration rates up to 500 ke

HYSICAL characteristics of a
vibrating transducer can be
measured by incorporating the
transducer face into an oscillator
design so that dynamic displace-
ments of the transducer are
translated into a corresponding fre-
quency deviation. The frequency-
modulation system described in this
article translates these deviations
into an amplitude-varying signal
that is more easily examined.
The equipment is capable of re-
sponding to one-microinch displace-
ment using a 1/16-inch diameter

FIG. 2—Equivalent circuit of crystal-
controlled oscillator tank circuit
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probe. The discriminator is capable
of detecting a 100-cycle deviation
from center frequency at a modula-
tion rate as high as 500 ke, and
provides an output signal capable
of being measured with an oscillo-
scope. This last requirement facili-
tates relative phase measurements
of transducer vibrations.

A block diagram of the system is
shown in Fig. 1. The probe, a metal
rod capacitively coupled to the
transducer under examination, is
in parallel with the oscillator tank
tuning capacitance. The f-m oscil-
lator consists of a stable variable-
frequency Clapp-type oscillator
whose output is coupled to a mixer
stage where the frequency spectrum
is translated to an intermediate fre-
quency for amplification and detec-
tion. The difference frequency from
the mixer is then coupled through
an i-f amplifier to the limiter-dis-
criminator stage.

Operation of the probe and trans-
ducer in a viscous fluid wil] increase
sensitivity of the equipment since
the dielectric constant, K, of most
fluids is greater than that of air.
For a given transducer deflection,
the absolute frequency deviation of
the displacement meter will be K
times that in air.

The absolute displacement can be
found from the relation f = 1/2 =
(LCy)* where C; is tuning capac-
itance plus probe capacitance. The
capacitance of the probe is K¢,A/D,
where A is area of plate and D the
distance between plates. Differen-
tiating f and C ... implicitly the
relation dD = 2D* C, df/f, KA ¢, is
obtained.

Since df, D, C;, and f, can be
measured within a few percent, sub-
stitution in these relations will give
absolute displacement reading.

Probe

Sensitivity of this equipment can
also be enhanced by increasing the
effective area of the probe. How-
ever, the probe’s ability to respond
to transducer vibrations in any one
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segment will be reduced. Some com-
promise between sensitivity and
area response must be made. A
maximum probe diameter of 1/16
inch was finally decided on. A
smaller diameter probe could be
used if the vibration amplitude of
the transducer were sufficient to
produce reliable detection in the
discriminator.

A {s-inch probe has an effective
area of 0.003 sq in. With a spacing
of 0.003 inch between probe and
transducer face, the effective probe
capacitance in air is 0.229 vuf. This
is approximately 3 percent of the
total tank tuning cap:citance.

For a peak deviation of one
microinch over the entire surface
under investigation the change in
tuning capacitance is dC = 0.765 <
10 uuf.  Assuming a center fre-
quency of 25 me and substituting in
the relation df = f dC/2C, where
C is assumed to be 8 uuf, then df =
119 cvcles.

The center frequency of the oscil-
lator should be high with respect
to the highest modulation frequency
to realize a high-Q oscillator tank
circuit. A ratio of 50-to-1 between
the center frequency of the oscil-
lator and the maximum modulation
frequency has been found to be
sufficient.

Oscillator Circuit

As the electrical stability of the
oscillator is largely dependent on
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Probe and f-m oscillator are mounted abcve transducer under examination. Trans-
ducer mounting permits accurate placement of transducer under probe
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the effective Q of the tank circuits,
the L-C ratio should be as low as
possible. To secure a maximum fre-
quency deviation, however, C should
be as small as possible. A maxi-
mum tank tuning capacitance of
4 to 8 wuf was used as a compromise
between a very sensitive discrimi-
nator and an excessively unstable
oscillator.

Consider the simplified equivalent
electrical network of a vibrating
quartz-crystal oscillator tank cir-
cuit shown in Fig. 2. The important
feature of this circuit is that the
ratio of C/C, is always minute so
that the coupling between the
crystal resonator and the external
circuit is quite small.

The Clapp oscillator® circuit pro-
vides the isolation necessary for
high stability. The probe used for
measuring surface displacements is
in parallel with the oscillator tuning
circuit. The upper side of the trans-
ducer under examination is ground-
ed to form the other capacitor plate.

Stray capacitance is negligible in
comparison to the relatively intense
field existing between the probe and
transducer. No efforts were made
to shield the probe either mechan-
ically or electrically.

In the complete circuit, shown in
Fig. 3, the output of the f-m
oscillator is heterodyned to 10.7
mc by a mixer stage and beat-
frequency oscillator. The differ-

Probe and oscillator coil
Strap on surface of transducer grounds
upper face

assembly.

174

ence output is coupled to a two-
stage stagger-tuned i-f amplifier.
Since frequency deviations are quite
small, the f-m signal can be treated
as an equivalent a-m signal. Thus,
the maximum bandwidth of the i-f
amplifier should be at least one me.
The stagger-tuned arrangement of
broadband amplifiers provides the
required bandwidth with a gain
sufficient to provide 3-volts output
for a one-volt oscillator signal cou-
pled with a 0.1-volt beat-frequency
oscillator signal.

Discriminator

A 6BN6 gated-beam tube is used
as a disecriminator capable of detect-
ing high modulation rates. There
are neither R-C time-constant net-
works to distort the input or output
wave nor tuned circuits, barring the
quadrature grid circuits, to adjust.

Due to the step-function control
action of the limiter and quadrature
grids, each grid can independently
control the total plate current. The
quadrature grid is so arranged that
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FIG. 4—Plot of amplitude against fre-
quency for displacement meter used as
a static measuring instrument

a resonant parallel tank circuit con-
nected to this grid will develop an
alternating voltage that lags the
limiter-grid voltage by 90 deg. The
Q of this quadrature tank must be
reasonably high. If the frequency
of the input voltage should deviate
instantaneously from center fre-
quency, the phase relationship of
the limiter and quadrature grids
are such that the average plate cur-
rent will vary in direct relation to
the phase difference.

Limiter grid input is 3.0 volts;
E..., 110 volts; and E.,, 300 volts.
Frequency-modulation deviation is
20 ke and amplitude-modulation 30

percent. Amplitude-modulation sup-
bression factor is 28 db and output
is 0.12 volt per ke. The system pro-
vides a linear output for a fre-
quency-deviation range from 1 to
20 kec. Modulation rates of 300 ke
have been reproduced faithfully and
there are indications that the equip-
ment will respond at 500 kc.

Test Results

With a power amplifier used as
the transducer driving source, sig-
nals were observed at the resonant
frequencies of 30, 57, 167 and in a
region of 200 to 300 ke. At 167 ke,
the magnitude of displacement L
was calculated to be about 4 micro-
inches. Signal level was about 20 db
above noise level. The transducer
was a 3% in. thick, 2% in. diameter
digk of barium titanate.

A trial measurement in distilled
water provided a reproducible out-
put signal using an earphone ag the
transducer. Stray modulation of
the transducer probe was excessive,
however. Careful shielding of com-
ponents should eliminate this effect.

All readings were secured by de-
creasing the spacing between the
probe and the transducer face until
a sizeable output voltage was ob-
tained. A signal generator was set
to zero beat with the center fre-
quency of the oscillator. To obtain
a relative measurement from one
section of the transducer face to
another, the transducer was dis-
placed horizontally and probe spac-
ing rechecked by securing a zero
beat in the signal generator. In
this manner f, and D were held con-
stant within the factor of stability
of the oscillator.

This instrument will also operate
satisfactorily as a static measure-
ment device. The graph in Fig. 4
was taken by varying C, to simulate
a variation in spacing between the
probe and transducer being meas-
ured. The d-c¢ voltage was measured
by a vacuum-tube voltmeter con-
nected across the 56-K grid resistor
in the oscillator circuit. The curve
approaches that of a parabola,
making it possible to calibrate
a meter directly in displacement
versus output voltage.
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Transistor Flip-Flop

Uses Two Frequencies

Bistable circuit operation is provided by a transistor oscillator with two stable output

frequencies. Successive input pulses cause osciilator to shift between frequencies. Scheme

avoids undesirable heating effects of current cutoff circuits

RANSISTOR OSCILLATORS capable
Tof stable operation at either
of two frequencies represent a new
type of binary computer element.

The two circuits to be described
differ from the Eccles-Jordan bi-
stable circuit in that selection be-
tween states is according to fre-
quency difference rather than dif-
ference in d-c level. Because opera-
tion is at a more nearly constant
energy level, many undesirable
transient heating effects of current
on-off transistor circuits are
avoided.

Application of successive trigger
pulses will alternately change the
oscillator frequency from one stable
value to the other. Pulses suitable
for driving similar units may be
derived by passing the oscillator
output through a frequency dis-
criminator and differentiating net-
work. Alternatively, the oscillator
may be adjusted to give highly un-
equal amplitudes in the two states.
The amplitude difference may then
be detected and converted into a
suitable driving pulse for a follow-
ing unit.

Description

Two transistor bistable oscilla-
tors exhibiting high performance
characteristics are shown in Fig. 1.
In each case the primary require-
ment of the oscillator is that it
possess two stable operating fre-
quencies. This may be achieved by
employing as the resonant circuit
any of the four coupled oscillatory
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By R. L. BROCK

Boeing Aircraft Co.
Seattle, Wash.

circuits shown in Fig. 2.

In the oscillator of Fig. 1A, two
stable frequencies, 425 and 500 kc,
are possible because of the coupled
action between the resonant circuit
comprising L, and C. and that repre-
sented by L., C,, C. and C,. This con-
figuration was derived from the cir-

cuit in Fig. 2D according to an in-
verse transformation associated
with transistor-electron triode dual-
ity. The transistor, a GE type G11,
secures its d-c current bias by R,
and L,. The d-c power source is of
the constant-current type and gen-
erates approximately 1.8 ma at col-
lector voltages less than 10. Trigger-
ing is by positive pulses derived
from a low-impedance source and
applied through the crystal diode
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FIG. 1—Two forms of the transistor bistable oscillator. Circuit B utilizes negative

resistance transistor
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FIG. 2—Several coupled oscillatory circuits suitable for use in bistable oscillators

and capacitor to the emitter. The
output may be taken from the
collector. The transistor should
have low internal base resistance
and be capable of operating at low
collector voltages.

Operation

Successful operation has been ob-
tained with this circuit for pulse in-
put rates from zero to 5 ke, the high-
est attempted. Unreliability was not
encountered at slow pulse rates
such as one every 20 minutes as is
often the case in a conventional
transistor on-off bistable circuit.
This particular circuit was adjusted
to given a 2-to-1 ratio between r-f
voltage amplitudes for the two
states. Tolerances of =5 percent
appear to be satisfactory for all
components and voltages.

The oscillator shown in Fig. 1B
is simpler in form although some-
what more critiecal in operation
than the one in Fig. 1A. Here two-
frequency operation is attained
through a parallel resonant cirecuit
mutually coupled to a similar
secondary, as indicated in Fig. 2C.
Reliable triggering from one stable
frequency to the other may be
achieved by applving successive
pulses of negative polarity to the
emitter circuit. The output may be
taken across the 22,000-ohm resistor.

Since external feedback is not
employed, this circuit depends on
transistors having large internal
base resistances. Operation has
been achieved with several RCA
type TA 161B transistors and only
minor circuit adjustments. The
stable operating frequencies for
the circuit constants chosen are
approximately 500 and 550 ke. The
operation is reliable for pulse input
frequencies from zero to 250 pps.
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No attempt has been made to ex-
tend the pulse frequency range.

For either of the two circuits in
Fig. 1 the oscillator is an electri-
cally coupled circuit externally
driven in a sinusoidal manner. The
transistor is the driving source and
Is capable of driving at either of
the two stable frequencies of
resonance. The transistor is re-
stricted to supplying voltage of
limited amplitude and it is this
feature that makes it possible to
produce the desired shift in fre-
quency with the pulsing networks.

Assume the oscillator is operating
at one of the two stable frequen-
cies. Application of the triggering
pulse on the emitter temporarily
overrides the finite amplitude of
the transistor voltage and allows
the coupled circuit to go into free
oscillation. During this time both
stable frequencies coexist and there
is a rapid exchange of energy be-
tween the coupled circuits. 1f the
time duration of the trigger pulse
is of such length that the desired
frequency predominates when the
transistor regains control of the
coupled circuit, the frequency
change will have been accomplished
as desired. Sueccessive trigger
pulses then will alternately shift
the oscillator frequency from one
stable value to the other.

Design Considerations

The design of a bistable oscilla-
tor entails designing an L-C circuit
having two frequencies of reson-
ance and combining this ecircuit
with other components to form an
oscillator. The circuit of Fig. 1A
was designed for an electron
triode then transformed to a tran-
sistor-circuit according to the dual-
ity relation between electron triodes

and transistors. The circuit of Fig.
1B was designed directlvy for use
with transistors,

Figure 3 shows the configuration
of the electron-tube oscillator that
is transformed according to the
duality relations into the circuit of
Fig. 1A. The tuned circuits, com-
prising L, and C; and L,, L, and C,
are each designed to resonate
separately at the same frequency.
That two distinet frequencies of
resonance are present when the
two circuits are directly coupled
may be shown analytically by an
investigation of the impedance of
each circuit. Significantly the re-
sulting requirements for existence
of two distinet frequencies of
resonance are

prz > wo? L (Ll + Ly (1)
{72 (Lo + L)/ R 2 — (L La(42L)] +
(D = 2/f0) f+1=0 @

where R, is the effective parallel
resistance in ohms of the I, L. C.
circuit; ©, = 2zf.,, the angular
frequency of resonance in radians
per second of either tuned circuit
alone; and L., L. and L. are induc-
tances in henrys.

Specific numerical caleulations
are best facilitated by trial and
error. Reasonable values of L., L.
and L; are chosen. Then, for a par-
ticular frequency f, a minimum

FIG. 3—Basic electron-fube bistable os-
cillator
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value for R, is determined from Eq.
1 and the two resonant frequencies
f. and f. determined as roots of
Eq. 2. Knowing f, and the values of
inductances for each circuit it is
possible to determine values for C.
and C, such that each circuit is in-
dependently resonant to the same
frequency f..

Having determined the particu-
lar requirements for the tuned cir-
cuits, the design of the oscillator
in Fig. 3 may be completed in the
conventional manner. The result-
ing circuit is then transformed in-
to the transistor bistable oscillator
of Fig. 1A.

In designing the circuit of Fig.
1B the inductively coupled L-C cir-
cuits are considered first. The
analysis leading to conditions un-
der which these coupled circuits
exhibit two frequencies of reson-
ance is complex since it is neces-
sary to solve the differential equa-

Anulytical study of these circuits
under conditions of free oscillation
places an upper limit on the value
of = Since the resulting equations
are complex, the value of * must be
considerably less than unity if the
two resonant frequencies are to be
reasonably close to each other.

For actual design of the coupled
circuit, a suitable operating fre-
quency is chosen. Both the primary
and secondary must then be
separately resonant at the fre-
quency w,. Inductance L, is chosen
such that its Q will satisfy Eq. 4
for a value of coupling coeflicient =
that is reasonably achieved and not
400 near unity. The remaining con-
stants of the coupled circuits are
chosen such that resonance occurs
for each circuit alone at frequency
w.. The values of the two stable fre-
quencies may be predicted by the
results of the analysis for the case
of free oscillations or may be de-
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FIG. 4—Bistable oscillator using CK-5703 electron triode

tions describing ecircuit operation
both for no external driving source
and for an external sinusoidal driv-
ing emf such as operation with a
transistor. It is found from the
study of forced oscillations that
the coefficient of coupling ~ between
L. and L., where

7 = M/(IaLy)* 3)
must lie between certain fixed limits
if two resonant frequencies are to
exist. Specifically the treatment of
forced oscillations vields the re-
quirement that

7 > (Ry/ wil) 4)

where R. is the effective resistance
of the secondary circuit and w, =
2nf, is the angular frequency of
resonance in radians per second of
either tuned circuit alone.
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termined experimentally. Adjust-
ment of the coupling may then be
required to obtain the desired op-
erating characteristics.

The coupled circuit when com-
bined with a suitable transistor cir-
cuit results in the oscillator of Fig.
1B. A negative-resistance transistor
can be utilized as an oscillator by
introducing a parallel L-C circuit
in the base lead since the base-cir-
cuit regeneration inherent in nega-
tive-resistance transistors can over-
come the losses of the tuned
circuit.

Exact design of such a circuit
would entail a study of the nega-
tive-resistance base characteristics.
Such a study would determine the
magnitude of the regenerative
effect and the d-c bias conditions

under which it is present. How-
ever, it is generally sufficient to em-~
ploy a high-Q tank circuit and ad-
just the bias conditions until the
desired operation is achieved. Care-
ful design will be justified when

500,000

FIG. 5—Counte: coupling network

transistor characteristics become
more uniform between units.

Both R. and R. tend to reduce
the regenerative action and hence
the amplitude of oscillation, but
they also serve as current limiting
or protective components. The
effect on regeneration of adding E.
is much more pronounced than for
adding R.. Resistance E. serves as
a load across which an output can
be taken while R, acts as a resist-
ance across which the trigger pulse
may be applied.

Bistable oscillators need not be
restricted to the use of transistors
as active elements. Electron triodes
will serve just as well. The circuit
of Fig. 4 represents one form of
bistable oscillator using a CK-5703
triode. Two such circuits each driv-
ing a coupling network of the type
shown in Fig. 5, have, when
operated in tandem, performed re-
liably as a two-stage binary counter
giving one pulse out for every four
pulses impressed on the first input.

The author thanks J. E. Maynard
of the physical research unit for
sucgesting this application of
double-resonant coupled circuits
and for his helpful suggestions dur-
ing the investigation; also T. Ross
for his assistance in the experi-
mental work.
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Electronic Shake Table

Highly discontinuous motions having step. ram ), square or triancular wave shapes for
iy ’ 2 I

testing accelerometers are produced by using three feedback paths from shake table to

amplifier which drives moving coil. Inputs include mask-type photoelectric generator

ENERATION of precise mechan-
G ical motions is required in test-
ing for microphonics in electron
tubes, exciting vibrational modes
in propellers or turbine blades, test-
ing air-frames and in dynamic
calibration of seismometers, ac-
celerometers and pickups.

Testing these instruments with
sinusoidal motions is not too diffi-
cult. In studying the response of ac-
celerometers and seismometers,
however it is desirable also to have
arbitrary transient or discontinu-
ous motions of such wave shapes as
steps, ramps and repetitive square
and triangular waves.

A transducer system which re-
produces discontinuous motions
with acceptable fidelity is shown in
Fig. 1. The main electromechanical
transducer executes the desired
vertical motions. The acecelerom-
eters on test are clamped to its
moving platform. A power amplifier
energizes the force coil with vary-
ing currents in the image of the de-
sired waveforms. This actuates the
main transducer platform. A low-
frequency electronic oscillator sup-
plies cissoidal oscillations; a simple
type of wave shaper provides
square and triangular waves from
the oscillator output.

An arbitrary wave generator of
the photoelectric type utilizes a
mask cut to the desired mathemati-
cal function. The mask intercepts a
light beam focused on a phototube
to produce electromotive forces of
the desired waveform. These are
used to drive the power amplifier.

Three feedback circuits are in-
corporated, one producing a volt-
age proportional to the moving
platform displacement, the second
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to its velocity and the third to its
acceleration.

A dual-beam cathode-ray oscillo-
scope provides a display of the plat-
form motions and the electric out-
put of the accelerometer or other
device on test.

System Equations

The physical operation of the
feedback system in the transducer
is portrayed by Fig. 2. The input
to the power amplifier ., includes
not only the arbitrary transient
signal voltage e(t), but also volt-
ages proportional to the platform
displacement =z, to its first deriva-
tive and to the second derivative
of the platform motion. This ar-
rangement can produce faithful
mechanical motions z in the image
of the electric signal e(¢). The fol-

() = applied transient electric signal
input

z, dz/dt, d>x/di2 = transducer platform

output displacement
(vertical), velocity
and acceleration

ue = power amplifier gain

B1, Bz, Bs = respective feedback loop

amplifier net voltage gains
(positive or negative)

T, = transfer function of main force
transducer converting voltage to
mechanical displicement: e, =
Tx

T, = transference of photoelectric dis-
placement transducer converting
platform displacement to voltage:
e = le

T, = transference of velocity feedback
transducer converting platform
velocity to voltage: e, = T,
(dz/di)

T; = similar device converting the plat-
form acceleration to correspond-
ing voltage: e; = T; (dx/dt?)

m = total mass of suspended platform,
including mass of accelerometer
on test

d = residual velocity damping, due to
motion of conducting metal in

lowmg. definitions are used in stray magnetic fields, air damp-
analysis of the feedback system ing ete.
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FIG. 1—Power amplifier driving shake table has choice of three input voltage
sources. Three teedback paths link table to input of amplifier; two are from an
extra coil mounted on the table and the third is from a photoeleciric system actu-

ated by a vane mounted on the table
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s = equivalent stiffness of springs
suspending moving platform
The transfer function of the
main force transducer is

d2x dx
+d—- +sz) (1)

eo=Tex=h (m

diz
where h is a constant depending
upon the electromagnetic para-

meters of the force coil. The re-
sistance and inductance of the force
coil windings are neglected here for
simplicity.

Summing the voltages at the in-
put e, of the power amplifier in
Fig. 2 gives

ein = €(t) + Pier + Baer + Bas  (2)
Multiplying Eq. 2 by p. gives the
power amplifier output voltage e,
€ = wolin = wot(t) + wmofrer + ‘
tof2es + toBaes 3)
Use of Eq. 1 and the appropriate
transferred mechanical variables
for the feedback voltages yields
d*z

h (m i

+d %+s:c) = pee(t) +

d
woP1 T+ poBe Ty d‘f+ pofsTs %f— ©)

Combining terms yields

d? d
(hn— oBsTs) ~ +(id = ofaTs)

F(hs — weBiT)T = woe(t) (5)
The coefficients of each term of the
left hand side of this linear differ-
ential equation consists of the
algebraic difference of two factors
—a constant parameter (such as
hm) fixed by an electromechanical
magnitude and an adjustable factor
(such as w,B8,T,) depending upon a
feedback voltage gain. Thus, by a
mere change of polarity and gain
settings of the feedback voltage
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Construction of shake table,
method of bolting to heavy concrete
base as required for faithful generotion
of wave shapes having steep fronts

showing

amplifiers, the order of the differen-
tial equation can be changed at will,
since specified coefficients can be
made vanishingly small or very
large.

Modes

By appropriate feedback loop
gain settings it is possible to make
the coefficients of d*z/dt* and dx/dt
in Eq. 5 vanish, and the sign of
w3, T, positive. Thus, solving for the
displacement

= ot gl O ©
That is, the transducer platform
displacement z is in the image of
the applied signal e(t), no matter
what wave shape the function e (%)
may have. This is called the dis-
placement mode of operation of the
transducer system.

It is possible to adjust the feed-
back loop gain settings such that

dx Ho
- B 5 t
dt hd + #032[2 e( ) (7)

In this event, the transducer plat-
form velocity dx/dt is a replica of
the applied electric signal e(¢), no
matter what the function e(¢) may
be. This is the velocity mode of
operation of the transducer system.

Limitations

Exact accomplishment of Eq. 5
for a physical system is difficult, if

not impossible. Parasitic para-
meters, such as the driving coil
resistance and inductance, are not
specifically included in the analysis
but are nevertheless present; also,
amplifier gains and mechanical net-
work parameters are not constants.
The analysis is only an approxima-
tion to the physics, but is a useful
idealization nevertheless.

Stability of the system is always
an important consideration. By im-
proper adjustments of the gain
polarities and magnitudes, it is
quite easy to obtain an unstable
system. For example, by making
the coefficient of the velocity term
dx/dt slightly negative, electro-
mechanical oscillations immediately
result. This is not usually desirable,
especially if the oscillations are not
quickly stopped, as they may dam-
age the pickup on test. However,
adjustment of the system to a
regenerative state is sometimes use-
ful in sinusoidal calibrations.

Finally, the linear voltage range
of electronic amplifiers is limited.

ELECTRIC
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NPUT  UNILATERAL TRANSDUCERS
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o(t) : SHAKE TABLE
€
B/
e /7|  POWER xl
AMPUIFIER 7
= ACCELEROMETER

e Pe,=T,
B Vel 08 x

B e €y Ty % i

FIG. 2—Feedback representation of
electromechanical transducer system

Thus, the maximum available dis-
placement output of the transducer
is also limited, although adequate
for the precise testing of many
electromechanical devices and for
fundamental researches.
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Aircraft Receiver for VOR-

Complete navigation and communications equipment, including transmitter on same

chassis, provides cro presentation of omnirange signal and c-r indicator for instrument

landing system right-left signals. High sensitivity and in-flight calibration are featured

HE OMNIRANGE navigation sys-

tem for aireraft operates in
the frequency range between 112
and 118 me. There are four
separate modulations on the car-
rier. A 1,000-cycle tone, identify-
ing the station in Morse code, mod-
ulates the carrier 10 percent.
Voice modulation for weather and
communication with aireraft modu-
lates the carrier 30 percent. Third,
there is a 30-cycle modulation of 30
percent. TFourth is 9.96-kilocycle
modulation of 30 percent. Thus,
the carrier may be modulated up
to 100 percent.

The navigational features are
carried in the 30-cps and 9.98-kc
signals. The 30-cps modulation is
such that if a receiver north of the
station compares the phase of the
30 cps received with that of a sim-
ilar receiver east of the station,
there will be 90 degrees phase
difference.

With a receiver south of the sta-
tion, there will be 180 degrees
phase difference and west of the
station, the difference will be 270
degrees.

Thus, if there were some way of
knowing the phase north of the sta-
tion without being there, it would
be possible to tell the direction of
any receiver relative to the trans-
mitter. This reference informa-
tion is carried in the 9.96-kc modu-

lation by frequency-modulating it
at 30 cps in such phase that the
30-cps amplitude modulation will be
in phase for a receiver north of the
station. Thus, a receiver designed
for this type of signal can tell its
bearing from the transmitter.

Omnirange Receiver

Figure 1 shows the funections that
an omnirange receiver must per-
form. The tuner and i-f amplifier
are conventional. The i-f ampli-
fier is followed by a conventional
detector whose output consists of
four modulating signals. The 30-
eps and 9.96-ke signals are the two
required for omnirange operation.

The 30-cps signal is used directly,
but the 9.96-kc signal goes into a
discriminator to recover its 30-cps
frequency modulation. The 30-cps
signal from the diseriminator is
known as the reference-phase sig-
nal since its phase is independent
of the relative position of receiver
and transmitter. The 30-cps sig-
nal directly from the detector is
known as the variable-phase signal
since its phase varies with the posi-
tion of the receiver relative to the
transmitter.

There are two types of phase
meters in general use. The first
consists of a phase detector giving
zero output for O0-degree phase
angle and either positive or nega-
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FIG. 1—Principle of phase meter for
VOR direction indication
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FIG. 2—Comparison of broad Wien-
bridge null and measured response of
narrow-band filters

tive output if the phase is other
than 0 degree. The actual polarity
depends upon the sign (positive or
negative) of the phase difference.
Since such a phase detector will also
give a null at 180 degrees, a second
phase detector giving nulls at 90
and 270 degrees must also be used
to resolve the ambiguity.

A continuously wvariable ecali-
brated phase shifter is then placed
in either the variable or reference-
signal channel. The reading of the
phase shifter when the first phase
detector gives a null thus shows the
phase difference between the in-
coming signals except for a 180-
degree ambiguity that is resolved
by the second phase detector.

A simpler method is to make a
circular deflection on an oscillo-
scope tube from either the variable
or reference-phase signal and then
use the other signal to make a
sharp pulse that marks a spot on
the circular trace. This method has
the advantage of being direct read-
ing and does not require the ad-
justment of a variable phase
shifter. There is, likewise, no 180-
degree ambiguitv to be resolved.

New Design

In designing a receiver for maxi-
mum sensitivity, the limit is set by
thermal noise at the input. It is im-
portant to plan the receiver front
end for as good a signal-to-noise
ratio as possible. Improvement also
results from making the receiver
with as narrow a bandwidth as pos-
sible, since noise power is propor-
tional to bandwidth. Narrowing the
bandwidth seems to offer more room
for improvement than any other
change because receivers have not
so far exploited this possibility.

In a typical commercial receiver,
a Wien-bridge type filter is the
narrowest element therein; this
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ILS and Communications

filter commonly has a bardwidth of
about 120 cvcles at the 3-db points.
In the receiver to be described here,
a bandwidth of about 6 cycles is
used and thus a voltage sensitivity
is obtained that is 4 to 5 times
better than current commercial sets.
Figure 2 compares the band-pass
characteristics of these receivers.

A disadvantage of this narrow
bandwidth is that it introduces the
possibility of phase shift and re-
sultant errvor. If the tuning of the
narrow-band filter should drift
slightly, the phase of the 30-cps
signal would be shifted a relatively
large amount. Since the whole omni-
range system is based upon phase
measurement, the possibility of
such phase shifts cannot be toler-
ated unless there is some means of
checking the filters. Such a method
is deseribed by reference to Fig. 3,
a block diagram of the develop-
mental receiver.

All the circuits to obtain the 30-
cps variable and reference signals
are straightforward. In order to
measure the phase between the two
30-cps signals, one makes a circular
sweep on a cathode-ray tube and
a narrow pulse from the second
blanks out a portion of the circular
sweep. In operation, this gives a
presentation whereby the omni sta-
tion being received iz at the center
of the circle and the receiver is in
the direction of a blanked spot.
Tube orientation and circuits are so
adjusted that the 12 o'clock position
is magnetic north.

Since it is known that the two 30-
eps signals will be in phase when
the receiver is north of the station,
it is pessible to feed one of the
30-cps signals into both channels of
the phase meter for check purposes.
Under these conditions the phase
meter should read north. Figure 3
shows the calibration switch that
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By G. W. GRAY

Radio Corporation of America
RCA Laboratories Division
Princeton, N. J.

Control chassis shows omnirange presentation, receiving and transmitting adjust-

ments

facilitates adjustment of all cir-
cuits likely to shift the 30-cps.

A 1l-percent change in the tuning
of one of the phase-meter filters
will produce approximately five de-
orees of error. Also, the circuit that
makes a narrow pulse from the
reference 30-cps signal may be sub-
ject to variations in the phase rela-
tion between the pulse and the
original sine wave, These errors
can all be compensated by throw-
ing the switch to CALIBRATE and ad-
justing the phase of one channel
to give a north reading. The switch
is thrown to NORMAL for naviga-
tion.

Many omnirange receivers em-
ploy a left-right meter instead of
the circular sweep described here.
Such a calibration switch may be
employed to advantage with the
meter presentation and narrow-

www_americanradiohistorv com

band filters may be used to increase
the usable sensitivity.

The 30-cps tuned amplifiers are
selective-feedback types to avoid
using inductances that are heavy,
bulky and costly at these low fre-
quencies. The amplifiers consist of
two R-C coupled stages, with all
the output being fed back to the
first stage by means of a cathode-
coupled third stage and in such
phase as to be degenerative.

This large amount of feedback
reduces the gain of the amplifier
to only a little more than unity. A
parallel-T R-C filter tuned to re-
ject 30 cps is placed in the feedback
path to reduce the feedback at 30
¢ps to nearly zero. Thus, the ampli-
fier will have nearly full gain at
30 cps and the gain will fall off
sharply at both higher and lower
frequencies. The result obtained is
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shown in Fig. 2; the circuit is given
in Fig. 4, indicating its simplicity.

In the construction of a receiver
using these principles a standard
f-m tuner and i-f strip manufac-
tured by Collins Audio Products
were converted. The original equip-
ment used powdered iron slugs for
tuning over the 88-to-108 me band.
Replacing the iron slugs with brass
slugs changed the range to 108 to
126 me. Although the tuner as sup-
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plied by the manufacturer is wired
for 6-volt filaments, changing one
wire modifies it for 12 volts with no
changes in tubes. A little extra gain
can be obtained from the r-f ampli-
fier by decreasing bias. The only
changes made in the i-f strip were
removal of limiter and discrimina-
tor stages. The tubes were replaced
by equivalent 12-volt filament types.

The circuit of the complete re-
ceiver is shown in Fig. 5. Circuits

www americanradiohistorv.com

on the right are contained in a
chassis designed for the instrument
panel and include operating con-
trols. The circuits at the left of the
diagram are in a second chassis
that may be mounted anywhere,
since it has no controls.

Tuning the receiver is accom-
plished both mechanically and elec-
trically. The mechanical system uses
a ten-turn dual dial to actuate the
brass slugs of the tuner. Since
there is some backlash in the
mechanical system, electrical tun-
ing with no backlash is also in-
corporated. The electrical tuning
consists of a neon glow tube con-
nected across the oscillator tube in
a circuit allowing direct current
through the neon tube to be varied
by means of a variable resistor on
the front panel.

The neon tube acts as a variable
capacitor with the capacitance pro-
portional to direct current through
the tube. With the circuit shown,
approximately 1-megacvcle varia-
tion in oscillator frequency is ob-
tained. There are two advantages to
this type of fine tuning. The vari-
able resistor has no backlash so the
fine tuning of the receiver is
easier, This is especially true since
the mechanical linkage is long and
does have a little backlash.

Second, when contacting a station
that is not transmitting con-
tinuously, the receiver may be
tuned approximately by means of
the mechanical linkage and then
varied around this frequency with
the fine tuning while listening for
a reply. Since the fine-tuning range
is limited, there is no danger of
getting far from the desired fre-
quency even when the dial is not
watched.

The i-f strip is conventional.
Automatic volume-control voltage
is applied to all stages except the
last, since this stage operates at a
relatively high level and might dis-
tort the signal at high bias levels.
The detector is biased to provide
delayed ave and thus hold the out-
put level nearly constant over wide
changes of input level. Output of
the detector goes to three places—
an audio volume control, an ampli-
fier to amplify and limit the 9.96-ke
signal and an amplifier to select the
30-cps variable-phase signal. The
9.96-kc signal goes to a ratio de-
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tector circuit for recovery of the
30-cps reference-phase signal.

Wien-bridge coupling circuits are
used for the 30-cps signal because
of the relatively small capacitors
that can be used without introduc-
ing phase shift. One of the Wien-
bridge coupling circuits incorpor-
ates a variable resistor to provide
a small amount of phase shift
for calibration purposes. The vari-
able-phase 30-cps signal is filtered
in a tuned amplifier and then di-
vided into two phases—one phase
advanced 90 degrees with respect
to the other phase. Each phase goes
to a push-pull driver stage for the
deflection plates of the cathode-ray
tube. A circular sweep is thus pro-
duced from the variable-phase
omnisignal.

Marker Phase

The reference-phase 30-cps signal
goes to a second tuned amplifier
and after filtering to a circuit that
converts the sine wave to a narrow
pulse. Ideally, this circuit should
always produce a narrow pulse
from the same portion of the sine
wave even though the sine-wave
amplitude changes. This is not
difficult when a transformer is used,

since it has low d-c resistance com-
pared to its 30-cps impedance. Such
transformers are bulky and ex-
pensive, so the simple circuit of
Fig. 6 was devised.

The circuit makes a square wave
from the sine wave; it then differ-
entiates the square wave to form
positive and negative pulses.
Finally, the positive pulses are
clipped, leaving one negative pulse
per cycle. The pulse obtained by this
metnod is about seven degrees wide.
It is important not to build up bias
on the grid of the triode as a result
of clipping action taking place
there.

1f bias did build up, it would be
proportional to amplitude and this
would result in phase shift of the
pulse with respect to the sine wave
as & function of sine-wave ampli-
tude. Diode D, prevents grid cur-
rent on the positive half of the sine
wave ; however, the diode must have
a finite back resistance for proper
clipping. Either a crystal diode or
a vacuum diode shunted by approxi-
mately 300,000 ohms is used. Thus,
the resistance to ground looking
into the cathode of D, varies de-
pending on whether the voltage is
above or below ground. This can be

compensated by putting a second
diode D. in series with grid re-
sistor K.

Figure 6 shows the expression
for the resistance for voltages
above and below ground on the as-
sumption that the back resistance
of the two diodes is equal. Solving
for R shows that R equal to 0.6 of
the diode back resistance will re-
sult in zero bias being built up on
coupling capacitor C. Since the
effective back resistance of the
diode is not known, the correct
value of R is experimentally de-
termined by applying 30-cps sine
waves to the pulse-shaping circuit
and simultaneously to the horizon-
tal plates of an oscilloscope. The
output pulse is applied to the verti-
cal-deflection plates. Changing the
amplitude of the input to the pulse
maker will cause the pulse on the
oscilloscope to move sideways if R
is not right. The value of R can be
adjusted until the pulse does not
move as a function of input ampli-
tude.

Diode Balance

Two precautions obviate the pos-
sibility of errors resulting from
changing back resistance of the
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ELECTRONICS — June, 1954

supply omitted. Interconnections are labeled with number or letter

183



diodes. The reference-phase signal
is put into the pulse maker, since
the reference signal derives from
the frequency-modulated 9.96-ke
signal that went through a limiter
and ratio detector. The resulting
30-cps signal is not subject to wide
amplitude variations. Second, the
pulse-making circuit receives the
same signal in both the normal use
and calibration positions of the
calibration switch. If the pulse

maker should introduce phase
errors on signals of different
strengths, the calibration switch

will not only detect the error but
also allow in-flight compensation of
the circuit.

One criticism of the oscilloscope-
type phase meter compared to the
course-selector dial and left-right
meter is the difficulty involved in
figuring which way to turn to get
back on course. This problem is
easily solved by having some sort
of adjustable index on the face of
the oscilloscope, as shown in the
photograph of the instrument panel
chassis. The procedure follows.

If it is desired to fly away from
station, the arrowhead is set to
the bearing of the radial from the
station to be flown. The heading
of the plane is that shown at the
arrowhead with allowance for the
wind. If it is desired to fly towards
the station, the tail of the arrow is
set to the bearing of the radial
from the station to be flown. The
heading of the plane is again that
shown at the arrowhead with al-
lowance for wind. When flying
away from the station, the blanked
spot will appear at the arrowhead,
and when flving towards the sta-
tion, at the tail of the arrow.

As shown in the photograph, one
side of the arrow may be marked
left and the other side right. I the
blanked spot on the circle moves
to the side of the arrow marked
left, the course should be altered to
the left in order to get back on the
desired course; likewise, if the
blanked spot moves to the side
marked vight, the course should be
altered to the right. These correc-
tions apply whether the blanked
spot is at the head or tail of the
arrow. In practice this device has
been found completely satisfactory.

The oscilloscope presentation in-
stead of the left-right meter type
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insures virtually fail-safe operation.
If the oscilloscope shows a cen-
tered circle with a pip that goes to
north when calibrating, the 30-cps
filters and phase meter are com-
pletely checked. The ave circuit is
the only other part of the circuit
that could produce appreciable 30-
¢ps phase shift; if the avc voltage
is not filtered sufficiently, it will
grid modulate the i-f amplifier to
produce 30-cps phase shift. Even
this possible trouble can be made
virtually impossible by putting
paralleled bypass capacitors on the
ave lead.

Since the power supply and
modulator are already available, a
vhf transmitter is included in the
design. The transmitter is crystal-
controlled and operates on the
eighteenth harmonic of the crystal.

All the controls for operation
have been grouped on the front
panel without too much difficulty;
however, experience has shown that
some of the controls are rarely used
and probably do not need to be so
readily available, Two adjustments
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FIG. 6—Pip-making circuit uses matched
diodes to prevent phase shift with am-
plitude
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OFF-COURSE ON  OFF-COURSE LOSS OF
LEFT COURSE RIGHT SIGNAL

FIG. 7—Patterns of indicator tube for
ILS localizer conditions

labeled CIRCLE SHAPE are not re-
quired on the front panel. With
sufficient magnetic shielding of the
cathode-ray tube, the two centering
controls can be left off the front
panel.

ILS Adapter

Most omnirange receivers include
circuits to receive the instrument
landing system localizer signal since
the carrier frequency is adjacent to
the omnirange band. The localizer

signal consists of a carrier with
two modulations, 90 and 150 cycles.
When the receiver is on course, the
two modulations are of equal ampli-
tude; off course on one side the 90-
cps signal is larger; off course on
the other side the 150-cps signal
is larger. In omnirange receivers
using left-right meters the same
meter can be used for indicating
the relative output of detectors
tuned to each frequency.

An omnirange receiver using an
oscilloscope has no left-right meter
available for the ILS localizer. Ad-
dition of a meter to an instrument
panel is troublesome both for lack
of space and becausa of magnetic
effects. In place of a1 meter a 6ALT
tube may be used. This tube indi-
cates the balance of two voltages
and tells which voltage is greater.

Since the 6AL7 uses deflection
plates, its input impedance is very
high—much higher than that of a
meter. With a high-impedance null
indicator the filters that separate
the 90 and 150-cps signals ecan be
high impedance and thus require
less driving power. However, the
real advantage of using high-im-
pedance filters is that they require
only resistors and capacitors. Ex-
pense and bulk of inductors for
these low frequencies can be thus
avoided. The sharpest R-C filter is
a parallel-T rejection type, which is
used here. The 90-cps signal is
selected by using a 150-cps parallel-
T rejection filter and 150-cps signal
by 90-cps rejection.

The two signals are rectified by
two peak detectors and the result-
ant voltages applied to the 6ALT7
deflection plates. To make the sys-
tem fail-safe, a third rectifier turns
the beam on when a signal is re-
ceived. If the signal fails, the beam
is biased off and no indication is
eoiven. The circuit for this 6AL7
indicator is shown on the complete
schematic diagram. The type of
indication for on-course and off-
course is shown in Fig. 7.
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Circuit of the voltage-responsive timer uses

two relays and three tube envelopes

By S. ROZENSTEIN
and E. GROSS

Scientific Department
Israel Ministry of Defense
Huaifa, Israel

Long-Period Timer

Miller-integrator sawtooth is compared with input d-c to generate voltage-dependent

periods from 0 to 50 seconds with accuracy better than ©0.25 second. Delays of minutes

are possible with device that combines magnetic relays and vacuum tubes

TRANSDUCER circuit has been

designed to convert d-c output
of a computer servosystem into a
time period starting at any wanted
instant. The variable d-c input is
between 0 and 100 v, the wanted
time period to be linear from 0 to
50 seconds. The accuracy is better
than =0.25 sec or 0.5 percent of
the maximum period if a well-regu-
lated power supply is used. The
circuit is practically independent of
tube characteristics. Longer time
periods can easily be obtained.

A Miller integrator produces a
linear sawtooth voltage. Compari-
son of the slow sawtooth voltage
with the input d-c¢ voltage in a tri-
ode comparator generates the tim-
ing pulse by regenerative switching
of the suppressor grid of the Miller
integrator pentode. The maximum
timing period depends on the R-C
constants of the DMiller circuit,
switching speed being independent
of the sawtooth slope, as the feed-
back circuit is completely d-c
coupled. The timing capacitance is
the only capacitor in the cirenit.

In its quiescent condition K, is
energized and contacts K., K,» and
K. are closed. Tube V. is biased

ELECTRONICS — June, 1954

to cutoff through contacts K., and
its plate voltage is high. The grid
of cathode follower V, is connected
to a voltage divider from the plate
of V.. The cathode voltage of V.
is approximately +1 v to the sup-
pressor grid of pentode V..

The control grid of V. is con-
neeted through contacts K, to a tap
on the load resistance R, and R, of
cathode follower V,. By means of
the d-¢ coupled negative feedback
between V. and V, plate voltage of
V, is stabilized at about +50 v. Re-
lay tube V. is biased to cutoff
through contacts K.

To start the timing sequence,
pushbutton B is pressed, opening
the coil circuit of relay K,. With
contacts K., K.» and K. open, relay
tube V., conducts, closing timing
relay K.. Contacts K., open, so that
K, remains open after pushbutton B
is released. Tubes V7, and V, now
operate as a Miller integrator, the
plate of V. and the cathode of V.,
rising linearly from 450 v towards
the supply voltage, the slope de-
pending on B, C and the voltage E.

The sawtooth voltage continues
to rise until the grid of comparator
tube V., rises above cutoff voltage

produced at the cathode of V. and
determined by input d-c-voltage on
its grid. At that instant V, starts
to conduct. Because its plate is
coupled through V, to the suppres-
sor of V., falling plate voltage of
V, reduces the plate current of W,
and thus increases the slope of its
plate-voltage rise, this change being
fed back again to V.. The switch-
ing action is regenerative and fast.

The negative voltage step at the
suppressor grid of V. also cuts off
relay tube V, and timing relay K.
opens. Contacts K., close relay K.
The circuit returns to its quiescent
condition as soon as C is discharged
through R,. Time T required for
the circuit to reach a steady state
after closing K, is 8R,C. In this
case, T is 0.12 second.

The slope of the Miller integrator
sawtooth voltage and therefore the
maximum wanted timing period de-
pend on the choice of components
R and C. The exact time is set
at 100 v d-c input by adjustment of
E on potentiometer P.. The mini-
mum time period is adjusted at 0 v
input by P. in such a way that the
switching back occurs immediately
after pressing the pushbutton.
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Sequentially Gated

Special age system equalizes amplitudes of signals from two or more co-channel pulse

transmitters differing up to 50 db in intensity. System is applicable in loran, shoran, tele-

metering and guided missile control receivers

OBJECTIVE of the automatic gain
control system to be described
is to supply control voltages to a
receiver to hold its output constant
within =1 db while receiving
pulsed signals alternatively from
two or more transmitters—all op-
erating on the same frequency and
varying as much as 50 db in signal
intensity. The transmitted pulses
have a 0.1-microsecond rise time
and a duration of approximately
0.5 microsecond.

Since the leading edge of each
pulse must be preserved and the
rise time is exceedingly short, an
instantaneous automatic-gain-con-
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trol circuit is unsatisfactory. In
this sequentially gated control, the
input and outputs of three age
channels are gated on or off in a
specific cyclic sequence.

The main pulses sent out by the
three transmitters are preceded by
identifying code pulses. The trans-
mitters operate in a one-two-one-
three sequence. Pulses are received
in the same order. This gives a
synchronous cycle to the received
signals. The decoded signal tells
which transmitter is sending and
which transmitter will send next.
This information is used to con-
trol input and output gating and

a separate automautic-gain-control
channel is established for each
transmitter.

Pulse Coding

Transmitter 1 has two distinct
codes which are transmitted al-
ternately; transmitters 2 and 3
have the same code. Transmitter 1
transmits code A if transmitter 2
is to follow and code B if trans-
mitter 3 is to follow, For simplicity,
coding pulses will be referred to as
code 1A and 1B for transmitter 1,
code 2 for transmitter 2 and code 3
for transmitter 3.

All incoming transmitted pulses
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FIG. 2—Typical agc section showing input gate, pulse stretcher, d-c amplifier
and output gate. This secticn is identical to all agc sections in the unit
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FIG. 3—Output gating circuit including output gates of three agc sections

Auto:

Table [ —Gating Sequence for
Automatic Gain Control

Trans- | Code | Tnput | Output
mitter | , gate | gate
1 14 open 1|
14 delayed | close | l open 2
1 ‘ close 1
2 |2 open 2
2 delayed close 2 | open ]
\ l close 2
1 1B open |
1B delayed | close 1 | open 3
close 1
| | i
3 3 open 3
l 3 delayed \ elose 3 | open 2
i | close 3

By MARCUS ELIASON*

Sales Manager
Electronics Division
Air Associates, Incorporated
Orange, New Jersey

vatic Gain Control

from the detector of the receiver
are fed to the video amplifier and
then directly to the age unit. These
same video signals are received
simultaneously by a decoder.

The main transmitted pulses are
preceded by coding pulses identify-
ing the originating transmitters.
The agc system is controlled by the
coding pulses and the main pulse
in each case is used to control re-
ceiver gain.

AGC Cperation

Figure 1 ts a block diagram of
the composite age system. When a
signal consisting of coding and
main pulses is received, it is fed
to the three gates in the agc unit.
These circuits are normally off
until the proper control pulse from
the decoder is fed to a one-shot

*Formerly with the Hughes Aircraft Co.,
Culver City, Calif.
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multivibrator whose output opens
the appropriate gate to pass the
main pulse. If the incoming signal
is from transmitter 1, the decoder
will furnish a code 1A pulse which
is fed to a one-shot multivibrator
whose time constant is 12 micro-
seconds. The output of this multi-
vibrator is impressed on the sup-
pressor of input gate tube 1. Since
the coding pulse arrives approxi-
mately 10 microseconds before the
main pulse, there is time for the
code 1A pulse to trigger the gating
multivibrator before the main pulse
arrives. The gate closes at the end
of the 12-microsecond multivibra-
tor pulse.

The main pulse is amplified in
the first gate tube and fed through
a pulse-stretching cirenit that
lengthens it from 0.5 microsecond
to approximately 15 milliseconds.
The output of the pulse stretcher is

fed through the d-c amplifier and
output gate to the cathode follower
which feeds the i-f amplifier.

When the one-shot multivibrator
shuts off input gate 1, its output is
also fed to a delay-peaker network
which emits a pulse 12 microseconds
after the code 1A control pulse.
This code 1A delayed pulse is fed
to flip-flop 1 which in turn de-
activates output gate 1.

The code 1A delay pulse also
feeds flip-flop 2 turning on output
gate 2. The voltage stored in the
pulse stretcher from previously re-
ceived pulses is now applied to the
cathode follower. This furnishes
the proper age voltage to the i-f
amplifier, anticipating the proper
age level for the next set of pulses
to be received from transmitter 2
because of the sequential operation
of the transmitters.

When the next group of pulses
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Complete agc circuit assembled on plug-in type chassis

is received from transmitter 2, the
decoder decodes the pulses and
furnishes the code 2 control pulse.
This pulse is fed to its one-shot
multivibrator whose time constant
is also 12 microseconds. The output
from this multivibrator is fed to
input gate 2 and holds it open 12
microseconds allowing the main
pulse from transmitter 2 to pass
before it closes. This pulse is also
lengthened to 15 milliseconds,
amplified and stored. The one-shot
multivibrator triggered by the code
2 control pulse also feeds a peaker
network. The output of this peaker
emits a code 2 delay pulse which
feeds flip-flop 2 turning off output
gate 2.

The code 2 delay pulse also
triggers flip-flop 1 turning on out-
put gate 1. This allows the voltage
stored in circuit 1 to be fed to the
cathode follower and the receiver
i-f strip. The receiver now hus
proper bias applied to the i-f strip
awaiting the pulses from trans-
mitter 1. The next group of pulses
received and decoded are from
transmitter 1. As this is the alter-
native output of transmitter 1, the
decoder furnishes a code 1B control
pulse. This pulse is fed to the one-
shot multivibrator. The output of
the multivibrator is delivered to in-
put gate 1 which allows the main
pulse from transmitter 1 to pass.
This pulse is lengthened and
amplified. The one-shot multi-
vibrator also feeds a peaker. This
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peaker network emits the code 1B
delay pulse to flip-flop 1 which
shuts off output gate 1. The de-
layed pulse is also fed to flip-flop 8
to turn on output gate 3 allowing
the voltage stored in age channel 3
to pass to the cathode follower and
the i-f strip of the receiver. The
age level is now correct for receiv-
ing pulses from transmitter 3.

When the signal is received from
transmitter 3, the output of the re-
ceiver activates the decoder gen-
erating o code 3 pulse which is fed
to its one-shot multivibrator which
also has a time constant of 12 micro-
seconds. This multivibrator output
is connected to input gate 3 so the
main pulse from transmitter 3 can
pass, be lengthened and amplified.
The output one-shot multivibrator
associated with the code 3 pulse
also feeds its peaker. This peaker
network emits its code 3 delay pulse
to flip-flop 3 for turning off output
gate 3. Simultaneously the code 3
delayed pulse operates flip-flop 1
which turns on output gate 1 al-
lowing voltage to pass to the
cathode follower and the i-f strip of
the receiver.

Operational Details

The entire operation represents
one sequential age cycle. Output
gates 1, 2 and 3 are flip-flop con-
trolled and remain off or on until
triggered. This sequential opera-
tion is shown in Table I.

The period for each set of trans-

mitter pulses is approximately
2,000 microseconds for transmitter
1 and 4,000 microseconds for
transmitters 2 and 3. Because the
pulse stretcher lengthens each pulse
to approximately 15 milliseconds,
there is sufficient amplitude infor-
mation from about 8 pulses for
transmitter channel 1 and 4 pulses
for transmitter channels 2 and 8
for setting the levels in each of the
age circuits at any time. Since the
transmission repetition rate is ap-
proximately 500 per second for
transmitter 1 and approximately
250 per second for transmitters 2
and 3, a 15-millisecond pulse-
stretching network is necessary for
setting average levels and storing
sufficient age voltage to be applied
to the receiver i-f strip the next
time a transmission is received.

A typical age section is shown in
Fig. 2. Tube V, is the input gate.
When the 12-microsecond square-
wave from the one-shot multivibra-
tor is applied to the suppressor of
this tube, the pulse is clamped to
approximately zero potential allow-
ing the tube to conduct. During
this period, however, the main pulse
arrives at the control orid, is ampli-
fied and coupled to cathode follower
V.1 to drive pulse stretching net-
work V,, C, and R,.

The suppressor of 17, is controlled
by one of the three sequential flip-
flops. Capacitor C, smoothes out the
pulse peaks on the uge voltage.
The plate of this stage is direct-
coupled to the grid of the cathode
follower whose cathode is tied di-
rectly to the agc bias line in the
receiver i-f strip. Direct-current
output gating between the three
separate age channels is obtained
by connecting the plates of output
gates 1, 2 and 3 as shown in Fig. 3.
Since only one gate operates at one
time, the plates of the three output
gates are tied to a common load
resistor. The voltage developed at
the grid of the cathode follower
stage is due to only one of the age
channels. When one output gate is
turned off, another gate tube is
simultaneously turned on thus as-
suring correct bias on the receiver
i-f strip at all times. A common-
cathode resistor network in the
three sequential flip-flops assures
that only one output gate can be
on at one time.
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Frequency Meter
Uses Digital Counters

Direct readings of frequencies from 0 to 42 me are obtained using counter techniques.

Simple operating procedure enables unskilled personnel to make highly precise

measurements. Instrument incorporates self-checking feature

TECHNIQUES of digital counting
and heterodyning are combined
in a frequency meter that is as
simple to operate as basic counters
and has a frequency range of 42
me. In contrast to heterodyne sys-
tems alone, there is no ambiguity,
no searching or adjustment, no
possibility of falsely identifying
harmonics and a measurement is
completed in a few seconds.

Figure 1 is a block diagram of
the frequency meter. Fundamental
and harmonic frequencies of the
crystal oscillator are applied to
the harmonic amplifier. Reference
harmonics are selected in 1-me
steps over a frequency range of 2
to 41 mc and beat against the input
signal in the mixer stage to obtain
a beat frequency less than 1.2 me.
The unbalanced mixer circuit Is
followed by a low-pass filter which
has its cutoff frequency below that
of the input signal and also below
the lowest harmonic. When a beat
frequency below 1.2 me is produced,
the SET LEVEL meter will be de-
flected. This signal is then applied
through the gate circuit to the
counter which displays the answer.

Operation

To make a measurement, the se-
lector switch is turned in the direc-
tion of increasing frequency (clock-
wise) until a position is reached
where the SET LEVEL meter is de-
flected. The full answer is then
displayed on the eight banks of
decade lights. There are two adja-
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By A. F. BOFF

Derkeley Division
Beckman Instrumenis, Inc.
Richmond, California

cent positions of the selector switch
which will produce a beat frequency
below 1.2 me with consequent de-
flection of the meter. One position
uses a reference frequency lower
than the signal and the other a
higher reference frequency. The
lower reading is in all cases correct.

Circuit Design

The circuits of the counter and
time-base sections of the instru-
ment are conventional.

The circuit diagram of the heter-
odyne section is shown in Fig. 2.
Crystal controlled oscillator V, is a

triode amplifier with two separate
feedback paths. The series network
containing thermistor R. provides
loop gain and automatic amplitude
control. Resistor R, provides a nega-
tive feedback path to prohibit
oscillation except when the grid
resistor is shunted by the series
resonance of the crystal and its
trimmer capacitor C.. This circuit
is extremely stable due to its rela-
tive immunity to changes in tube
characteristics and has the added
advantage of allowing the trimmer
capacitor to have one side at ground
potential thereby avoiding the
effect of hand capacitance during
standardization of crvstal fre-
quency.

Capacitor C. is a piston type con-

Frequency meter in use at RCA communications center, Bolinas, California to measure
frequency of transmitters

www-americanradiohistorv com
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FIG. 1—How heterodyne and counter techniques are combined

structed of invar and quartz. It
has very little dielectric loss and a
nominally zero temperature coeffi-
cient of capacitance.

Cathode follower V, provides a
convenient take-off point for syn-
chronizing the time base dividers
in the counter section.

The output from the oscillator is
amplified by V, and applied at high
level to the grid of V.. A large bias
is built up on C, by the grid current
of V, and consequently V, passes
plate current during only a small
part of each cycle of the oscillator
waveform.

The current pulse causes a
damped oscillation in L, at a fre-
quency in the region of 10 me. Since
the process is concerned only with
producing a pulse of proper shape
and polarity, the exact frequency is
of no consequence. The first posi-
tive going cycle of this waveform is
larger than all subsequent cycles

Negative bias is built up on C.
by grid current in V; causing this
tube to be completely cut off except
during the peaks of the largest pos-
itive eycles of its input waveform.
The input to V, is a fast, narrow
pulse at a repetition rate of 1 me
precisely controlled by the crystal
oscillator. Such a waveform con-
tains harmonics of 1 mc at practi-
cally costant amplitude to an order
dependent upon the width and rise
time of the pulse.

Harmonic Selector

The tuned circuit comprised of
L, and its associated capacitors se-
lects individual harmonics from 2
to 41 me. The response of this cir-
cuit to harmonics adjacent to that
selected is so small that the input
circuits reach a limiting condition
before sufficient energy at a false
frequency can be forced through to
the meter circuit. Inductance L,

Q in the neighborhood of 400 over
the complete range 2 to 41 me. This
value of Q is obtained by high qual-
ity capacitors, low loss dielectric
material for the switeh and a physi-
cally large inductor. Plate damp-
ing by V; is negligible since the
tube conducts for only a very short
interval of time.

Response

At the most critical frequency—
41 mc—the response to 42 mc is
more than 26 db down. Since the
input amplifier is designed to limit
at about 15 db above normal signal
level, it is virtually impossible to
obtain false answers due to this
cause, even allowing substantial
detuning of the selective circuit.
Excessive variation in sensitivity
over the range is corrected by sig-
nal input amplifier V, Stray ca-
pacitances shunting the resistance
plate load cause a rapid decline of
amplification at high frequencies.

The resonant selector circuit is
loosely coupled to mixer V.. In
typical heptode mixers, the signal
grid has a characteristic which is
considerably more linear than the
injection electrode. The customary
positions of signal and reference
frequencies with respect to the in-
jection electrodes are reversed to
minimize demodulation of 1-mec
sidebands inevitably present in the
reference frequencies.

The three-section filter following
the mixer tube is a conventional
M-derived, constant-K tvpe having

until the next 1-mec impulse is is tuned by capacitors mounted on nominal cutoff at 1.2 me and infinite
received. the turret switch and maintains a  attenuation at 2 me. Stray capaci-
+ 290 Vv
+ 120V
EXTERNAL EATH
I-MC INPUT OLL
a7k3
—~ 0.0l
- Vs o—s0— TURRET
T+ 6AH6 SWITCH
Cq 200! FREQUENCY
v T él‘“ SELECTOR
\ G TEST
1-MC OUTPUT COUPLER
470
a3 < 47K>OOI“ 150 ==0.01
Oo‘T T ’{ “\ K=X1.000
T T '

FIG. 2—Schematic diagram of hetercdyne section of frequency meter. Mixer output is applied through gate to counting unit for display.
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tances across L., L, and L, are effec-
tive as additional elements normal
in an M-derived design. Pentode
V. is a low-impedance output stage
connected by coaxial cable to the
counter section of the instrument.
Further amplification to drive the
meter circut is provided by V,
and V.

Coil L, is a pickup probe brought
to a socket on the front panel. A
small amount of energy at all har-
monic reference frequencies is
available here. By coupling to a
radio receiver, a beat note may be
obtained with a standard WWYV
transmission and the frequency of
the crystal oscillator adjusted to
zero beat using trimmer C., which is
accessible on the front panel.

Counters

A decimal counter unit with neon
light indication 1is illustrated in
Fig. 3. Several of these units are
used in cascade to form the counter
illustrated in the block diagram.
Every pulse which passes through
the gate circuit to the counter is
precisely registered. For frequency
measurement, the gate must be
opened for a precisely known time
interval. This time interval is
obtained by dividing the output
from a crystal controlled oscillator
operating at 1 mec. Additional cir-
cuits must be provided to allow time
for adequate display of the total
reading and resetting to zero.

Accuracy

There are three separate contri-
butions to error in the measure-

ment of frequency by this method.
All counting instruments which
measure the number of impulses in
a finite time introduce an irreduc-
ible error of =1 count, dependent
upon the instant the gate opens in
relation to the phase of the signal.
Also, a small amount of jitter is
produced in the processes of divi-
sion in the time base. Finally, the
frequency of the crystal oscillator
is not exactly correct.

In this instrument, the error due

FIG. 3—Direct-reading decimal counter

to jitter is less than 0.1 psec and is
not therefore significant in the
measurement of beat frequencies of
the order of 1 me. The crystal is
housed in a thermostatically con-
trolled oven and it has been found
practicable to obtain short-term
stability of 1 part in 10°. Regular
comparison with a standard is
necessary to maintain this accuracy.

Overall accuracy at all frequen-
cies from 0 to 42 mc is =1 part in
10" =1 cps.

Calibration
The circuit complexity makes
self-checking  indispensable. A

simple but thorough method is
readily available. When the input
selector switch shown in Fig., 2
is thrown to the TEST position, con-
sistent correct readings can be ob-
tained only if all the decimal
counter units are functioning cor-
rectly, the time base dividers are
dividing in the proper ratio and in
a stable fashion and the gate and
control circuits are operating cor-
rectly. Absolute accuracy of the
crystal oscillator is the only factor
not checked by this test.

The author is indebted to his
associates at Berkeley Division for
design of sections of this instru-
ment and for assistance during its
development,
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TV Lighting Calculator

Chart permits graphical determination of illumination on photosensitive surface of

camera pickup tube when scene brightness and lens aperture are given. May also

be used to find required scene brightness if other factors are known

By JOSEPH SODARO

Los Angeles, Calif.

LLUMINATION INTENSITY on
the photosensitive surface of
a tv camera pickup tube is given
by E = = BT COS'0/4f* where E
is in foot-candles, B is scene
brightness in candles per square

illumination in foot-candles and
on the f scale with the aperture
stop value. A straight line
through these points extended to
the B scale will indicate the
necessary scene brightness.

The nomograph is not appli-
cable directly to close-up work
in which the pickup tube image
is greater than one-tenth the

actual size of the object. For
these cases, divide the value ob-
tained on the E scale by (m +
1)? in which m is the magnifica-
tion ratio.

REFERENCES

(1) W. N. Goodwin. Jr., The Pho-
tronic Photographic lixposure Meter,
Jour SMPE, p 95, Feh, 1433,

(2) D. G. ¥ink, “Principles of Tele-
vision Engineering”, p 70, McGraw-
Hill Book Co., New York, 1940.

foot, T the lens transmission co-
efficient, f the lens aperture and 6
the angle between the direction
of the light and the optical axis -
of the system.” For practical use ‘
this formula is simplified by as-
suming 15 degrees as an average
value of 0 and 0.75 as an average
value of T." The calculator is
based upon the equation after |
simplification for average values. i 1

Use

Camera pickup tube illumina-

tion is determined from this l—_10
nomograph by selecting scene
brightness in candles per square —
foot on the B scale and the lens
aperture on the f scale. Join
these points with a straight line.
At the intersection of this line L-|
with the E scale read camera
pickup tube illumination. This —
value can be multiplied by the
pickup tube photosensitive sur-
face area in square feet to obtain
lumens.

As an example, determine the
camera illumination for a scene —
brightness of 10 candles per -1
square foot for an f/3 lens. From
10 on B draw a straight line to 3
on f. Read 0.55 foot-candles at
the point where this line crosses
the E scale. = —L— 0

To determine required scene
illumination, enter the nomo-
graph on the E scale with the re-
quired camera pickup tube

— 1000

100

—1— Ol

—1— 0.0!

—1— 0.00I

LENS APERTURE IN f STOPS

CAMERA ILLUMINATION IN FOOT-CANDLES
o

SCENE BRIGHTNESS IN CANDLES PER SQ FT

— O

f

B=
»
E

- 0.01

— 0.001
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Power Level Nomograph

By THEODORE HALABI

Atlantic Transformer Co.
Groton, Conn.

not directly intersecting on graph

Conversion chart gives voltage and power levels for db
or dbm across any normal value of impedance from one

to one million ohms. Scale extension covers any level

OWER LEVELS are commonly
Pexpressed in db or dbm in-
stead of directly in watts. With
a given level of 420 db across an
impedance of 600 ohms, it is
relatively simple to calculate the
corresponding voltage level. Since
+20 db is a gain of 20 db of
power over a reference of 0 db or
6 milliwatts, P = 0.006 X antilog

VOLTAGE .
"“‘-E\)’g’_l-Ts 20/10 = 0.6 watt. Then using
E 100 Power = E*/R, E = \/0.6 x 600
EENER = = 19 volts. The same computa-
IMPEDANGE LEVEL = = tion can be made whenever the
'N OHMS DB DBM = power is given in multiples of
| — *50—E_+60 E_ 10 db, such as —50 dbm or +40
— i = = db, utilizing the fact that the log
=5 ol _ZE—+50 E‘ of multiples of 10 is an integer.
= =4 L However, when the power level
10— 0 DB =6 MW +3o—::— +40 ::__ o is some number indivisible eveply
| ooBM= 1 mw 4 = by 10 such as.—75 (%bm, the in-
— Si=d = put level of a high-gain amplifier,
=5 +20J= *+30 — 6
— -+ & or +35 db, the output of an
00— :;_ +20 E audio amplifier, it is necessary to
) HO—— E find the voltage across an imped-
A —_ = lo == - ance by looking up the antilog
= e - - of the power level, a decimal
o] = I o number.
S E: To use the nomograph, draw a
] S = straight line from the impedance
. *20~—1~ 5= a5 at left through the power level
'04_2 EE__ZO E- and read volts directly at the
“30—— == right. For example, a 250-ohm
n == = audio line is transmitting 410
= -ap—= 730 - dbm of power from which 1.58
= = SEESIPTENSIENY i volts is read off the graph.
=3 =gty 10 "40BEE WOLIS = O The scale extension value, 40
. =+ X 100 = db, allows calculation of any level
- so— % E o0o0s not intersecting directly on the
sj -1 — nomograph. For instance, a
e sroeits 60 - 5,000-ohm plate load impedance
4 = at a +42 db level intersects off
o < - the graph. However, read 6.9
L N volts at 4-2 db (42-40). The
=80 L oo multiplying factor for 40 db is

100 and therefore, the level is
6.9 X 100 = 690 volts.
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To avoid vibrator troubles...

Call on MALLORY

in the design stage

Power supplies will meet the toughest requirements of battery
operated equipment il experienced engineering goes into the selection
of each element . .. vibrator, transformer, and bulffer capacitor. ..
so that electrical characteristics are balanced to give maximum

vibrator performance.

Call Mallory in the design stage and put an end to your vibrator

problems. Muallory engineers will help you translate vour power

needs into a precisely engineered design . .. you’ll save engineering

time . .. vou’ll get the power performance vour cquipment needs.
) £ ] P

In Vibrator design and production, Mallory offers vou . . .

EXPERIENCE gained through years of working with leading manu-

facturers on a broad variety of vibrator applications.

VIBRATORS for civilian and military use ... produced by the

Get More from

organization which pioneered the development of comunercial Vibra-
ExPGCt More... tors over 20 vears ago and has supplied more Vibrators for original
equipment than all other makes combined.

ENGINEERING AND PRODUCTION FACILITIES . .. to vour

most exacting requirements for vibrators or complete power supplies.

PR MALLORY & CO Inc
M A I_ Lo RY W hether your equipmentis in production or still on the drawing board,

write or call us today for complete information on our facilities.

Parts Distributors in all major cities stock Mallory standard components for your convenience.

Serving Industry with These Products:
Electromechanical —Resistars * Switches ¢ Television Tuners * Vibratars
Electrochemical—Capacitars « Rectifiers * Mercury Batteries

Metallurgical —Cantacts » Special Metals and Ceramics « Welding Materials
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Mobile f-m iransmitter powered by sun’s rays lalling on developmental silicon
solar battery has possible range of several miles

Sun Powers Telephone

Low-POWER demands of transistor-« at a precise rate under carefully

ized telephone equipment (ELEC-
TRONICS, p 192, May 1954) and de-
velopment of p-n junctions in
silicon have made feasible a prac-
tical solar battery.

The battery illustrated com-
prises a number of silicon strips
each measuring about a half inch
by two inches, which when con-
nected together, produce power
from sunlight at a rate of 50 watts
per square yard of surface.

Heart of the development is a
technique, useful in the manu-
facture of transistor devices, of
introducing controlled amount of
impurity beneath the surface of
extremely pure silicon. Introduced

196

controlled conditions, the impuri-
ties reach a depth of less than one
ten-thousandth of an inch.

Wires, through which useful cur-
rent may flow, are connected to the
surface layer and to the body of the
silicon. In full sunlight, current
flows at a rate of 24 milliamperes
per square centimeter at a volt-
age of approximately half a
volt. In practice, the silicon strips,
which can stand much higher
temperatures than comparable ger-
manium devices, are encapsulated
in a clear high-resistance plastic.

Bell Labs scientists estimate that
this type of energy conversion unit,
operating on the light rather than

www_americanradiohistorv com
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the heat of the sun, can never con-
vert more than 22 percent of total
incident solar energy. They believe
that it may be possible to attain
practical efficiencies as high as 10
percent. The present solar battery
has an efficiency of 6 percent, which
is many times that of comparable
devices, such as thermocouples and
photocells.

Although many interesting ex-
periments can be performed with
the solar batteries constructed in
the laboratory, using either sun-
light or artificial illumination, they
are not vet in a stage of develop-
ment for high-power applications.

First practical employment of the
sun for telephone service may be
with transistor equipment now
undergoing field tests near Ameri-
cus, Ga. Prime source of power
must be storage batteries, as is
true generally in telephone plant.
By determining the probable inci-
dence of sunshine a solar battery of

Solar battery is made up of special
silicon strips like that held in hand.
Units are encapsulated in clear plastic

June, 1954 — ELECTRONICS



You can get
complete FM-AM
coverage

100 KC to 216 MC

The Type 202-B FM-AM Signal Generator and the
Type 207-A Univerter provide complete FM-AM signal
coverage from 100 KC continuously through 216 MC
in two compact portable units.

The Type 202-B FM-AM Signal Generator was designed

100 M2 to meet the exacting requirements set forth by leading
PRICE: $975.00

F.O.B. Boonton, N. J_

engineers throughout the country and has found wide-

M

BROADCASTING spread acceptance as the essential laboratory instru-

o ment for receiver development and research work.

FM-AM
SIGNAL GENERATOR
Type 202-B

SPECIFICATIONS
FREQUENCY RANGE: 54—216 MC =0.5%,
FM MODULATION: 0—Z240 KC continvously variable.
FM DISTORTION: Lass than 2%, at 75 KC.

AM MODULATION: 0—50% continucusly variable.
AM DISTORTION: Approximately 5% ot 50% AM.

INTERNAL MODULATING FREQUENCIES: 50, 100, 400 cycles; 1,
5,7.5,10,15 KC.

R. F. OUTPUT VOLTAGE: 0.1 to 200,060 microvolts continuously
variable from source impedance of 26.5 ohms.

POWER SUPPLY: 105—125 volts, 50/60 cycles (internally regulated)

UNIVERTER f7ype 207-A

{When used with 202-B)
SPECIFICATIONS
FREQUENCY RANGE: 100 KC—55 MC.
FREQUENCY RESPOMNSE: Flat within =1 db. over frequency range.
FM-AM MODULATION: See 202-B.
FM DISTORTION: No appreciable distortion at any level.

AM DISTORTION; Neo appreciable distortion at carrier levels below 0.05 volt and modulation
of 50%.

RF QUTPUT VOLTAGE: C.1 to 100,000 microvolts continuously variable from source impedance
of 26.5 ochms; also approximately 1.5 volts from 330 oims into open circuit.

POWER SUPPLY: 90.— 130 volits, 60 cycles (internally regulated).

TRANSPORTATION
PUBLIC SAFETY
INOUSTRIAL

The Type 207-A Univerter was designed to
provide additional frequency coverage of
commonly used intermediate and radio

INTERNATIONAL

BROADCASTING frequencies and enables the modulation
and attenuation calibration features

of the 202-B to be utilized at these

6 MC

AMATEUR
lower frequencies.

AM
BROADCASTING

MC

AERONAUTICAL
MARITIME

RADIO
NAVIGATION

MOBILE

Write for CATALOG "'J”

% an PRICE: $345.00 «\2«"; -—\\j

 BOOATON N-Js USA-\, A F.O.B. Boonton, N. J. Sz 5 2
fee = e e :'=.,...;§: s : ek e A -
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Bell Labs research team, G. L. Pearson
{physicist), D. M. Chapin (eagineer) and
C. 8. Fuller (chemist) who invented the
colar batiery check samples for photo-
electric efficiency

sufficient size may be installed to
keep the storage battery charged.
This solar battery would probably
have from three to five times the
energy of one required for service
under continuous illumination.

At a recent demonstration, the
solar battery was used to power a
portable transistor f-m trans-
mitter and turn the motor to run a
toy Ferris wheel,

Two-week exposure in tropic test chamber at Signal Corps Engineering Labs,
For Monmouth, H. J. has left untreated leather case covered with funqus. Specifica-
tions for manufactured equipment now reflect experience of tests.

Fungi Attack Army Equipment

DAMAGE by fungus to electronic
equipment and carrying cases has
been reduced to a fractien of that
suffered during the war. Tests in
the mycological laboratory at Fort
Monmouth under precision control

of temperature and humidity are
likely to reduce the deleterious
effects of fungi still further.
Conditions in the South Pacific
area gave similar results.
A test room ten feet long and

Electronic Store Dick

California market owner has installed three small television camzras (like that near ceiling at right) to scan 22.000 square feet of
floor area. Shoplifters can be dstected by viewing displays on three receiver screens (at left), Each camera is suspended four feet
below ceiling and can he completely rotated or turned downwards at 45 degrees. Conirols are located at the receivers

198
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HOW FUNCTIONAL
CAN YOU GET?

Need a sine-cosine pot?...or one
that will solve Yy = x2 + VX...
or do you desire those dreamy
curves above?

Whatever your need...there’s a
HELIPOT* precision potentiom-
eter to put out the curve you
want . .. to do computations for
you...or to compensate for in-
equalities of input.

Small or large...continuous-rota-
tion or multi-turn...single units
or ganged up to 25 sections (and
each can produce a different func-
tion) on a common shaft. You get
an extremely wide choice of re-
sistances...with extremely close
conformities...and a choice of
mounting styles. Helipot makes
non-linear potentiometers to
your exact specifications.

*REG. U.S. PAT. OFF. 346

ELECTRONICS — June, 1954

Helipot’s manufacturing meth-
ods also afford you the widest
choice of coil-winding techniques
for functional potentiometers.

If the curve you need is most
precisely and economically re-
produced by spacewinding on a
copper mandrel . .. by a shaped
card . .. by padding and tapping
...or by a combination . .. come
to Helipot first!

And, of course, we have non-
linear HELIPOTS in a variety of

THe
y u&m ) b

X
IR

Helipot Corporation/South Pasadena, California
Engineering representatives in principal cilies
a division of BECKMAN INSTRUMENTS, INC.

www.americanradiohistorv com

standard functions...available
for prompt delivery.

Write for detailed information
and specifications of HELIPOT
functional potentiometers.

Ask for Data File 602

14-gang Series YN non-linear HELIPOT

o
I p 0 T first in precision potentiometers

B

BECKMAN
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five feet wide can be operated at a
temperature of 82 F and relative

humidity of 95 percent. In this
muggy climate, harmful fungi
flourish.

The Signal Corps is interested in
the general type of fungus known
as saphrophvtic, which utilizes dead
organic material such as cellulose,
leaf mold, dead insect bodies and
other matter as nutrient. Other
food sources include untreated
leather (used in pole climbers’
safety belts and field telephone
cases). Web carryving straps and
cotton-braid wire and cable insula-
tion are also vulnerable.

While fungi are unable to obtain
nutrition from glass or metals, they
often spread from adjoining nutri-
ent surfaces and accelerate corro-
sion. The acids produced by fun-
gus mycelium and alkaline products
of metabolism have bLeen known to
etch glass.

Some of the plastics have a high
natural immunity to fungus dam-
age that make them attractive for
the design of new equipment. After
the effectiveness of fungicidal var-
nishes or sprays and antifungus im-
pregnations has been tested, equip-
ment specifications for Signal Corps
materials are included in contracts.

Radio Controls Traffic Signals

AUTOMATIC CONTROL of traffic lights
by emergency vehicles has been
accomplished with a device called
NATECS, developed by North
American Aviation, Inc. at Downey,
Calif.

In the experimental system, a
small radio transmitter mounted on
the emergency vehicle activates re-
ceivers connected to traffic light
controls. The warning signal causes
all lights a quarter of a mile ahead
to turn ved for fifteen seconds.
After the emergency, regular tim-

CORTROL TRI0DE

FINAL 1-F . SIGNAL DIODE AND
17
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Noise limiter circuit uses crystal diodes taking advantage of low forward resistance

to improve limiting action

ADVANTAGES of limiting impulse
noise in the i-f system of an a-m
receiver has been pointed out
(ELECTRONICS, p 164, June 1953).
Further development work has re-
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sulted in a new circuit that pro-
vides for better limiting action and
less distortion on all grades of a-m
signals. Restriction of the choice
of limiters to vacuum-tube diodes

www_americanradiohistorv com

ing is re-established.

A somewhat similar device de-
veloped by the Aetco Co. of Downey
has an added feature. When another
fast-moving emergency vehicle is
approaching, a red dashboard light
flashes. This automatic feature is
included to prevent accidents that
might be caused when two emerg-
ency vehicles, each with the same
frequency sirven, approach an in-
tersection at right angles.

Still in the developmental stages,
these equipments are not available.

Bias Control
for I-F Limiters

By NATHANIEL Bishor
Tine, Ine.
Springdale, Conn.

has been eliminated since the com-
paratively low back resistance of
conventional crvstal diodes is not a
factor in the design. Advantage is
taken of the comparatively low
forward resistance provided by
crystal diodes to give improved
limiter performance.

The diagram illustrates the ap-
plication of the circuit to the last
stage of a 5-me i-f strip in a mobile
vhf receiver. Three stages of i-f
are used with delayed ave applied
only to the first two stages. The
bandwidth of the i-f strip is ap-
proximately 40 ke for effective noise

June, 1954 — ELECTRONICS



TIME-TRIED TETRODE

10S GATOS 4D21 /41258

MODERN in every respect—
with exclusive Sintercote black-
body high-dissipation anode and
emission-frce grids—the Los
Gatos 4D21/4-125A provides a
new source of supply for awidely-
applied tetrode type. Check
Los Gatos for your requirements
in other types with emphasis
on long service life.

LEWIS and KAUFMAN, Ltd.

LOS GATOS 1 CALIFORNIA

MINTHORNE INTERNATIONAL CO., INC. THE RADIO VALVE COMPANY OF CANADA. LIMITED

Export Representatives: I In Canada:
15 Mogre Si., N.Y. 4, N.Y., Cable: Minthorne 182 Dufferin Street, Torante 1, Ontario. Canada




EXTREMELY HIGH “0”

insures
minimum frequency
affect
over a wide spectrum

precision
circuitry
n:
Frequency Generators
Analyzer Circuits
Wave Metering Apparatus

Countless Other Electronic
and Industrial Devices

For complete information
on capacitor performance char-

acteristics and recommended appli-
cations, write for Catalog 1117. To get the
help you need for special requirements,
consult Industrial Condenser Corporation’s
highly experienced engineering staff. They
will provide specific recommendations, plus
the design and engineering “know how” to
meet your needs.

[CONOENSER CORPORATION

Operating Characteristics

v

Outstanding

Insulotion resist-
ance at +20° C.
after three minutes
charge: 900,000
megohm micro-
farads

Insulation resist-
once at +75° C.:
78,000 megohm
microfarads

Insulation resist-
once at —75° C.:
In excess of one
million megohm
microfarads

Chonge in capoci-
tonce from +25°
C. to —80° C.:
+0.76%

Self time constont
of 10 mfd. capaci-
tor: 4800 hours

Q at 50 kilocycles:
10,000

Power Factor at |
ke: 0.00025

3249 North California Avenue

Chicago 18, Illinois

SRR
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ELECTRONS AT 'WORK (continued)

limiting and case of tuning in mo-
bile operation.

The values shown, while success-
fully used in one receiver, are sub-
Jject to modification depending upon
the design of the particular re-
ceiver. As in all types of receivers
employing limiters, the gain must
be high up to the point of limiting
or effective limiting will not be pos-
sible when receiving weak signals.

Limiter bias in the original cir-
cuit depended upon the rectified
voltage developed by the limiters
themselves, which in turn tended to
follow the peak of the applied volt-
age at a syllabic rate. Signals with
poor positive-modulation character-
istics failed to provide sufficient
limiter bias to prevent serious loss
of intelligibility. In this cireuit,
however, limiter bias does not de-
pend upon rectification of the limit-
ers but is derived from an inde-
pendent source under control of
the ave system.

Limiter Bias

Bias for the two crystal limiters
is derived from the B+ supply by
the series combination of R,, &, and
R.. Resistor R, also serves as the
plate load resistor of the triode con-
trol tube. Variable negative bias
applied to the grid of the control
tube, therefore, will control the
limiter bias. This variable negative
bias is obtained from the ave circuit
and is fed to the grid of the control
tube through a low-pass filter con-
sisting of R, and C,. To allow ap-
plication of the full range of ave
voltage to the grid of the control
tube and at the same time provide
for optimum bias in the absence of
a signal, a small positive voltage is
applied to the grid to buck down the
ave voltage appearing at this grid
in the absence of a signal.

This adjustment is provided for
by the potentiometer R,, the arm of
which is connected to the control
grid through the 10-megohm re-
sistor R,,. This is usually adjusted
in the absence of a signal or im-
pulse noise and the adjustment is
gaged by a slight diminution in re-
ceiver noise in the output of the
receiver indicating that limiting is
taking place on receiver noise peaks.
When a signal is applied to the re-
ceiver, the bias on the control tube

June, 1954 — ELECTRONICS



-Plain Pointers
on Projection

ONE of the claims we make concerning the
Kodak Contour Projector is that once an
object is brought into focus at any given
magnification it will remain in focus when
magnification is changed. (This frecdom te
change magnification is made possible
through the use of a lens turret, mounting
six lenses, and speeds inspection proce-
dures.) An operator only nced flick a dial
to switch from one magnification to another;
no time is lost refocusing.

Occasionally, however, one of our cus-
tomers writes to question our claim and de-
clares that he has tound it necessary to re-
focus when changing magnification. This
does not upset us. Almost invariably the
difficulty can be traced to the phenomenon
of optics called “depth of field.” This refers
to the distance between the nearest and
farthest points sharply defined by a lens and
is aptly illustrated by the picture below. It
is apparent that when a lens is focused on
one object, other objects—nearer and far-
ther from the lens—may appear in accepta-
ble focus.

One of the characteristics of this phenom-
enon of depth of field is that it decreases
sharply as magnification is increased. This
is equally true when a lens is focused on an
actual object, as with a camera, or on an
image of that object, as is the case with our
contour projector. The result is that when
working at higher magnifications depth of
field is considerably less than when working
at lower powers.

Consequently, it is possible that an object
in focus at 10 power may appear out of fo-
cus when magnification is changed to 100
power, where depth of field is less and the
need for precise focusing correspondingly

-
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greater. Because of this, we recommend that,
when inspecting parts at several magnifica-
tions, the part first be focused at the highest
magnification to be used. This insures focus-
ing within the narrowest tolerances and,
when magnification is changed to a lower
power, the part remains in sharp focus on
the screen. When this recommendation is
followed, complaints on the nced for re-
focusing vanish.

Incidentally, it should be mentioned that
neither focus nor depth of field affects ac-
curacy of magnification with the Kodak
Contour Projector. This remains as rated
irrespective of the precision of focus, thanks
to what our optical people call a telecentric
stop. Which, in itself, is subject for another
in this series of columns.
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Saved...296 pieces

Like many another manufacturer,
the Hoover Company, Canton,
Ohio, has its rejection problems. A
tvpical one involved a flexible, rub-
Ler-like “litter picker” used in its
vacuum cleaners. Although toler-
ances ranged from .085” to .101",
rejects ran as high as 309%,.

To solve this problem, Hoover
employed a Kodak Contour Projec-
tor to measure the parts, plotted re-
sults in accordance with modern
methods of statistical quality con-
trol. Based on these studies, altera-
tions were made in the cutting tool
and the holding fixture for the part.
Rejects dropped from 309, to less

EASTMAN KODAK COMPANY
Special Products Sales Division, Rochester 4, N. Y.

Please send me a copy of your booklet, “The Kodak

Contour Projector.”

NAME

TITLE

Frequency distribution
chartof partsize based
on optical measure-
ment.

Frequency distribution
chart of part size after
too! alterations.
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per thousand!

than Y4 of 1%,. Savings amounted to
296 pieces per thousand.

“Optical gaging with the Kodak
Contour Projector,”’ say Hoover engi-
neers, "‘eliminated incorrect readings
caused by mechanical distortion of the
parts. In addition, optical methods of
measurement proved from 4 to 5 times
Saster than conventional gaging tech-
niques.”

Your own production measure-
ment or inspection problem may
similarly be solved by optical gag-
ing with 2 Kodak Contour Projec-
tor. To find out more about it, send
the coupon for your copy of “The
Kodak Contour Projector.”

COMPANY.

ADDRESS.

CITY.
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operations on
hard, brittle

i
My
iy %

If you perform delicate drilling, shaping and
cutting operations on hard, brittle materials,
it will pay to investigate the “Airbrasive” Unit.
The “Airbrasive” Unit’s tiny, high-speed jet of
gas-propelled abrasive particles makes ex-
tremely fine, precise cuts and does it without
the shock, heat or vibration usually associated
with conventional methods. The process has
proved highly successful in producing many
precision parts and devices.

We'll be glad to advise you on the advantages
of using the “Airbrasive” Unit in your produc-
tion, if you’ll send us a sample part and give us
details of the job you wish performed. There’s
no obligation.

"_._ _ INDUSTRIAL“AJRBRASIVE” UNIT

THE ““AIRBRASIVE'’ UNIT
DOES MANY JOBS

It's been demonstrated that
the Unit can do jobs con-
sidered impossible or im-
practical by previously known
methods, such as:

@ Trimming resistance ele-
ments on printed circuits

® [nternal threading of
glass and ceramic tubing

® Cutting spiral bands on
deposited carbon resistors

® Cutting germanium

@ Drilling fine holes in glass

Bulletin 5307 has de-
tails. Send for a copy.

YA
Tﬂim INDUSTRIAL DIVISION

DENTAL MFG, CO, @

Dept.EB, 10 East 40th St.
NEW YORK 16, N. Y.

Western District Office * Times Building, Long Beach, California
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ELECTRONS AT WORK (continued)

swings negative, thereby increus-
ing the limiter bias as it appears
across R;. Resistors R, and R, iso-
late intermediate frequencies from
the control system,

The time constant of response of
the bias-control system to changes
in ave voltage is established par-
tially by the low-pass filter R, and
Cs in the grid circuit of the control
tube, but to a greater degree by the
time constant of the limiter-bias
circuit consisting of the two minia-
ture 1-uf capacitors C, and C, in
series in combination with the re-
sistors R,, B, and R..

The necessity for limiter-bias
control results from the fact that
few if any receivers have essen-
tially flat ave. If such were the
case, limiter bias could be fixed. The
addition of amplified control of the
limiter bias makes provision for the
fact that the voltage appearing at
the limiter terminals is not inde-
pendent of signal strength over the
wide ranges of input encountered in
mobile service.

Since the bias conditions may be
established for limiting at any de-
sired percentage of modulation, the
system becomes independent of the
modulation characteristics of the
incoming signal insofar as limiter
operation is concerned. In addition,
a continuous series of high-ampli-
tude pulses can increase the bias on
the limiter only to the point where
the control tube is cut off. Hence,
excessive limiter bias in the pres-
ence of such interference is mini-
mized.

Construction

Care must be exercised in place-
ment and shielding of the limiter
components, in particular C,, C,, C,,
the crystal diodes and R, and R, to
prevent feedback in the i-f system.
Excessive coupling between the
primary and secondary of the last
i-f transformer may prevent ade-
quate limiting owing to a reduction
in the primary impedance by the
loading of the signal diode circuit.
A slight detuning of the secondary
of the last i-f transformer will
suffice to handle this situation if a
tightly coupled i-f transformer is
used, without noticeably impairing
the overall frequency characteristic
of the i-f strip. A better solution is

June, 1954 — ELECTRONICS



VAC-TITE® COMPRESSION

To improve the quality of their products
and to keep them competitive cost-
wise, more manufacturers are turning
to HERMETIC SEAL...for headers
for critical applications, airborne use,
maintenance-free operation and for
the arc resistance of glass insulation.

With production and variety increasing stead-
ily, HERMETIC SEAL offers an unparalleled selection
of multi-terminal headers, miniature plugs, individual
terminals, rectangular plugs and connectors of every
shape and size . . . plus condenser seals and crystal
bases. These units are available in VACTITE+ Com-
pression Seals as well as conventional kovar designs.
Try HERMETIC first because HERMETIC has always been
first and foremost in its field.

*VAC-TITE is HERMETIC’s new, vacuum-proof, com-
pression-construction, glass to metal seal. In ad-
dition to special shapes, many standard sizes
such as .800 0.D. and .900 O.D. multi-terminal
headers and a large variety of individual termi-
nals are availablein VAC-TITE Compression Seals.

In addition to those shown, HERMETIC pro-
duces a wide variety of multi-headers with indi-
vidual glass insulations.

Write for samples, data, prices.
We welcome the opportunity to work with
you on special problems.

HERMETIC SEAL
PRODUCTS CO.

HIGH FLANGE BODY NOTCH BODY LOW FLANGE BODY 31 South Sixth St.
0.D. available—1.000, .966, 0.D. available —1.000, .966, Also available with flange re-
900, .800, 750, .600, .500 300, .800, .750, .600, 500 versed. Newark 7, N. J.

0.D. available —1.062, 1.000,
.900, .730, .640, .600, .375

All parts shown available up to 21 terminals depending on 0.D. integral exhaust
tubulation, color codes, alternate términations may also be had. Terminal diameters
up to .093 dia. depending on O.D.

FIRST AND FOREMOST I N MINIATURIZATION
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electrically
mechanically
costwise

Over 5,348 standard Struthers-
Dunn relay and timer types—
each designed for a specific pur-
pose—spell maximum efficiency
and economy for the great major-
ity of applications.

Equally important, more than
30 years of specialization in relays
exclusively, means that Struthers-
Dunn is uniquely fitted to recom-
mend as well as to supply types
that fit your particular applica-
tion like the proverbial glove.

STRUTHERS-DUNN, INC.

STRUTHERY-DUNN

Ney €p 4
4 5 -A
20pcs *348 RELAY TYPES

STRUTHERS-DUNN, INC., LAMB'S ROAD, PITMAN, N. J.

ATLANTA *BALTIMORE *BOSTON®*BUFFALO * CHARLOTTE * CHICAGO * CINCINNATI
CLEVELAND * DALLAS = DETROIT *» KANSAS CITY LOS ANGELES
MINNEAPOLIS » MONTREAL * NEW ORLEANS * NEW YORK PITTSBURGH

ST. LOUIS «» SAN FRANCISCO ¢ SEATTLE *» SYRACUSE » TORONTO
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ELECTRCNS AT WORK (continued)

to reduce the coupling between
primary and secondary to prevent
excessive reduction of the primary
impedance.

Field experience with this noise
limiting system has proved satis-
factory under all conditions of mo-
bile operation. Its performance on
weak signals in the presence of
heavy ignition noise is excellent
owing to the fact that the ave svs-
tem is protected from excessive
noise peaks, thereby preserving
maximum receiver sensitivity in the
presence of high-level impulse noise.
The distortion produced bv this
type of controlled i-f limiter an-
pears to be insignificant in terms of
maintaining excellent speech intelli-
gibility.

Single Tube Square-
Wave Generator

By SvRGI0O BERNSTEIN AND
WILLIAM J. SPAVEN
Government Division

Fada Radio and Electric Co.. Inc.
Belleville, N. J

A RELATIVELY simple, one-tube clip-
per circuit has been designed which
is capable of developing square
waves by properly shaping a sinu-
soidal input waveform.

Basically the circuit consists of a

+400Y

« % L oTPut
INPUT m% T8 500

4-30uuf
I
-400v 229

0| uuf
1«
1t

AMPLITUDE
CONTROL

5687

SYMMETRY

gax 3  CONTROL

K=X1,000

]

FIG. 1-—Generator uses Schmitt trigger
circuit to produce square waves from
sine-wave input

high-speed, cathode-coupled bis-
table multivibrator known as the
Schmitt trigger circuit.

In Fig. 1, the grid of the first
triode V,. is connected to a d-c
voltage source which can be varied
in amplitude. When this voltage is
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SPECIFY

Dependall: Standard

LUG-TYPE, LEAD-THRU
INSULATORS

For condensers, transformers,
other applications requiring volt-
age ratings from 2000 to 4000
{rms.). Compression sealed, super
rugged. Inside or outside mount-
ing; lead wires up to .060

SEALED TERMINALS

SEALED TERMINALS

Featuring cushioned glass con-
struction, high thermal shock re-
sistance. Avoilable in economical
preferred types ond special
designs.

MULTIPLE HEADERS
Vacuum tight, cushioned glass
conslruction. Strain-free, tin
dipped for easy soldering and
silicone trealed for maximum
dielectric strength.

COMPRESSION TYPE HEADERS
Super rugged, cobsolutely rigid,
praclically indestructible multiple
headers. Exclusive E-I develop-
men! oflers greatly increased re-
sislance o shock and vibration.

END SEALS

For condensers, resistors and
other tubular components. Com-
pletely strain-free and provide o
permanent hermetic seal. Stand-
ardized, econamical types.

OCTAL HEADERS

Plug-in and multiple types. Fea.
ture new principle of hermetic
sealing.

COLOR-CODED TERMINALS
Feature glass inserts in standard,
easily identified RMA color
codes. Coloring is in the glass.

EXPORT AGENTS:

THESE

e o

LUG-TYPE, LEAD-THRU
INSULATORS 2

hermetically-sealed
terminations

TO SOLVE DESIGN PROBLEMS
QUICKLY AND ECONOMICALLY!

® MULTIPLE HEADERS

® OCTAL HEADERS

® COLOR-CODED

E-I...Your headquarters for hermetically-sealed
multiple headers, octal plug-ins, terminals, color coded
terminals, end seals and lug-type lead thru insulators.
New bulletins are available now on E-I hermetically
sealed terminations. Call, or write on company
letterhead, for the complete engineer-designer file
portfolio including data on all E-I standard types.
Samples of the new STANDARD TRANSISTOR
CLOSURE are available on request made on your
company letterhead.

DIVISION OF AMPEREX
ELECTRONIC CORPORATION

*PATENT PENDING
ALL RIGHTS RESERVED

ELECTRICAL INDUSTRIES

44 SUMMER AVENUE, NEWARK 4, NEW JERSEY

PHILIPS EXPORT CORP., 100 EAST 42nd STREET, NEW YORK 17, N, Y.
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This is a chassis stretcher

... but don't buy it, use Centralab
miniature switches instead

® Reduce chassis crowding ® Widest variety in poles, |

positions and sections .

® Cut down size and weight o .
® Double wiping quiet contacts

e gosis ® One source for all your ;
® Most complete line of switch needs

switches available ® Phenolic (Grade LTS-E5)
® Diameter only 1-5/16" ® Stcatite (Grade L-5).

DON’'T TURN THIS PAGE until you write for
technical Bulletins 42-156 and 42-157.

SERIES 20 — Staked or bolted SERIES 30 — Switch and control I
types.  Available with Steatite or combinations with concentric
phenolic insulation . . . 2 to 12 shafts. Furnished in three types: |
positions ... 30° or 60° positive in- rotary switch mounted forward,
dexing. Steatite is grade L-5, meets control in rear; control in front,
JAN-I-10 specifications. Phenolic rotary switch in rear; two rotary
is grade LTS-E5, JAN P-13. switches operating independently.

A Division of Globe-Union Inc.
914-F E. Keefe Avenue * Milwaukee 1, Wisconsin |
@ [ In Canada: 804 Mt. Pleasant Road, Toronto, Ontario

= }

e_‘:ﬁ \( . @

\ \ \ - @ |
VARTARIF Cramic PRINTED CEPAMIC

RESISTORS SMLICNES) CAFACITORS ELECTRONIC  CIRCUITS INSULATORS

Industry’s greatest source of standard and special
electronic components

ELECTRONS AT WORK (continued)

zero Vi, is nonconducting. The
plate voltage is direct-coupled
through a frequency compensated
voltage divider, R, R, and C, to
the grid of the second triode caus-
ing V., to conduct. When the grid
voltage of V,, approaches a voltage
equal to the cathode potential minus
the grid bias, V,, starts to conduect.
At a slightly higher voltage, a criti-
cal point is reached and regenera-
tion takes place causing a sudden
transfer of current from V,, to V...
In this second state, V., is conduct-
ing and V,, is cut off.

As the grid voltage is reduced no
change in state will occur until the
input voltage approaches a second
critical potential. A regenerative
condition again results, and the cir-
cuit returns to its previous stable
state with V,, cut off and V,, con-
ducting.

Rectangular Wave

By introducing a varying wave-
form at the grid of V,, it is pos-
sible to develop a rectangular wave-
form at the plate of V,,. The signal
to be clipped is coupled to the grid
through a large blocking capacitor.
Any waveform may be used at the
input to provide a rectangular
waveform of constant amplitude at
the output.

With the parameters indicated, a
waveform having a peak-to-peak
amplitude of approximately 5 volts
is required to trigger the circuit.
The input impedance is 1 megohm.
Maximum output waveform ampli-
tude is approximately 20 volts peak-
to-peak. The output impedance
varies from zero to 500 ohms de-
pending on the setting of the ampli-
tude control. A negative power
supply is used so that no output
coupling capacitor is required. This
feature is necessary if long pulses
with perfectly flat tops are to be
obtained. The measured rise time
between 10 and 90 percent ampli-
tude points of the output wave-
shapes is 0.25 microsecond. It is
important that the 3,000-ohm ca-
thode resistor be noninductive. If
a wire-wound resistor is used, the
rise time of the output waveform
will be greater than specified.

Two controls are included in the
design. Symmetry control R,, var-

June, 1954 — ELECTRONICS



Now you can have high precision
dvnamic data recording

s

Rl [imited budget

Priced competitively with inexpensive pen-type record- : 9

ing oscillographs but oﬂ’crinso£ far greater trequency COI]SOlldated S 5 - 1 17

range and improved accurucy, Consolidated’s new low

cost 6-channel Type 5-117 Recording Oscillograph R d' O 11 h
now takes its plucyci in the CEC precision instrument ecor ll]g SCI Ograp
line. Using CEC’s new, improved scries 7-300 galva-
nometers, the 5-117 now brings to industry accurate
dynamic measurement which only a precision, photo-
graphic type recording oscillograph can provide. The
5-117 Oscillograph produces accurate recordings with
flat responsc over the frequency range of @ to 300 ¢ps.
Galvanometers are available for use in the 5-117
which permit strain gage measurements with flat re-
sponse from 0 to 90 cps without amplification. For tull
details about this high-precision, low-cost instrument
write for CEC Bulletin 1533A-X3.

The Consolidated 5-117 Recording Oscillograph fea-
tures a detachable magazine which accommodates 100
foot rolls ot recording paper 70 millimeters wide. An
integral footage indicator shows the remaining or un-
exposed record length. The record is positively driven
through change gears, and any one ol six speeds from
% inch to 24 inches per second may quickly be se-
lected. The CEC Type 5-117 Recording Oscillograph
gives you precision dynamic data recording for the
price of a pen-type recording oscillograph.

Active data channels .
Galvanometers emploved

6 active and 1 static reference trace.
CEC Type 7-200 or 7-300 magnetically
damped types, providing 0 to 300 cps range.

70 mm wide photographic record
paper or film.

Daylight loading, 100 foot capacity.
6 steps from 347 to 24”7 per second.
5 inch lines photographed along edge of

l
I
f
i
I
|
. |
Record material . . |
I
|
!
[ record at 1/10th and 1/100th sccond intervals.
|
!
|
|
|
|
|
|
I

Record magazine .
Record speeds . . .
Time indication .
Record identification . S digit number automatically advanced and
photographed at start of each run.
Recording Switch, Galvanometer llluminator
Rheostat, Power On-Oftf Switch.

Calibrated ground glass screen for initial
spot setting and observation of
galvanometer traces.

Controls

Viewing screen .

“Spot setting” of six CEC Data input from transducers Connectors Individual locking-type connector for cuch
Type 7-200 or 7-300 Galvanom- to the oscillograph is through galvanometer input,

eters is made casy by a cali-  six individual locking-type Power requirement . LIS volt. 60 cycle uc, 90 walls maximum,
brated ground glass screen clectric conneclors on a rear Weivl 5 .

brought into position by swing- panel. Integral 6-foot power _E’S’ 1 24 pounds.

ing a pivoted bracket. cuble is standard cquipment. Dimensions . Width Sv2”—Height 8%2”—Length 1447,

COHSOIidated Eng’ineering ANALYTICAL INSTRUMENTS FOR SCIENCE AND INDUSTRY

CORPORATION
300 North Sierra Madre Villa, Pasadena 15, California Sales and Service through CEC INSTRUMENTS, INC.,
a subsidiary with offices in: Pusadena, Atlanta, Chicago, Dallas, Detroit, New York, Philadelphia, Washington, D. C.
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Singie belt-type 3-speed
record-changer phonomotor

Double belt-type 3-speed
record-changer phonomotor

FIRST CHOICE
of America’s Leading
Record-Changer Makers

There are good reasons why America’s lead-
ing record-changer manufacturers rely on
General Industries to furnish their phono-
motor requirements. Engineering...design...
manufacturing skill . .. dependable, trouble-
free performance. .. a// contribute to the high

quality of GI Smooth Power products.

Each of the above 3-speed record-changer
phonomotors was designed and engineered
by General Industries to meet the specific re-

quirements of a leading national manufacturer.

For complete information about General
Industries phonomotors — for both record-

changer and manual application — write to:

THE GENERAL INDUSTRIES €O.

DEPARTMENT MA +« ELYRIA, OHIO

Turret-type 3-speed
tecord-changer phonomotor,

ELECTRONS AT WORK (continuced)

ies the d-c bias applied to the grid
of V... When a sine wave is applied
to the input grid, it is possible to
obtain an assymmetrical output
waveform, the duty cycle of which
may be varied from 20 to 80 percent.

The amplitude control, R,, varies
the amplitude of the output wave-
form from 0 to 20 volts peak-to-
peak. The device is capable of de-
veloping square waves varying in
frequency from 20 to 200,000 cycles.

FIG. 2—Output waveforms obtained
using a 20 cps input (A), 10 kc input (B),
2030 kc input (C) and 200 kc with capaci-
tive loading (D)

Figure 2 shows the output wave-
forms obtained with sine-wave in-
put signals. Effect of capacitive
loading is also shown. DPulses as
short as 1 microsecond can be ob-
tained with a repetition rate of
200 ke.
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Signal Detector for
High Noise Levels

By Scort L. SHIVE

Signal Corps Engineering Laboratories
Fort Monmouth, N, J.

A DEVICE useful for detecting a
small sine-wave signal of known
frequency masked by random elec-
trical noise of relatively high ampli-
tude consists essentially of a gating
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color tube!

in its first TV

Boonton, New Jersey

When RCA was doing ils pioneering research in color television, it needed a very special material

for tube bases. Arc resistance and great dielectric strength were essentlal, as well as resistunce

to heat and atmospheric humidity. PLASKON Alkyd offered these features plus

affording an extremely high rate of production due to its ready
moldability. Under a test potential of 12,000 volts, the
electrical leakage between pins is so low as to be insignificant.
The choice was an obvious one. PLASKON Alkyd molding
material guaranteed a safe, speedily manufactured component.
Why not find out what PLASKON products can do for you?
Our technical stafl is ready at all tinies to discuss your
problems, help vou find the right preduct for your needs.

Write today for information or call your nearest Plaskon Man.

ELECTRONICS — June, 1954
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WASKA®

For further information on PLASKON plastics and
resins, address Barrett Division, Allied Chemical &
Dye Corporation, 40 Rector Street, -

New York 6, N. Y. Whitehall 4-0800 /%"

- {  hemical

Molded by Mechanical Institule
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® Insulation of antenna structures
is a field pioncered by Lapp. The
first insulated broadcasting tower,
erected more than 30 years ago, was
on Lapp insulators. Today, most

of the world’s radio towers are
supported by Lapp insulators—
including the tallest guyed mast ever
built, more than 1200 feet high.

Through the Lapp “compression
cone,” immense loads can be carried
by electrical porcelain—single Lapp
base insulator units of the type shown
here having been design-tested to
strengths in excess of 3,500,000 lbs.

Write for description and specification
data on units for any antenna
structure insulating requirement.
Lapp Insulator Co., Inc., Radio
Specialties Division, 226 Sumner
St., Le Roy, N. Y.
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INSULATORS

ANTENNA TOWER
INSULATORS

)

TOWER FOOTING
INSULATORS FOR
SELF-SUPPORTING
RADIATORS

MAST BASE

RADIO GUY
INSULATOR

ELECTRONS AT WORK (continued)

circuit which alternately presents
high and low impedance for equal
periods of time to the source. When
the frequency of the switching
coincides exactly with the frequency
and phase of the signal, the signal
voltage is rectified and appears as a
d-c component, with an average
value proportional to signal level.
It may be detected by placing a d-c
ammeter in the line carrying the
signal-plus-noise currents.

Although the rms value of the
total noise-voltage spectrum may be
many times greater than the rms
value of the signal, noise voltage
components existing at any fre-
quency other than exactly that of
the switching frequency will pro-
duce no net average direct current.
The frequencies to which the d-c
meter will respond determine the
bandwidth of noise voltages above
and below the switching frequency
which may produce meter oscilla-
tion.

RECTIFIED

ADNITTANCE SIGNAL

“~SIGNAL

FIG. 1—Rectified signal resulting from
combination of a-¢ signal with square
admittance wave of detector circuit

For example, if the meter re-
sponds to frequencies from zero to
5 cycles per second, then noise volt-
ages in a frequency band 5 cycles on
either side of the switching fre-
quency may produce oscillatory
meter response. However, the
meter may be damped to any de-
sired degree and made to respond
to no frequency greater than a
small fraction of one cycle per
second. In this sense the circuit
may be considered to be an ex-
tremely selective detector circuit,
or a filter circuit with extremely
narrow band response whose center
frequency may be varied over any
desired range by changing the
switching frequency, and whose
bandwidth of response may be con-
trolled to any desired degree by
regulating the meter damping.

One form of gating circuit for
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* Reliable

Vanquish vacuum tubes in compﬁfer circuits
AFTER 3000 GRUELING TEST HOURS

NOT A SINGLE FAILURE! More than 200 of Radio Receptor é oo
Co.’s PNP diffused junction transistors, Type RR87, are giv- D e
ing tangible cvidence they are really reliable. All the original i
units are still performing after 600,000 transistor hours in a - _ % N -
computing machine development project now underway at one bl i
of the country’s largest rescarch centers. N
RR-87 - D_N

‘Where short-lived vacuum tubes used to conk out one by onc

RR-87
at a prohibitive rate, tiny RRco. transistors are proving their
1 g

life-span far excceds the bulky tubes in {lip-flop, gates and other
pulse circuits. What's more, these efficient transistors are
L >

“potted” in sub-assemblies, not removeable from the computer 10
mechanism except as a unit. They lave to be good! | (
AN
When the RRco. trademark appears on transistors, diodes ¢
or selenium rectiliers you can always be sure they are really + AAA—
reliable . . . il you'd like guidance from our engineering group TYPICAL CLAMPED FLIP-FLOP CIRCUIT

specializfng N transistor circuitry, just write us now.

bl

Another RRco. computer transistor recently
developed is Type RR83. Ask for complete
information regarding this as well as RR87.

=
‘- »

ELECTRONICS
SINCE 1922

RADIO RECEPTOR COMPANY, INc.

Seletron and Germanium Division

SALES OFFICES: 251 WEST 19th STREET, NEW YORK 11, N. Y., WATKINS 4.3633, FACTORIES IN BROOKLYN, N. Y.
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PROTECTED UNDER STODDART PATENTS

to 3000 mec!

TURRET ATTENUATOR featuring “PULL-TURN-PUSH” action

I -

1 ‘SINGI.E “IN-THE-LINE”

i

214

ATTENUATOR PADS

and

50 ohm COAXIAL
TERMINATION "

-

STODDART AIRCRAFT RADIO Co., Inc.

6644-A Santa Monica Blvd., Hollywood 38, California - Hellywood 4-9294

FREQUENCY RANGE:
de to 3000 mc.
CHARACTERISTIC IMPEDANCE:
50 ohms
CONNECTORS: -
Type “N’" Coaxial female fittings each end
AVAILABLE ATTENUATION:
Any value from .1 db to 60 db
VSWR:
< 1.2, dc to 3000 mc., for all values from 10
to 60 db
<1.5, dc to 3000 me., for values from .1 to
9 db

ACCURACY:
+0.5 db

POWER RATING: o
One watt sine wave power dissipation

Send for free bulletin entitled
£ . ”»
Measurement of RF Atienuation
.
Inquiries invited concerning pads or
turrets with different connector styles

ELECTRONS AT WORK (continucd)

single frequency detection consists
of the mechanically driven com-
mutator. Driven at a speed equal
to one-half that of the signal to be
detected, the commutator presents
an open circuit for one quarter
revolution and no current flows
through the ammeter. For the next
quarter revolution the commutator
presents a short circuit and current
flows through the ammeter limited
only by the source impedance. Since
current can flow only for alternate
half cycles of the signal, half-wave
rectification of the signal occurs
and is evidenced by a net average
d-c reading on the ammeter propor-
tional to signal voltage amplitude.
The signal voltage to be detected
i$ a sine wave alternating at the
switching frequency, and the re-
sulting current is equal to the prod-
uct of the sinusoidal signal voltage
wave and the zero-based square ad-
mittance wave as shown in Fig. 1.

D-C Components

A d-c term, equal to the value of
the rectified signal voltage, results
only from the product of the signal
voltage and the fundamental of the
admittance wave, because the prod-
uct of two sine functions contains a
constant, or d-c term, only when the
frequencies are identical. How-
ever, because of the harmonic con-
tent of the admittance wave, small
d-c currents may result from the
products of the harmonics of the
admittance wave with components
of the noise voltage existing at
those same frequencies. Such d-c
currents, however, will be extremely
small because any single frequency
component of a random noise volt-
age is theoretically infinitely small,
but low frequency voltages within
the response band of the d-¢ meter
will be produced by the combined
sum of noise-voltage components
within that narrow frequency band
around each of the specific har-
monic freauencies of the admit-
tance wave. These low-frequency
voltages will produce random fluc-
tuations of the d-c ammeter. The
produects of higher harmonies of
the admittance wave and noise volt-
ages of those higher frequencies
will give rise to progressively lower
amplitudes of fluctuation voltages,
however, because the amplitude of

June, 1954 — ELECTRONICS



Clevite Germanium Diodes
CARTRIDGE TYPE

IN34 IN65 IN98 IN147
IN34A  IN66 IN99 IN174
IN38 IN67 INI00 IN190
IN38A  IN67A  INIO0S 4A
1N48 1N68 IN107 4B
INS1 IN68A  INI108 4C
1N52 IN69 IN109 4D
INS54 IN70 INI1O 4E
INS4A IN72 INI1II1 4F
INSS IN7S INI112 4G
INSS5A NSt INTI3 4H
INSSB IN86 IN114 41
IN56 IN87 INI115 4)
INS6A  INS88 INIL16 4K
IN58 IN89 INIL17 4L
INS8A  1N90 IN118 4M
IN60 IN9S IN124 4N
IN63 IN96 IN132
IN64 IN97 INI33
“DIOMITE” BEAD TYPE
DIN34 DiIN6S DINIOE 1IC
DIN34A DIN69 DINI09 1D
DIN48 DIN86 DINII6 1E
DINSI DIN88 DINI117 IF
DiIN54 DINS0 DiNI1I8 1G
DINS4A DIN9S DINI74 IH
DINS6é DIN9 1A 1¥

DINS6A DINI07 1B

"MICROTEMP” DIODES
MIN38 MINSSB MING68A MINIO8
MIN38A MINS8 MIN70 6A
MINS4A MINS8A MIN75 6B

MIN5S MIN63 MINS8I

MINSSA MIN67 MINI107
SPECIAL CASE TYFES

SIN39 IN188 INI189 5B

For data sheets and complete information
on CLEVITE transistors, diodes and tran-
sistor test sets, write Dept. E6.

Only Clevite Germanium Diodes
are available in 127 types!

Cartridge —Bead—Can—Special Case Types—For All Applications

Nowhere else can you get this wide range of diode types — suitable for
so many applications! Basically point contact or junction¢rystal rectifiers,
CLEVITE Germanium Diodes offer numerous advantages over conven-
tional vacuum tube diodes — including extremely long operating life and

- no filament or heater power requirements. )

CLEVITE DIODES Offer All These Features!

@ Universal Lead Mounting

@ 30 different pigtail iead mounting positions on cartridge types permit
design versatility and easy installation — at no extra cost!

@ Positive Electrical Stability through precious metal electro-bonding
e Advanced Hermetic Sealing

@ Provides moisture resistance and wide ambient temperature range op-
eration at full ratings

@ Uniformly Low Inter-Electrode Capacitance
® Micro-sized — Precision Tested — Rugged

LOW COST — HUNDREDS OF APPLICATIONS

As Rectifiers — Detectors — Discriminators — Limiters — Multipliers
— Modulators — Switches — and many new, important uses that are
being discovered daily! i

TRANSISTOR PRODUCTS, Inc.

TELEPHONE: WALTHAM 5-9330
CABLE ADDRESS: TRANSISTOR
CODES: UNITED TELEGRAPH-HOUSE

TRANSISTORS .
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DIODES

241-257 GRESGENT STHEET, WALTHAM 54, MASSACHUSETTS

y AN oPERATING LNIT OF CLEVITE CORPORATION

. SEMI-CONDUCTOR MEASURING EQUIPMENT
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Subject: solder

As far as cosl is concerned, solder is a relalively
smali item in any manufacturing operation.
But solder does a hig job. You should have

the hesl solder you can bhuy ... Federated solder.

FFor printed circuits — Federated CASTOMATIC
har solder, the machine-cast solder
with no dross, with wnijorm composition
throughout each bar.
For joining work — Federated Rosin Core
(RTS 200) wire solder in all
commercial gauges and compositions.

Thoto cuurtesy Photocireuits Carp.. Glan Cove, N.Y.

Federated Metals Division

AMERICAN SMELTING AND REFINING COMPANY
120 BROADWAY, NEW YORK 5, N. Y.

In Canada: Federated Metals Canada, Ltd., Toronto and Montreal RN

Aluminum, Magnesium, Babbitts, Brass, Bronze, Anodes, Zinc Dust,

Die Casting Metals, Lead and Lead Products, Solders, Type Metals
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ELECTRONS AT WORK (continued)

any of the square wave harmonics
is inversely proportional to the
order of the harmonic. Fluctuation
voltages due to all harmonics of
the admittance wave except funda-
mental may be eliminated by a low-
pass filter in the ammeter circuit
cutting out all noise-voltage fre-
quencies above the signal frequency.
The harmonics could also be elim-
inated if the admittance-time func-
tion were a perfect sinusoid instead
of a square wave,

If only the sine-wave signal volt-
age and the square pulsed admit-
tance wave with base on the zero
axis are considered, the damped
ammeter which reads the average
of the product of these two func-
tions could be taken to indicate one
point on the cross correlation curve
of the sine wave and the square
wave of this specifie type. If the
signal frequency shifts phase slowly
and continuously with respect to
the switching frequency, the am-
meter reading relative to the phase
represents a plot of the cross corre-
lation function.

b-¢
AMMETER
[sionaLPLs |

| WOiSE souReE |
0

r——( THYRITE

L= s AL
suppLY  DRIVING SOURCE

THYRITE |

[

[ sicnaL pus. |
NOISE SOURCE [

(8)

FI1G. 2—Detector circuit using thyratrons
(A) and thyrite resistors with bias
source (B}

The magnitude of the average d-c
current for a given a-c signal volt-
age and given maximum circuit ad-
mittance is greater for a square
wave admittance-versus-time func-
tion than for any other wave shape.

An electronic gating circuit
which provides the desired off-on,
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Stable Microwawe Oseillatie

S

For complete inf>rmation,
see your LFE engineering
representative or write —

ABORATORY for ELECTRONICS, INC.

75-3 PITTS STREET o BOSTON 14, MASS.

| Sw 2

PRECISION ELECTRONIC EQUIPMENT o OSCILLOSCOPES o MAGNETOMETERS o COMPUTERS SOLID DELAY LINES
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' ANOTHER PROBLEN SOWED by Febolar Rivet

J
e
Vi ﬂ%/%

CTRONICS COMPANY

RE: ELE

i 1
Moblm Set three rivels gimultaneously

- . eiapngular pattern:
g [ trlangSpace Between Rivet Heads

.015 and .218 — Rl\:et
Head Diameter: .281 W;;k:
Rivet Length: G — "
gtack of 13 components

L

Qur style 203 Machine with speciall: |
designed rivetl cutoff and tube. t‘ypers
delivery to gpecial rivet position
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ELECTRONS AT WORK (continucd)

Square wave, admiftance-versus-
time characteristic, is shown in
Fig. 2A. The a-c¢ driving signal
applied to the primary of the trans-
former builds up potential between
plate and cathode in the two thyra-
trons in series with the transformer
secondary. When the potential is
in the forward direction they ionize
and become conducting at a rela-
tively low voltage and remain so for
virtually the duration of that half
cyele. When the potential across
the tubes changes from the forward
to the reverse direction, the tubes
extinguish and remain so for the
duration of that half cycle. During
this process, the admittance of the
cireuit, as seen between points X
and Y, is zero during the half cycle
that the tubes are extinguished and
relatively high during the half
cycle that the tubes are conducting.
The grids of the thyratrons, instead
of being tied to the plates as shown,
may be separately driven by a timed
pulse to insure simultaneous ioniza-
tion of both tubes.

The thyratrons in this cireuit
may be replaced by any rectifier
elements including vacuum tubes
or solid-state devices ccnnected in

. 4

S_—

Robot Controls Aircraft

Electrical brain called automatic master
sequence selector (AMSS) developed by
Minneapolis-Honeywell for the Air Force
memorizes flight plan and takes over
routine normally performed by human
pilot. The previously determined {light
plan, for which information is obtained
by sensing pins making contact through
punched holes in paper tape, is fol-
lowed. A plane under its control can fly
along a radio beam or the pilot can take
over absolute control in an emergency
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RMC HIGH VOLTAGE DISCAPS ° '
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i
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ISP 181-680 1200-K %" +20% GMV
681-1000 HI K %" GMV
mOX
5-KV
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factor required in deflection yoke or special 57-180 N-1500 | %" | 5-10-20% GMV
. . 3 = 2 181-240 N-1500 4" 5.10-20% GMV
electronic applications. These RMC high 241.330 N.1500 | 7% | 5.1020% Gmv &
valtage DISCAPS are rated at 200C, 3000, 1KY
4(DO, 5000, and 6000 VOltS DC. ':':.:{ 5-68 N-1500 7" 5_]0_20% GMV
- - - o - - V" - -
Now available in any capacity ketween o W 15005 784 |1 2-TER20rbENY
5 MMF and 10000 MMF, their smaller size — S 'Kvs/” o o
- o ey . - - 8 -~ - (o] M
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If vou want proof that DISCAPS are the out- % Oé'KVJ/ - % :
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standing .ceramlc‘ canacitors erte.Ub about - 21-100 N-1500 %" 10-209, GMV
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RADIO MATERIALS CORPORATION

DISCAP
e A GENERAL OFFICE: 3325 N. California Ave., Chicago 18, m.

CAPACITORS

_ AN \TT

DISTRIBUTORS: Contact Jobbers Sales Co., P. 0. Box 695, Fairlawn, N. .
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new/

Integral core and
coating design

tohm

FIXED WIREWOUND POWER RESISTORS

OUTPERFORMS ALL CONVENTIONAL

POWER RESISTORS

® Higher Wattage Ratings — smaller sizes

® 25 % lighter in weight

® 350°C hot spot operation

® Closer Tolerances — to 1% (5% standard)

©® Better heat conductivity

® Exceptional resistance to thermal shock
® Designed to MIL-R-10566 specifications

New Shallcross Castohm power
resistors surpass all previous

P standards for high wattage fixed

power resistors. Thoroughly
tested and designed to MIL-R-
10566 specifications, Castohms of-
fer unique opportunities for saving
space and weight while improving
the reliability and efficiency of
modern industrial and military
equipment. Specifications on all
types from 8 to 225 watts are yours
for the asking SHALLCROSS
MANUFACTURING COMPANY,
522 Pusey Ave., Collingdale, Pa.

hallcross

ELECTRONS AT WORK (continued)

series such that they are both in
the same direction relative to the
driving voltage and both have ap-
proximately similar impedance-
voltage characteristics.

Virtually any device with a non-
linear impedance-voltage character-
istic, not necessarily a rectifying
device, might be used by the intro-
duction of a d-c bias voltage source.
A circuit utilizing nonlinear ele-
ments, such as thyrite, with sym-
metrical forward and reverse
impedance chavacteristics, is illus-
trated in Fig. 2B. In this circuit,
the battery furnishes a constant
bias voltage across the thyrite ele-
ments, and the a-c¢ driving voltage
superimposed upon this bias, raises
and lowers the unidirectional po-
tential such that the impedance of
the elements is alternately lower
and higher. The admittance of the
circuit alternates and selective rec-
tification of the signal voltage will
result.

VHF Transistor Oscillators

By H. EE. HOLLMANN

L. S, Naval Air Missiles Test (enter
Point Mugn, Calif

THE DUAL OF a conventional vacuum
tube is the positive-grid or retard-
ing-field tube at an aperiodic condi-
tion of operation’. The conven-
tional tube is based on an electro-
static control of its space charge
around the grid and the positive
grid tube exhibits a control of the
current distribution and has a cur-
rent gain «, = —1.

The positive-grid tube is a per-
fect example for an ideal transistor
that, with semiconductors, can only
be approached to a degree. The
analogy between transistors and re-
tarding-field tubes is so complete
that the latter can be measured and
investigated in transistor testers®.
The ideal form, however, results in
the fact that the positive-grid tube
is characterized only by a single
parameter, input impedance, in-
stead of a multiplicity of transistor
parameters.

Only under peculiar conditions of
operation can the alpha be less or

June, 1954 — ELECTRONICS
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for High Power Pulsed Modulators

for High Power Electron Tube Protection

Hydrogen Thyratrons

ML-5949/1907 - ML-5948/1754

Hydrogen Thyratrons answer the need for high speed switching
of high peak power combined with simplified circuitry:

zero bias . . . broad hold-off voltage range . . . extremely

rapid change from non-conducting to conducting state . . .
broad ambient temperature range.

| Typical Operation

ML-5949,/1907 ML-5948/1754

Plate voltage, forward,epy ... . .. 25 25 KV max.
Plate voltage, inverse. . ........ 5 5 KV max.
Peak current, ib............... 500 1000 amps max.
Pulse repetition rate, prr....... 450 360 pPPS

Pulse duration (nominal) . ... .. 2.0 25 usec

epy X prr X ib*. ... ... ... 6.25 X 109 9.0 X 107

* epy X prr X ib is the product of maximum forward plate voltage by pulse
repetition rate by maximum pulse current. The maximum limit is deter-
mined to hold average tube dissipation to a reasonable maximum value.

Protective Circuits Described
Hydrogen thyratrons as high speed shunting switches are described
in Cathode Press, Vol. 11, No. 1, 1954. Write for a copy.

For complete data write to:
MACHLETT LABORATORIES,
Springdale, Connecticut

INC.

ELECTRONICS — June, 1954
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STAINLESS STEEL FASTENINGS
by Anti-Corrosive

@game

e

‘S 6 PROPERTIES YOU NEED! Whether it’s strength,
non-magnetic quality, resistance to corrosion, abra-
sion or high temperatures, Anti-Corrosive has your
fastening answer — made to the closest of specifi-

cations!

AVAILABILITY!
as #0-80, Anti-Corrosive’s IN STOCK inventory of

more than 9,000 varieties and sizes of stainless steel

From machine screws as small

fastenings means immediate delivery of your re-

quirements! Streamlined special order service, too!

@ LOWER COST! Superior production capacity and

know-how means lower costs, helps you stay within
production budgets!

Write for FREE Product List 541 —
lists complete range of items, sizes and
analyses available from stock or by spe-
cial order.

ANTI-CORROSIVE
METAL PRODUCTS CO., INC.

Castleton-on-Hudson,
New York
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ELECTRONS AT WORK (continucd)

greater than one, namely if electron
oscillations or secondary emission
oceurs,  On the other hand, an im-
perfect retarding-field tube, such as
a pentode with imperfect satura-
tion, simulates junction transis-
tors and requires some additional
parameters.

Retarding Field

With this analogy in mind, almost
all transistor circuits can be simu-
lated with aperiodic retarding-field
tubes as in the Hartley oscillator”’,
and the transistor audion’.

Retarding-field tubes exhibit a
peculiar phenomenon that is not
possible in present transistors,
namely the electron-oscillations
around the grid. Their frequeney
is determined by the Barkhausen

FIG. 1—Simple circuit uses internal os-
cillations of transistor to reach very-
high frequencies

relation »* V, = K or /1. = K,
where V, denotes the positive-grid
potential. Extending the analogy
into the transit-time region where
the transit time of the charge car-
riers determines the performance of
the tubes as well as of transistors,
it can be seen that a type of in-
ternal transistor oscillations is to

June, 1954 — ELECTRONICS
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NEW ACCURACY

SIZE #10 SYNCHRO SERIES...

THESE PHOTOS
REPRESENT ACTUAL SIZE

SYNCHRO PROGRESS

Year Error Spread Weight Cost
1917 6° 5 Ibs. ? Marks
1934 6 10 oz $65.00
1941 22 5 oz $20.00
1944 20’ 5 oz $35.00
1954 10 1% oz. $25.00
Coming 5 5 o1 2
Coming 15 1Y4 oz. ?

¢ L

CLIFTON PRECISION P

CLIFTON HEIGI ‘

ELECTRONICS — June, 1954

The same engineering team that
designed and put into production
the Size #15 high precision synchro
ten years ago now has in production
their Size #10 synchro series of
equal accuracy at less than half the
size and weight,

At a saving of 3.2 ounces and
almost 2 cubic inches and at com-
parable cost, we guarantee in our
new 0.937” diameter series to equal
or better the accuracy of current
1.437” diameter units.

For full engineering information, draw-
ings, electrical characteristics, efc., vol- |
ume and experimental quantity prices,
write or telephone A. E. Hayes, Sales
Department, Clifton Heights, Penn-
sylvania. Telephone (Philadelphia)
MAdison 6-2101.

CTS COMPANY, INC.

ENNSYLVANIA
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measuring

re-trace time
assures

;LYBAGKS designed to your

exact specifications —

built for EXTRA years of trouble-free performance.

FAST SERVICE

on your requirements: Heppner has

i 2 airplanes and 6 pilots in the

Sales and Engineering Departments.

P R I N O R R

SPECIALISTS IN ELECTRO-MAGNETIC DEVICES

Representatives: John J. Kopple

H E P P N E R e e

R.R. 1, U.S. 27, Coldwater Rd.,
Ft, Wayne8, Indiana

tev. M. Cochrane Co. .
408 So. Alvarado St., Los Angeles, Calif.

James C. Muggleworth
MANUFACTURING COMPANY

506 Richey Ave., W. Coltingswood, N. J.
Ralph Haffey

Round Lake, [llinois (50 Miles Northwest of Chicago)

Phene: 6-2161

ELECTRONS AT WORK (continued)

be expected even il they are hased
on a different mechanism.

A significant difference between
the retarding-field oscillator and
self-oscillating transistors must be
pointed out. Whereas the electrons
themselves represent the resonator
of a positive-grid tube, transistors
incorporate a resonator in the form
of an induced inductance resonat-
ing with the cold transistor capaci-
tances.

To explain the origin of the in-
duced inductance, consider the
Miller effect. In a vacuum triode,
grid voltage and plate voltage are
in phase-opposition so that the dis-
placement current passing the grid-
plate capacitance is superimposed
upon the displacement current
charging the grid capacitance.

&y “

FIG, 2—Cavity resonator transistor os-
cillator operates at frequencies as high
as 350 mc

The result is an effective input
capacitance proportional to voltage
amplification. In transistors, the
opposite phenomenon takes place.
Input and output voltages of a
grounded-base connection are Iin
phase so that the emitter sees the
collector capacitance with a nega-
tive sign or in the form of an in-
ductance. This may be attributed
to a dual Miller effect and, in con-
nection with the cold capacitances,
forms a series-resonant circuit. At
the same time, the transistor may
exhibit such a large a, that the re-
sistive component of the input im-
pedance becomes negative so that
self-excitation of the internal tank
circuit takes place.

Figure 1 shows an extremely

June, 1954 — ELECTRONICS



BASIC 10 CONNECTOR TAPEER-BLOK
WITH DUAL CONTACTS

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

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

Amphenol, Cannon, Continental and
Winchester Connectors now are avail-
able with tapered receptacles for A-MP
self-locking TAPER PINS. Saves over
809%, of your wire assembly time and
provides uniformly higher quality con-
nections at lower cost.

TAPER TAB RECEPTACLE APPLICA-
TIONS

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

ELECTRONICS — June, 1954
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NEW = =

MINIATURE

TAPER-BLOK
For AMP Taper Pins

{(Wire Ranges: /26 to /18)

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

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

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

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

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

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

in Canada—AIRCRAFT-MARINE PRODUCTS, INC. .
1764 Avenue Road, Toronto 12, Ontario, Canada
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%é‘[)lAMOND H' RELAYS

THE HART MFG. (0

HARTFORD, CONN. ®

4PDT RELAY
... FOR HIGHER

o, hio. R115817 - ’
VIBRATION

RESISTANCE

€0
WOHMS  2A 30VDC

wSVDC

g1k

Shown Actual Size

Vibration resistance range of “Diamond H” Series R Relays has been
more than doubled, extending now from 0 to well over 1,000 cycles
per second at 15 “G’s.”

Continuing engineering developments such as this are constantly
broadening the adaptability of Series R Relays for a wide variety of
applications . . . guided missiles, jet aircraft, fire control and detec-
tion, radar, communications, high speed camera, geophysical and
computer apparatus . . . and similar applications requiring positive
operation under critical conditions.

Hermetically sealed, miniature aircraft relays, Series R devices are
basically 4PDT, but are also available in DPDT and 4PDT with two
independent coils, either or both of which will operate the unit.
Available with all standard mounting arrangements, including
ceramic socket for interchangeability. Their design permits unusually
compact grouping and provides a firm bond between relay and
chassis. See us for special arrangements.

In their field still the smallest
and lightest, (1.6 cu. in., 8.76
0z.) combining highest operat-
ing shock resistance (to 50 “G”
and higher ), widest temperature
range (—65° to 4200° C.) and
greatest ability to break high
currents and high voltages, Se-
ries R Reluvs consistently oper-
ate over 400,000 cvcles without
failure at 5 A. and go 3,500 or
more under 30 A.at 30 V., D.C,,
resistive. They carry voltages up
to 300 D.C. at 4/10 A. for more
than 400,000 cycles. With low

contact loading, life expectancy
is 10 million cycles or better.

Operating time is 10 ms. or less;
drop out time 3 ms. or less. Coil
resistances up to 35,000 ohms
are standard; to 50,000 ohms
available for special units. Sen-
sitivity approaches 100 mw. at
30 “G” opcrational shock re-
sistance. Inter-electrode capaci-
tance is less than 5 mmf. con-
tacts to case—less than 2Vommf.
between contacts, even with
plug-in type relay and socket.

Designed to meet all requirements of USAF Spec. MIL-R-5757B,
they far surpass many. Bulletin R-150, giving basic performance
data under varying conditions, is yours on request. Qur engineers
are prepared to work with you to develop variations to meet your
specific requirements. Tell us your needs.

THE HART MANUFACTURING COMPANY

202 Bartholomew Avenue o Hartford, Connecticut
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ELECTRONS AT WORK (continued)

simple transistor transmitter pro-
ducing the described internal oscil-
lations. The transistor is supported
by two precision resistors of 10,000
ohms in the emitter and collector
circuit which stabilize the supply
currents and secure proper operat-
ing conditions. The internal oscil-
lations have sufficient power to per-
mit their frequency to be measured
with a grid-dip meter.

Since the induced inductance de-
pends on transistor parameters, fre-
quency f, varies with the operating
point and in particular with the col-
lector current. The relationship
between f, and I, follows the form-
ula f,°/I. = K, which is the dual
of the Barkhausen relation in that
the collector current replaces the
erid voltage.

With r-f transistors combining a
large «, with a high cutoft’ fre-
quency, oscillations as high as 75
me have been measured. Much
higher frequencies, however, may
be expected if the transistors are
pulsed. Harmonics run as high as
609 me and are utilized to drive a
cavity resonator.

Figure 2 shows a vhf transistor
oscillator whose cavity reaches as
high as 350 me. Frequency modu-
lation is produced by superimpos-
ing a minute modulating current
upon the supply or bias value. For
example, in the 100 mc range, the
output voltage of a record player
with a piezoelectric pickup has been
found to produce a 100 percent
modulation with good fidelity.

REFERENCES

(1) H. B Hollmann.
Analogy of Transistors,
156, Julv 1952,

(2) H. E. Hollmann, Transistors in
Terms of Vacuum Tubes, Tele-Tech. p T4.
May 1953.

(3) H. 5. Hollmann. Transistor Osecilla-
tors, Tele-Tech. p 82, Oct. 1953,

Vacuum Tube
ELECTRONICS, D

Measuring TV Sound
Modulation
By RoBErT F. WOLFSKILL

Commercial Radio Monitoring Co.
Kansas City, Mo.

FREQUENCY SWING or deviation of
a television sound transmitter can
be measured with portable equip-
ment. Required are a good quality
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INTERNATIONAL RECTIFIER

EL SEGUNDO
CALIFORNIA

Applications

from
~60°C to+100°C
AVAILABLE NOW!
INTERNATIONAL RECTIFIER
CORPORATION's newly
developed “RED DOT" series
of germanium diodes with
superior forward and
reverse characteristics at
temperatures to 100°C.

For complete information
on “"RED DOT” high
temperature germanium
diodes to meet your
particular specifications,
write Dept. C

for Bulletin ER-191.

INTERNATIONAL RECTIFIER

Executive Offices: 1521 E. Grand Ave., El Segundo,Calif. - Phone: ORegon 8-628]
Chicago Branch Office: 205 West Wacker Drive: Phone: Franklin 2-3889
New York Branch Office: 501 Madison Avenue- Phone: Plaxa 5-8665
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GOT A JOB FOR
THE WORLD’S MOST
SENSITIVE GYRO?

°

Cut-away view of Gyro GG1

THAT cylinder you see above should
soon be causing a lot of excitement,

. : Specifications of
now that we're permitted to take the

security wraps off. Honeywell

Its name is the Honeywell Integrat- Integrating Gyro GG1
ing Gyro, called HiG for short. To date
we’ve made over 10,000 of these amaz- Pickoff Resolution: Better than
ing gyros. 0.00001 radians of arc.

Their moving parts rotate in a fluid Pickoff Sensitivity: 34 mv/milli-
on a gimbal that is jewel-mounted. Be- radian with 100 ma. excitation ar
cause of this nearly frictionless mount- 400 cps.
ing, the HIG can measure things as Angular Momentum: 100,000 gm
minute as a speed 1/100th that of the cm?/sec.

hour hand on a watch. Rotor Speed: 12,000 rpm.

And it’s so rugged it can do such Gimbal Travel: + 6.0°
precision jobs even after being used as -

a hammer to drive a nail. Output Angle

Transfer Ratio

Up to now, major uses of the HIG Tegaedngle
have been in missile guidance systems Characteristic Time Constant: 0.0028
and in radar stabilization and fine con- seconds.
trol systems. You may have a very dif- Spin Motor Power Requirement:
ferent application of the HIG in mind. If 10 volts, 400 cps, three phase,
so, we'd like to hear from you. The ad- 0.65 amperes per phase.

dress is Honeywell Aero Division, Dept.
658 (I}), Minneapolis 13, Minn. We'll )
be glad to send full details—on the Dimensions: length 6" diameter
HIG, and on our full gyro line as well. 2B

Weight: less than 3 Ibs.

Besides the HiG, Honeywell, a leader
in gyro production, manufactures Ver-
tical Gyros, Cageable Vertical Gyros

and damped and undamped Rate Gyros g By O 5T O
— all available on a mass production Honeywell
basis to industry.

Cenenaitiol, Coitiols-
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ELECTRONS AT WORK (continued)

audio oscillator and a communica-
tions-type receiver, with S meter,
capable of tuning 4.5 mec.

Basis of the technique is the fact
that, depending upon frequency and
amplitude of modulation, the vary-
ing carrier amplitude of a fre-
quency-modulation transmitter
often goes through zero. The par-
ticular application is possible be-
cause a 4.5-mc signal is generated
by the difference in frequency be-
tween the picture and sound carri-
ers of a standard television trans-
mission.

In practice, with both picture and
sound carriers present, there is a
strong 4.5-mc signal in the vicinity
of the transmitter. Frequency swing
is checked by modulating the sound
transmitter with a specified tone
until at a given amplitude the power
in the center-frequency carrier is
all dissipated in the sidebands. The
magnitude of the frequency-modu-
lated center-frequency carrier will
theoretically reach zero when the
peak frequency swing is 2.40, 5.52
and 8.65 times the audio frequency
used to modulate the f-m transmit-
ter.

Receiver Plucement

The receiver should be located in
the transmitter room near the mod-
ulation monitor. The antenna on
the receiver need be only a short
wire five to ten feet long. Receiver
and antenna should be kept away
from the transmitters proper to
avoid picking up signals from
lower-power multiplier stages. The
modulation should be removed from
both the picture and sound trans-
mitters so the 4.5-mc signal will be
at maximum amplitude and as
sharp as possible.

The receiver is tuned to the
center of the frequency where the S
meter will be at maximum reading.
Adjust the r-f gain control or an-
tenna length until the reading is
about 9 to 10 db over S 9. With
either the picture or sound carrier
turned off the S meter reading with
no 4.5 me signal should be near zero
or not more than S 2 or S 3.

The frequency of the audio oscil-
lator is set to 5.2 ke with the output
control of the oscillator at mini-
mum. Slowly increase the output
of the oscillator until a minimum

June, 1954 — ELECTRONICS



You can simplify purchasing . . . improve design . . . speed production

with [Mroved “” Illl[l:l[l aminates

Only C-D-F, the Continental-Diamond Fibre Company,
makes Dilecto laminated plastic, just as only Cadillac makes
a Cadillac. Dilecto is 50 different materials with more com-
binations and variations in desired properties than we can
tell you here.

But Dilecto has three important qualities that you should
think about if you buy, design, or machine laminated plastics.

DILECTO HAS HIGH MECHANICAL STRENGTH
Mechanical strength is frequently an important determining
factor in the sclection of an insulating material. Insulating
parts used in large electrical power equipment are frequently
bulky. The high mechanical strength of Dilecto helps reduce
size-dimensions of insulating parts without danger of failure.
Instruments, meters and small motors frequently require very
small insulating parts which must withstand comparatively
large mechanical stresses. Insulation for use in high frequen-
cy circuits should have a minimum bulk factor for minimum
diclectric losses. Dilecto fulfills these requirements with a
combination of high mechanical strength and low loss factor,
characteristic of the better C-D-F electrical grades.

So C-D-F selects for your Dilecto insulation grade the
correct, highest quality base material, paper, cotton, nylon,
glass. These are used in combination with improved pene-
trating resins: Improved Phenolic, New Melamine, New Sili-
cone, New Teflon, all synthetic, well polymerized resins.

Both the base and the resin are good insulators by them-
selves. But C-D-F sells them to you in an improved, practical
form . . . Dilecto. Uniform sheets, tight tubes, strong rods,
close tolerance machined and formed specialties, high bond
strength metal clads.

Why does Dilecto combine so well mechanical strength
with dielectric strength and dimensional stability? Because
Dilecto is almost homogeneous, a true blend of resin and base.

DILECTO IS ALMOST HOMOGENEOUS
A poor laminate absorbs moisture at its edges, loses its
insulating properties fast. Entrapped moisture and other
volatiles within the cured structure causes inconsistent di-
electric strength, with ultimate puncture and breakdown.

i e

Punch press and bench saw operators know hcw much time
and material is saved when the laminated plas:ic is uniform
and homogeneous in nature like Dilecto.

ELECTRONICS — June, 1954

DILECTO IS IMPROVED

Yes, C-D-F Dilecto is an improved laminated plastic, due to
high standards and advances in resin and manufacturing
techniques. It is watched by skilled workers in our modern
plants, checked against rigid standards . . . C-D-F stand-
ards . . . by our quality control people. It is easy to machine,
and the C-D-F shops are doing a booming business in
specialties.

Table 1—Typical Improved Phenolic Laminates
Commercial : : Improved Improve-
designation Resin Filler properties fent

due to:
MEC-5 Phenolic Nylon Insulation re- Filler
fabric sistance ; mois-
. ture resistance
XXHv-20 Phenolic Paper High dielectric Resin and
strength paral- manufac-
lel to lamina- turing
] tions technique
CRD Phenolic Cotton Better ma- Filler
) mat chining
XXXP-26° Phenolic Paper Insulation re- Resin and
sistance; mois- manufac-
ture resistance turing
o technique
C-92 Xylenole Cotton Alkali resist- Resin
- fabric ance
CF Modified Cotton Postforming Resin
phenolic fabric

a All grades are Continental-Diamond Fibre Company.

b Resins have improved penetrating properties and the manufacturing tech-
niques use these properties to provide bLetter impregnation of the filler. Since
thorough impregnation eliminates entrapped meoisture and air, greater mois-
ture resistance and letter dielectric properties are attained. Manufacturing
techniques also provide suitable temperature centrol during the curing stage to
assure uniform quality and optimum property values in the finished laminate.

¢ Xylenol is essentially a dimethyl phenol.

—from Electrical Manufacturing Article “Wider Design Opportunities with the
NEW Phenolics®, Part II.
The next time you
think of laminated
plastics, the name
to remember is
C-D-F Dilecto. The
improved, high
strength, uniform
material that makes
insulation buying
and using more a
science, less a puz-
zle. New grades,
new applications,
new savings are just
part of the Dilecto
success story. Look up the facts in Sweet’s Design File, or
write for catalog. Send us your blueprint for quotation . . . tell
us your design dream...C-D-F wants to work with you.

Q it Disnond b

CONTINENTAL-DIAMOND FIBRE COMPANY
NEWARK 16, DELAWARE
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... for
servo-mechanisms

get the
facts about

PRECISION
POTENTIOMETERS

For prompt service on prototypes that meet your specifications,
get in touch with Gamewell.

Linear and non-linear Gamewell Precision Potentiometers
can be made to meet your exact requirements. And they are
made by a firm with over 98 years of experience in the manu-
facture of precision electrical products.

Write today for a copy of the Gamewell Pre-
cision Potentiometer booklet. It contains a
convenient glossary of terms used in working
with precision potentiometers.

THE GAMEWELL COMPANY

NEWTON UPPER FALLS 64, MASSACHUSETTS

=
PRECISION POTENTIOMETERS

Manufacturers of precision electrical equipment since 1855

ELECTRONS AT WORK (continued)

reading is obtained on the S meter.
At this point the aural transmitter
is being modulated 50 percent or
about 12.5-ke swing. This first null
will appear when the amplitude of
the audio-tone frequency modulates
the transmitter to a frequency
swing equal to 2.4 times the fre-
quency of the audio tone being used,
in this case 52 ke. Since 25 ke
swing on the aural transmitter
equals 100 percent modulation, 12.48
ke will equal 50 percent modulation.

After rechecking the tuning of
the receiver to make sure it is still
peaked on the 4.5 mc signal, set the
frequency of the audio oscillator
to 4.55 ke. Increase the output of
the audio oscillator until the S
meter reaches a null and increases
to a maximum as the output of the
audio oscillator is increased.
Continue to inecrease the output of
the audio oscillator until the S
meter indicates a second null
Slowly increase and decrease the
output of the audio oscillator until
the S meter is at a minimum read-
ing on the second null.

Full Modulation

At this point the aural transmit-
ter will be modulated 100 percent.
In this case where the second null
is being used, the factor to deter-
mine frequency swing in ke is 5.52
times the frequency of the tone
being used. Since the frequency of
the tone in this case was 4.55 ke and
the factor is 5.52, the frequency
swing is 4.55 times 5.52 or 25.2 ke.
Since 25 ke swing equals 100 per-
cent modulation, the modulation
monitor should read 100 percent
under these conditions.

Another test that can be used to
determine 100 percent modulation
is to modulate the sound transmit-
ter with a 10.4-kc tone. With this
higher-frequency tone, the 100 per-
cent modulation condition will be
reached on the first null. However
when using higher audio frequen-
cies, there may be some error in
the reading of the modulation moni-
tor owing to error in the pre-empha-
sis and de-emphasis pads in the
transmitter and monitor. If the
output of the audio oscillator can
be kept constant. the 100 percent
modulation reading can be de-
termined and then the frequency of

June, 1954 — ELECTRONICS
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CLEVELITE®

LAMINATED PAPER BASE PHENOLIC TUBING

Outstanding for many years as the Top Performer, Clevelite is unmatched in its
ability to meet unusual specifications.

Built-in Dimensional Stability, High Dielectric Strength, Low Moisture Absorp-
tion, Great Mechanical Strength, Excellent Machining Qualities and Low Power
Factor make Clevelite Tubing outstanding.

Available in diameters, wall thicknesses and lengths as desired, for Collars,
Bushings, Spacers, Cores and Coil Forms.

¥ ¥ W

Our new Torkrite internally threaded and embossed tubing affords better control
of adjustments in coil forms using threaded cores.

Write for your copy of the latest Clevelite brochure.

WHY PAY MORE? For Good Quality . . . call CLEVELAND!
*Reg. U. S. Pat. Off.

7 CLEVELAND CONTAINE

6201 BARBERTON AVE. CLEVELAND 2, OHIO ¢
PLANTS AND SALES OFFICES at Chicago, Detroit, Memphis, Plymouth, Wisc,, Ogdensburg, N.Y., Jamesburg, N. J. &

ABRASIVE DIVISION at Cleveland, Ohio
CANADIAN PLANT: The Cleveland Container, Canada, Ltd., Prescott, Ontarie

REPRESENTATIVES
Take advantage of our

NEW YORK AREA R.T.MURRAY, 604 CENTRAL AVE., EAST ORANGE, N. J. 3
i . 5. PETTIGREW & €O, SALLE RD,, RD, CONN. 2
Fast Dependable De||very. NEW ENGLAND  R. S. PETTIGREW & CO,, 62 LA SALLE RD., WEST HARTFORD, C

CHICAGO AREA PLASTIC TUBING SALES, 5215 N. RAVENSWOOD AVE, CHICAGO :
WEST COAST IRV, M. COCHRANE CO,, 408 S. ALVARADO ST., LOS ANGELES

ELECTRONICS — June, 1954 231

www.americanradiohistorv.com



Circuit stability

hothering you?

Centralab Printed-Electronic (ircuits!

take YOU off t

® Reduce stray capacities where not
wanted.

® One part instead of 9 or 10.

® Saves up to 80% of soldered
connections.

® Combine capacitance, resistance
and wiring on one plate.

® 100 or 1,000,000 plates all
identical — all tested.

® Save stocking space, ordering,
handling time, and paper work.

® 30 standard plates stocked for
immediate delivery.

® Special plates on order.

“Now!
Dictate a letter for
a complete package of
Centralaly’s technical
sheets on PECs.”

VARIABLE

RESISTORS SHATEHES

232

\. el
wire.
e ~_|

Here's an example of |
Centralab engineering

NEW PENDET

—— a complete pentode detector
and audio coupler circuit that

replaces 9 parts . . . 9 soldered

connections.

There are actually - resistors
and 5 capacitors screened and
fired to a single Ceramic-X
plate Unit is only 191 x 7% x
115" thick. Leads are 214" long.

Trademark —
*Printed Electronic Circuits

A Division of Globe-Union Inc

n 914-F E. Keefe Avenue ® Milwaukee 1, W.Isconsin
In Canada: 804 Mt. Pleasant Road, Toronto, Ontario
®
0]
\ S @ )

PRINTED CERAMIC
ELECTRONIC CIRCUITS INSULATORS
Industry’s greatest source of standard and special

electronic components

ELECTRONS AT WORK (confinued)

the audio oscillator can be lowered
to 1 ke watching the monitor to see
if the modulation-percentage read-
ing changes. This will give an in-
dication of how flat the combina-
tion of the pre-emphasis in the
transmitter and de-emphasis in the
monitor is. To make this test the
output of the audio oscillator must
be flat over the frequency range.

There are some other factors
that must be considered in making
measurements where no modulation
monitor is available and the 50-
percent and 100-percent readings
are to be established on a vu meter.
The pre-emphasis should be re-
moved at the transmitter. If this
is not possible, it will be necessary
to take into consideration the
amount of pre-emphasis at the fre-
quency of the tone being used. Re-
ferring to the standard pre-em-
phasis curve for a time constant of
75 microseconds will give specified
increases in db over the curve
referred to 1 ke.

For example, if the 100-percent
modulation condition is obtained by
using a tone of 4.55 ke on the second
null, it would be necessary to in-
crease the input to the transmitter
about 6.5 db to obtain 100-percent
modulation at an audio input of
1 ke.

Third Null

If oscillator tone is about 2.89 ke
the sound transmitter can be modu-
lated until the third null is obtained
on the S meter. This would give a
reference point on the vu meter for
100-percent modulation, since a tone
of 2.89 kc times a factor of 8.65
(third null) equals 25-ke swing.
Referring to the standard pre-
emphasis curve will show that it
would take about 3 db more signal
from the audio oscillator to modu-
late the aural transmitter 25 ke
(100 percent) with a 1-ke tone than
it takes with a 2.89 ke tone.

While additional nulls will be ob-
tained as the audio oscillator output
is increased, the nulls become less
predominant and it is harder accur-
ately to determine and count on the
S meter. Also the receiver must be
very selective to prevent the selec-
tion of first and second-order side-
bands that occur at about factors of
3.0 and 5.0 times the modulation-

June, 1954 — ELECTRONICS



WILRALAEHSE -

¢ LOW MU, HIGH PERVEANCE
® PLATE CURRENT WITHIN *10%
® COMPACT PHYSICAL DESIGN
® WITHSTANDS 500 G SHOCK

..an outstanding
regulator tube EEETEY T 1000
for DC power

supply units

‘ 900
Ef — 6{3 | YOLUTS|
117,24 AMPS)
1800

Specifically designed as a regulator tube,
Type 6337 features plate current held
within + 10%, and complete absence of
plate current drift. A hard glass envelope
and a button stem that strengthens the
mount, provide high immunity to extreme
shock and vibration. Wide inter-lead spacing
practically eliminates electrolysis. These
and many other special features make the
Type 6337 a tube of utmost dependability
in critical regulating circuits. Czll or write
today for full information.
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CHARACTERISTICS:

PLATE SUPPLY—225 volis TRANSCONDUCTANCE—
BIAS RESISTOR—100 ohms 45,000 z mhos

AMP, FACTOR-2.7 PLATE CURRENT—450 ma
PLATE RESISTANCE—#0 ohm: HEATER VOLTS—6.3 {ACor D()
PLATE DISSIPATION-80 watts HEATER AMPS—7.25

=10

NEW LITERATURE ON REQUEST — Call or write today an
company letterhead for new brochure and dota sheets —
na obligatian.

0 40 80 120 160
PLATE VOLTAGE

CHATHAM ELECTRONICS CORP.

Executive and General Offices: LIVINGSTON, NEW JERSEY
Plants and Laboratories: NEWARK and LIVINGSTON, NEW JERSEY

ELECTRONICS — June, 1954 233



2

COMPETITIVE

Looking for a new plant site?

Many firms have moved to Long
Beach to be close to the concen-
trated markets with a high per
capita purchasing power.

Others are here, near their sup-
pliers, saving time and money in
transportation. Still others are
moving here from congested cen-
ters — to obtain cheaper land for
expansion, room for more efficient
plant layout, and better living and
working conditions.

Here, too, industry avoids
intense and costly competition for
skilled workers — and there is an
excellent pool of skilled labor in
this area.

Other Advantages

There are many other reasons for
locating your plant in the Long
Beach area. Low taxes, cheap utili-
ties, low-cost construction and
operation, and good housing are
some.

Write today for full, free informa-
tion. Inquiries are confidential, of
course.

CHAMBER OF COMMERCE - DEPARTMENT OF INDUSTRY

200 East Ocean Boulevard, Long Beach 2, California

W

ELECTRONS AT WORK (continued)

tone frequency. When using low
modulating frequencies, these
might be counted along with the
first and second nulls unless the re-
ceiver is extremely selective.

Similarly, with low modulating
frequencies the first and second
nulls occur with such a low level
of audio signal that it is difficult
to control the increase in output of
the audio oscillator slowly enough
not to miss either or both the first
two nulls. If the fourth or fifth
nulls are used, the factors are about
11.8 and 15.0 respectively. For 100-
percent modulation (25-ke swing)
using the fourth null, the tone
should be about 2.12 ke. For the
fifth null the tone should be about
1.66 ke. Another disadvantage of
using the lower audio frequencies
is that the accuracy of the audio
tone used must be greater to deter-
mine the kilocycle swing accurately,
owing to the higher multiplying
factor.

Pre-emphasis

If the station has a modulation
monitor or if the pre-emphasis cir-
cuit is removed from the transmit-
ter (where the monitor is not avail-
able) it is not necessary to consider
the above. The modulation monitor
contains a de-emphasis circuit that
will cancel the effect of the pre-em-
phasis circuit in the transmitter.

In making these measurements it
is important that the picture and
sound carriers be unmodulated so
that a clean sharp signal will be
received at 4.5 me with both carri-
ers on. The picture carrier can be
operated at reduced power if that is
necessary to use the transmitter
unmodulated. The sound ecarrier
should have as little residual modu-
lation as it is possible to have.

The receiver should be selective
enough to reject carriers in the
order of 5 kc either side of 4.5 me
to the extent that they will not read
on the S meter. With the 4.5-mec
carrier off, the noise level at the
receiving location should not read
over S 2 or S 3 at the most. With
the 4.5-mc carrier on, the r-f gain
and antenna pick-up should be ad-
justed so the meter reading is about
S 9or10dbover S 9.

Several readings of the modula-
tion percentage can be taken and
the average of all the readings can
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{ positive identification between core halves

is stamped with diagonal lines assuring

er cutting. Accurate cutting-grinding machines
cut the cores to such close tolerances that the
resulting core faces can be reassembled with a

maximum air gap of only .0005” per leg.

All this care and precision results in uniform
electrical characteristics which assure you of
greatly improved efficiency of core performance
for your products. Moloney HiperCore Electronic
Cores are wound cores of cold-rolled oriented
silicon steel, and give better performance

with important savings in size and weight, and
have greater flux carrying capacity

with lower losses...and they are uniform

in these advantages.

MEB3-38

Rigid production controls
guaraniee the high quality of
Moloney HiperCore Electronic
Cores. Available in any quantity
in any of more than 1000
standard sizes or to your own
special specifications if desired.
Write today for Bulletin SR-205
containing specifications, pere
formance data and prices.

MOLONEY cLeEcTrRIC cOMPANY

Manufacturers of Power Transformers o Distribution Transformers o Load
Ratio Control Transformers o Step Voltage Regulators o Unit Substations

SALES OFFICES IN ALL PRINCIPAL CITIES + FACTORIES AT ST. LOUIS, MO. AND TORONTO, ONT., CANADA
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PRODUCT PERFORMANCE
"AND ACCEPTANCE

REQUIRE CAREFUL
COMPONENT COMPARISON

A WIDEVARIETY OF
SPRING AND COIL COM-
BINATION, OPERATING
POTENTIALS AND CON-
TACT RATINGS.

OPEN OR CAN TYPE
MIDGETS AND SUB-
MIDGETS,

How do you compare relays? Comparison can be

made on the basis of craftsmanship, uniformity of
performance, dependability . . . and AEMCO invites
such comparison. Comparative quality is relative but
absolute quality is more certain!

We believe that the long and continuous servicing
of more than one hundred top names of American
Industry establishes the uniform dependability of
AEMCO ‘Engineered’ RELAYS.

If one of the hundreds of stock AEMCO Relays
does not exactly fit your requirements, we will design
and manufacture to meet your particular needs . . .
to exceed your specifications!

“ POWER RELAYS

% DELAYED MAKE OR BREAK

* CIRCUIT CONTROL

% CURRENT AND POTENTIAL
RELAYS

WRITE TODAY for complete information on AEMCO Relays
to meet your requirements and exceed your expectations!

ulomali ﬂec7’r7c MFG. CO.
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62 STATE STREET - MANKATO, MINN.

ELECTRONS AT WORK (continucd)

be used for absolute reference.
However if extreme care is used
in making these measurements, the
accuracy is good enough that very
little variation will be noticed.

Increasing Validity of
Shock Tests

By CHARLES E. CREDE

Chief Engineer
Barry Corporation
Watertown, Mass.

LI1KELIHOOD of damage to equipment
increases as the maximum stress in
structural members increases. A
typical equipment may be consid-
ered to consist of many structures
each with its characteristic natural
frequency. The equipment may be
simulated by a device known as a
multifrequency reed gage.

Such a gage is made up of a
chassis, a number of reeds of dif-
ferent natural frequencies and
means to indicate the maximum de-
flection of each reed during shock.
If the deflections of identical reeds
are compared for different condi-
tions of shock, the relative severity
of the respective shocks may be
estimated by comparing the deflec-
tions of identical reeds.
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FUNDAMENTAL NATURAL FREQUENCY OF REED, v
IN CYCLES PER SEC

MAX.OEFLECTION OF REED,
RELATIVE TO CHASSIS IN (N

FIG. 1—Data from multifrequency reed
gage using five foot hammer drop on
high impact shock testing machine for
lightweight equipment

Shock tests were made on a high
impact shock testing machine first
with a reed gage attached rigidly
to the mounting plate of the testing
machine and then with the gage
attached to the mounting plate by
shock mounts. By varying the
natural frequency of the reeds the
effect of this shock upon structures
of different natural frequencies was
determined.

Figure 1 shows the maximum de-
flection of the reeds and Fig. 2
shows the maximum acceleration of
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YOU’LL LIKE everything about this new family
of Taylor paper-base laminates —including
their price. They’re a new kind of hot-punch
laminate, uniform all the way through, with no
surface overlay of resin.

In insulation resistance, water absorption,
power factor, flame retardance and dimensional
stability, they’ll meet or exceed your strictest
specifications. And they punch and stake so
well . . . with smooth surfaces and clean edges
. . . that you can produce complex parts with
maximum utilization of each sheet.

Four different grades are available in produc-

tion quantities, in standard sheet size of ap-

proximately 49" by 49":

XXXP-301 .. . the top grade laminate with unu-
sually high insulation resistance, lowest water
absorption . .. excellent punching and staking.

New Taylor laminates

are premium in everything but price

XXP-351 . . . a high grade laminate with most
of the properties of XXXP-301, at lower price.

Grade 3523 . . . a quality grade laminate priced
for economy, with outstanding electrical and
physical properties.

Grade 354 . . . an easily fabricated grade having
low water absorption and good stability . . .
priced for real savings.

Taylor Fibre Co. Plants in Norristown, Pa.;
and La Verne, Calif. Branch offices in Atlanta;
Boston; Chicago; Clevelind; Dayton; Detroit;
Indianapolis; Los Angeles; Milwaukee; New
York City; Philadelphia; Rochester; San Fran-
cisco; St. Louis; and Tollund, Connecticut. Dis-
tributors in Grand Prairie and Houston, Texas;
Jacksonville, Florida; New Orleans, Louisiana;
and Toronto, Ontario.

WRITE TODAY FOR FULL SPECIFICATIONS, AND FOR ENGINEERING ASSISTANCE IN APPLICATION

TAYLOR

Laminated Plastics
Vulcanized Fibre

ELECTRONICS — June, 1954
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~ IMMEDIATE
| DELIVERY...

. FROM STOCK!

e UNIFORM

i
e

e
kit

L . & §§§%
.@gg_@% o
ACTUAL SIZE

e COMPACT

e EASILY COMBINED TO GIVE
DESIRED INDUCTANCE

These plastic encapsulated toroid coils are wound on high density,
high permeability, powdered molybdenum permalloy cores. Designed
to provide the utmost in stability and ruggedness, CHICAGO toroids
are extremely well insulated and have low temperature coefficients.

Additional features include:

High Q over a wide fre- |
quency range

Close tolerance of plus,
minus 19

High stability over tempera-
ture range of ~55°C to 85°C
Unaffected by humidity

SPECIAL
TOROIDS

. engineered and built to exact
specifications of inductance and Q,
cither cased or uncased, are avail-
able from Chicago Standard. Write
today, outlining your requirements.

CHICAGO STANDARD
TRANSFORMER CORPORATION
[ ] CHICAGO 18, ILLINOIS

3501 ADDISON STREET

EXPORT SALES: Roburn Agencies, Inc., 431 Greenwich Street, New York 13, N. Y.

® Minimum pickup from ex-
ternal magnetic fields

® Easily stacked, mounted with
a single screw

® 1-1/16” diameter, 15” high,
90° spacing of terminals

&

SPECIAL AUDIO
FILTER NETWORKS

Audio filters for any specific appli-
cation, band pass, band elimination,
high pass, low pass, etc. can be de-
signed to meet the characteristics

you require.

G

ELECTRONS AT WORK (continued)

the same reeds, calculated from
their maximum deflections, both ex-
pressed as a function of the funda-
mental natural frequency of the
reed.

The amplitudes of the curves in-
dicate the relative severity of the
shock experienced by the equipment,
The solid curves are generally
somewhat above the level of the
dotted curves indicating the extent
of the protection that is afforded
by the mounts. The difference be-
tween the two curves is relatively
modest and it is possible that this
difference could be compensated by
designing the equipment to have
greated strength. If no other con-
siderations were involved, it would
be difficult to justify the use of
shock mounts except for use on
equipment of marginal strength.
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FUNDAMENTAL NATURAL FREQUENCY OF REED,
IN CYCLES PER SEC

FIG. 2—Response spectra showing large
excursions of maximum acceleration
characteristic

However, the relatively high
peaks in the solid curves at a fre-
quency of approximately 90 cps are
significant. These peaks occur be-
cause the mounting plate of the
shock testing machine had a natural
frequency of 90 c¢ps and the reed
whose natural frequency is 90 cps
experienced a large amplitude as
a result of resonance between reed
and mounting plate. The curves
representing tests with mounts
show little evidence of the peak at
90 c¢ps. The mountings thus func-
tion as vibration isolators to isolate
the transient vibration of the plate
resulting from the hammer impact
of the shock machine.

The mounting plate of the shock
testing machine may be considered
simulating one particular type of
mounting for the equipment. When
the equipment is installed in a
vessel, it will probably be mounted
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Why the CTS-Rated* 6CU6? The 6CU6
horizontal amplifier is rated the same as
the 6BQEGT . . . is electricaily interchange-
able with it. But . . . because the 6CU6 is
rated for continuous television service, it
will live under 6BQ6GT maximum ratings.

The 6BQ6GT is a good tube. (Heck,
CBS-Hytron originated it.) But, it was de-
signed for 10- and 12-inch TV sets. Today
it carries the load in 21-inch sets. Further-
more, it must combat the accumulated dis-
sipation caused by: 1. Line-voltage varia-
tions. 2. Faulty receiver adjustments. 3.
Shifting values of components due to age

MECHANICAL FEATURES
OF 6CU6

AT NO EXTRA COST WITH CBS-HYTRON

CTS-RATED' Bcus

and overload. Result: The 6BQ6GT is often
operated above maximum ratings.

Obviously, a brand-new design . . . not
just an improved 6BQ6GT . . . was needed.
The husky CBS-Hytron 6CU6 (See
Mechanical Features) is the answer: a
premium-performance tube af no extra cost.
CTS-Rated, itoffers generoussafetymargins
for plate dissipation...high-voltage insula-
tion . . . and high-line protection. Note also
the bar graph showing much larger plate
and envelope areas of CBS-Hytron 6CU6.

Inthe6CUS6. ..another CBS-Hytron first
... high voltage and heat meet their match.
You forget run-away plate current, high-
voltage arc-overs, and shrinking TV pic-
tures. You gain by longer life . . . mini-
mized service . . . happier customers. Try
the CBS-Hytron 6CU6 today.

*Rated for Continuous
Television Service

] Heavier-gauge plate with large
« radiating fins.

VYents in beam plates and plate
= aligned tor maximum rcdiation
of heat from grids.

D

Anti-arc rings for uniform dis-
- tribution of electrostatic field.

Anti-arc mica eyelets.
T-12 transmitting-type bulb.
Plate connectionhard-soldeied”’

° and positioned to reduce heat
conduction and arcing.

GREATER DISSIPATION RESERVES

WITH 48.5% MORE BULB AREA

6BQ6GT

WITH 31.5% MORE PLATE AREA

6CU6 OFFERS

6BQ6GT

6cU6

CBS-HYTRON Main Office: Danvers, Massachusetts

Manufactyrers of
Receiving Tubes Since 1921

CBS Laboratories « CBS-Columbia

RECEIVING TRANSMITTING SPECIAL-PURPOSE - TV PICTURE TUBES
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A Division of Columbia Broadcasting System, Inc.

A MEMBER OF THE CBS FAMILY: CBS Radio « CBS Television + Columbia Records, Inc.
CBS International

and CBS-Hytron
CRYSTAL DIODES AND TRANSISTORS
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NEW LOW PRICES on CORNING

Metallized Glass Trimmer Capacitors

They’re the same tough, stable trim-
mers we’ve been making for years,
but with new terminations, new
mountings, and new low prices. And,
they’re available in standard types
from .3 to 12 u.u.f., or can be de-
signed to meet your specific require-
ments.

CoRrNING Metallized Glass Midget
Trimmer Capacitors are produced by
permanently bonding metal to tubes
made of glass with practically zero

terminals.

terminal.

CORNING Trimmers with
push-on mount and saddle-
clip terminal.

CORNING Trimmers with
split bushing mount and tab

CORNING Trimmers with
push-on mount and solder-
spot terminals.

CORNING Trimmers with
push-on mount and wire

New Products Division

temperature coeflicients in the VHF
range. This means negligible capacity
shift, even with widely variable am-
bient temperatures. Produced on
automatic machinery, they can be
manufactured in quantity with elcc-
trical characteristics held to very
close tolerances.

For complete information on the
new CORNING Trimmers, including
the new prices, mail the coupon
below.

Ir @a/ymmw Glatt - e e -
: CORNING GLASS WORKS

| DEPT. E-6, CORNING, N. Y.

: Flease send me information on CORNING Metallized Glass Trimmer Capacitors

: NOME i Title

|

: QO M OMY oo et e aaa e e ea e 2 em e e men s 2 ma et e ae e oo aee e aean

: City Zone State
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ELECTRONS AT WORK (continued)

on a bracket whose natural fre-
quency is different from the natural
frequency of the mounting plate on
the shock testing machine. The res-
onance will then occur at a different
frequency. A structure of the equip-
ment that did not experience such
resonance during the shock test
may experience resonant conditions
when installed within the vessel.

The shock test without shock
mounts thus tends to become in-
valid, because it fails to predict the
failure that may occur as a result
of resonance between the structures
of equipment and the mounting
brackets.

The use of shock mounts almost
completely eliminates the effect of
these resonances and creates a con-
dition in which the natural fre-
quency of the mounting brackets is
unimportant. The natural frequen-
cies of mounting brackets are diffi-
cult to predict. In many installa-
tions no effort is made to control
such natural frequencies.

Tester for Transistor
Selection

By NoaH H. KRAMER
Fngineering Laboratory
International Business Machine Corp.
Endicott, N. Y.

ULTIMATE TEST of a transistor is
its behavior in an actual circuit, but
it is usually beneficial to have some
tests to ascertain if the transistor
meets minimum  requirements.
These requirements must be in-
telligently chosen to select proper
transistors for specific applications.

The tester described here is de-
signed to check two characteristics
of a junction transistor that are
significant in amplifier applica-
tions. They are, I, the collector
current with zero emitter current
and I.,/(1 — ), the collector cur-
rent with zero base current. Pro-
vision is made to test either pnp
or npn transistors.

The first test measures the satu-
ration current of the collector-base
diode I.,. On a small signal basis,
the I., is indicative of the magni-
tude of the collector resistance r, of
the equivalent circuit. This current
is temperature sensitive and in the
usual operating ranges, will double
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it takes two

DISPLAY ADVERTISING

o AROUSES INTEREST
e CREATES PREFERENCE

DIRECT MAIL
o GETS PERSONAL ATTENTION

(ol st o TRIGGERS ACTION.

After your prospect has been convinced by DispLAY ADVERTISING, he still
must take one giant step. He must act. A personalized mailing piece
direct to his desk, in conjunction with a display campaign, is a powerful
action getter.

McGraw-11ill has a Direct Mail Division rcady to serve you with over
150 specialized lists in the Industrial Field.

To get your copy of our free INpusTRIAL DirecT MaiL CATALOGUE
(1954) containing complete, detailed information about our services,

fill in the coupon below and mail it to McGraw-Hill.

Do it now! The best advertising programs are planned well in advance.

R Direct Mail Division,
McGraw-Hill Publishing Co., Inc.
O

330 West 42nd St, N.Y. 36, N. Y.

Please forward my free copy of the McGraw-Hill
“Industrial Direct Mail Cataloguc.”

NAME

COMPANY

ADDRESS

HAE
Mc GRAW-HILL

DIRECT MAIL LIST SERVICE
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ELECTRONS AT WORK (continued)

for about every 8-deg-C rise.

To avoid the use of a sensitive
microammeter, currents are meas-
ured by the voltage drop across a
5,000-ohm resistor, R, as shown in
Fig. 1.

LLLT

% 20,000 M
8 R 39900 pegvorr
METER

Transistor tester measures saturation
current of collector-base-circuit and
short-circuit gain

The second test determines the
short-circuit gain of the transistor.
With zero base current, the collector
and emitter current will stabilize at
the value I, = I,/ (1 — a).

Such a circuit, with no d-¢ path in
the base, is extremely sensitive to
temperature change and therefore
is seldom recommended. However,
the measurement obtained repre-
senting 5,000 1.,/(1 — ) volts is
used to determine the short-circuit
current gain of the transistor,
1/(1 — a), in the following manner.

The result of the first test (5,000
1., volts) is divided into the result
of the second test [5,0001,,/(1 — a)
volts] obtaining 1/(1 — «). This
result is independent of the actual
value of the 5,000-ohm resistor.

The low resistance of R, was
chosen so that a 20,000 chm-per-volt
meter could be used for measure-
ments without degrading the ac-
curacy more than twenty percent. A
ten microampere I, would then de-
velop a reading of about fifty milli-
volts.

Provision is made to choose the
proper battery polarity by double-
pole double-throw switch S..

To test for I.,, voltage is applied
to the collector and the circuit is
completed through R, to the base.
The emitter is left unconnected.

When it is desired to test for
I../(1 — a), the base is left open
and the circuit is completed through
the emitter. Single-pole double-
throw switch 8. completes the cir-
cuit to either the base or the
emitter,

To avoid the possibility of
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MYLAR' DIELECTRIC °°A'AL

CAPACITORS CAPACITORS

o 1

IN COMMERCIAL TYPE CONSTRUCTION-Type 620 and 621

*DuPont Trademark for its polyster film

Especially Adapiabile to Youn Own Requinements

Enclosed in Plastic Thermo-setting
Impregnated Paper Tube.
Marbelite Plastic End Seal pro-
s vides life-time sealing — stops
= ' costly pull outs. Cannot soften

MYLAR Dielectric

Miracle X Impregnated. - : or drip at high temperature.
Same excellent praperties Type 620
obtainable in our her-
metically sealed Mifilm\ﬁ—? — — Extended Foil Construction.
Capacitors. e\

Type 621

Tab Construction.

Excellent Humidity Resistance ¢ Highest Insulation Resistance
e Low Capacitance Change With Temperature — Operating Temper-
atures —65°C to +125°C ¢ Sizes equal or smaller than metalized paper
capacitors yet with greatly improved properties as to insulation resistance
and life expectancy .173 dia. X 9/16” long (.001 Mfd, 600 VDC) to
1,050 dia. X 234¢ long (1 Mfd, 600 VDC) Power Factor less than .5%.

We custom-build to your specified sizes. We can supply your needs in
metal or wvinylite cases and still provide the same small space factor.

Our Engincers are always ready to work with you on any capacitor problem.

Write for complete catalog covering all types of

Good-All long-life capacitors. We invite sample orders
for your cvaluation.

SRV
wh— SO SUPERIOR they are being specified and used extensively by

CAPACITORS Electronics,Radio and TV Manufacturers throughout America.

GOOD-ALL ELECTRIC MFG.CO.

114 W. First St., Good-All Bldg., Ogalalla, Nebr.  Phone 112 or 113 — Cable address “Goodalfa”
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ERS YOU
Precision o o

T PAPER TU

any shGPe
every size
any length
p'US

A\
APER
‘CMB NATIONS ° PHENOL |

Round, square, rectangular, triangular, any shape, any size —
Precision Paper Tube Co. can provide all your paper tubing needs.
Your specifications are met to the most exacting tolerances. Precision
Paper Tubes are sturdy, crush resistant, have high tensile strength
and excellent dimensional stability.

Send in your specifications for samples. Request Arbor List of

over 2000 sizes.

HIGH DIELECTRIC BOBBINS FOR BETTER COILS

Precision-made on specially designed equip-
using the finest materials, to provide
maximum tensile strength, light weight, more

ment,

winding space and other essential electrical and
mechanical characteristics.

Furnished in any size or shape. Supplied plain or fitted with leads,
slots or holes. Flanges cut to specification, plain or embossed. Tube
ends swaged to lock flanges,

Send Specifications for samples. Ask for illustrated folder.

Sales Representatives in:

Missouri, Southern lllinois, lowa:

St. Louis, Missouri, Sterling 2318
Maryland:

Baltimore, Maryland, Plaze 2:3211
Philadelphia, Comden:

Philadelphia, Pa., Chestnut Hill 8-0282
California:

Pasadena, California, Sycamore 8-3919

New England:

Framingham, Massachusetts, Framingham 7091
Metropolitan New York, New Jersey:

Jersey City, New Jersey, Journal Square 4-3574
Upstate New York:

Syracuse, New York, Syracuse 76-8056
Northern Ohio, Western Pennsylvania:
Cleveland, Ohio, Atlantic 1-10460

Indiona, Southern Ohio:

Logansport, Indiana, logansport 2555

Canada:
Montreal, Quebec, Canada, Walnut 2715

2041 W. CHARLESTON ST.
Plant No. 2: 79 Chapel St., Hartford, Conn.

CHICAGO 47, ILL.
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ELECTRONS AT WORK (continuedy
{ransients owing to plugging the
transistor into a cirecuit with an
applied voltage, the momentary
normally open switeh S, is installed.
This switeh applies voltage to the
transistor only when measurements
are required.

A third test, pertinent to mpn
grown-junction transistors, can be
made with a modification of this
equipment. This test is for the so-
called channel effect. In this test,
a vacuum-tube voltmeter must be
used to read the emitter voltage
when the S. switch is positioned for
the I., test. For transistors without
the channel effect, the reading will
be in millivolts. However, most of
the present grown-junction transis-
tors will show a voltage that in-
creases with time. This measure-
ment reaches a few volts in a matter
of minutes. The cause of this
phenomiena is attributed to impuri-
ties that create a channel across the
very thin base laver of the transis-
tor.

Table I—Typical Data Obtained
from Transistor Tester

50007, | 1

l—a |1 -«

Tran-  5.0007,,
sistor
(pnp) involts in volts

1 0.033 1.6 42
2 0.038 25 66
B 0.08 31 | 39
3 0.0t 1.8 45
5 0.02 1.0 50
6 0.0t 1.5 37
T 0.03 2.1 10
8 0.04 2.5 62
9 0.05 3.1 62
10 0 06 2.8 17

Typical data concerning the
actions of different transistors is
presented in Table I. This data
could be used, for example, to
choose transistors 8 and 9 for push-
pull circuits because of their equal
gains. Transistor 3 might be re-
jected for some circuits because its
I., is high (5,000 I, = 0.08 volt,
I., = 16 microamperes) and would
cause excessive currents as tem-
perature was increased. On the
other hand, the low /., of transistor
5 could make it desirable in an ap-
plication involving extreme ranges
of temperature.

June, 1954 — ELECTRONICS



silicon transistors

e e
the electronics
~ industry — are fina ly out of the laboratary aad omthe mazket
.. brought to you first by Texas Instruments, a leadmu ¢

tr ansutm manufacturer. A new and unrivalled degree :

of design freedom is created by the TI n-p-n g,rown ]unctu)n
silicon transistor, now available in productmn units with :: :
glass-to-metal hermetic sealing. silicon tran",né’tors radically ;W,,
“improve temperature stability and power :
! handling while retaining the best amphﬁcatlon
and frequency characteristics of plevmus 5

Mo silicon transistors — lorg awaited by

. “semiconductor dewces o =¥
= L
e 1 T
write today for detailed - . i o
information on the silicon - o
9 transistor! 1 e

TEXAS INSTRUMENTS

1 NCORPORATETHD

6000 LEMMON AVE. DALLAS 9, TEXAS

I —
L
ACTUAL SIZE
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Edited by JOHN MZARKUS

Soldering Crystal Diodes.............. 246
Induction Heater Bonds Wire Strands

Before Stripping . .............. .. .. 246
Motorized Neck Sparker for Picture
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Machining Printed Circuits. .. .. ... .. .. 258
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Soldering Crystal Diodes

SOLDERING CRYSTALS {o a resistor
board is a critical job because the
heat of the soldering iron can dam-
age the delicate construction of the
crystal. A crystal soldering jig de-
vised by Hewlett-Packard, Palo
Alto, Calif., solved the problem. It
holds the erystal in place for solder-
ing to the resistor board and at the
same time dissipates the heat of
the soldering operation so it will
not harm the crystal.

Copper jaws soldered to spring clamps hold
crystal in position on terminal board and
conduct soldering iron heat away from crys-
tal. Arm on heavy metal plate holds clamp
in position

Puncked Mounting for Metal-Can Elec-
trolytics ....266
Reaming Fixinres for Radar Anfenna
Units ..................
Induction Sealing of Magnetron Pulse
Plugy .269
Zone-Melting Setup for Refining Ger-
271

Tubes
Installing Shock Mounts. ... ... .. L...274
Self-Balancing Bridge Chacks Parts

Autormatically
Mainfernance Tool Dolly. . ... ... ..

275
.. 277

Applying Dolilex Coating to Toroidal
Coils e
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featured in this issue
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: New Books ..... .358
7 Backtalk ...... .. 378 -

Induction Heater Bonds Wire Strands Before Cutting and Stripping

A TUBE-OPERATED high-frequency
induction heater used in conjunec-
tion with an Artos automatic wire
cutting and stripping machine at
Federal Telephone and Radio Corp.
serves to bond together the indi-
vidual tinned strands in the regions
to be stripped. This eliminates the
necessity of tin-dipping the ends
after cutting and stripping.

The heater is located between the
reel of insulated wire and the Artos
machine, so that the cufting ma-
chine mechanism drawg the wire

246

through the work coil of the heuter.
The heating eycle is synchronized
with the siroke of the wire cutter
so that heating and bonding occurs

P
\;t giae e ERTI T

Setup for automatic bonding. stripping

only in regions where subsequent
cutting and stripping operations
occur. Manufacturer of the heater
is Lepel High Frequency Labora-

and cutting c¢f stranded insulated wire
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vwon t it wov’t?

Mear-sighted or not, our snake charmer

friend should know he can get more out of a
wire if it has a well soldered connection.

How do we know that? Well, making the right
kind of flux core solder for every application
has been Kester’s sole business for more than 50
years. There’s no mystery about Kester Solder,
no secret ingredients either. With Kester,
quality is the paramount feature . ..

the same today as it's always been.

TRIPLE-PLAY ! Kester 44" Resin ... "Resin-Five" ...
Plastic Rosin-Core Solder . .. your best bets. ..
with exact core size or flux-content and alloy

“tailored’’ to your requirements.

SOLDER COMPANY

4204 WRIGHTWOOD AVENUE, CHICAGO 39, ILLINOIS
NEWARK 5, NEW JERSEY + BRANTFORD, CANADA

ELECTRONICS — June, 1954 247



tories, Inc., Woodside, New York
City. A stepless power control
permits selection of proper power
output for heating various sizes of
wire,

Method of gquidng insulated stranded
wire through work coil of heater

Motorized Neck Sparker
for Picture Tubes

REMOVAL of sharp points from sur-
face areas inside the necks of pic-
ture tubes, which might cause
difficulty in later high-voltage field
installations, is accorﬁ‘plished at
General Electric’s<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>