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OUR MILLIONTH FILTER SHIPPED THIS YEAR...

FILT

FOR EVERY APPLICATION

TELEMETERING
FILTERS

UTC manufactures a wide variety of
band pass filters for multi-channel
telemetering. [flustrated are a group
of filters supplied for 400 cycle to
40 KC service. Miniaturized units
have been made for many applica-
tions. For example a group of 4 cubic
inch units which provide 50 channels
between 4 KC and 100 KC.

Dimensions:
(3834) 114 x 13 x 2-3/16”
{2000, 1) 1% x 1% x 1%~

CARRIER
FILTERS

A wide variety of carrier filters are
available for specific applications.
This type of tone channel filter can
be supplied in a varied range of band
widths and attenuations. The curves
shown are typical units.

DISCRIMINATORS

These high Q discriminators provide
exceptional amplification and linear-
ity. Typical characteristics available
are illustrated by the low and higher
frequency curves shown.

For full data on stock UTC transformers,
reactors, filters, and high Q coils. write
for Catalog A.
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AIRCRAFT
FILTERS

UTC has produced the bulk of filters
used in aircraft equipment for over
a decade. The curve at the left is
that of a miniaturized (1020 cycles)
range filter providing high attenua-
tion between voice and range fre-
quencies.

Curves at the right are that of our
miniaturized 90 and 150 cycle filters
for glide path systems.
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Dimensions:
(7364 series) 15 x 15 x 214",
(9649) 112 x 2 x 47,

Dimensions:
(6173) 1-1/16 x 138 x 3”.
(6174A) 1 x 1V4 x 2V=".
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PROVED
BY USE!

In the short time the Model
1001 Regulator has been on
the market, more than 300 of
the instruments have been sold,
mainly for meter calibration
applications and for use in
standards laboratories,

As a result, it can now be said
— and proved — that the
Model 1001 gives hairsplitting
precision with the rugged
dependability of operation
associated with voltage regula-
tors of “ordinary” regulating
accuracy!

Want more information? Usc post card on last page.

0.01% requlation accuracy!
1000 VA capacity!

Sorensen Model 1001

electronic AC Voltage Regulator
i e e =

specifications

input 95-130 VAC, 18, 50-60n

Ovtput 110-120 VAC, adjustable

Load range 0-1000 VA

Regulation +0.01% against line and +0.01% against load
aceuracy guaranteed at room temperature, for a resistive

load, an input variation of #+10% and over o
2-to-1 load chonge. For all other conditions within
the specifications the 1001 has a proportionate
amount of accommodation.

Distortion 3% RMS maximum
P.F. range 0.95 leading to 0.7 lagging
Time constant 0.1 second

Tube complement 6SL7GT (1), 6L6GA (1), SY3GT (1), 2AS1S (1)

Even greater capacity with similar accuracy will be available thi
fall when the Sorensen Model 2501 Regulator — +0.019%
accuracy, 2500 VA capacity — goes into production.

L e, e S == S
general catalog available

AC VOLTAGE REGULATORS — 150VA to 15000VA capacities, 11§
volt and 230 volit output, 400-cycle regulators, 3-phase regulators

FREQUENCY CHANGERS — 60 cycle and 400 cycle, accuracy to
+0.01%

NOBATRONS — Regulated low-voltage, high-current DC sources

B-NOBATRONS — Regulated high-voltage, low-current B power supplies

NOBATRON-RANGERS — Wide-range variable .DC sources

TUBELESS DC SUPPLIES — Magnetic amplifier supplies with various
outputs and capacities

AIRBORNE FREQUENCY CHANGERS & INVERTERS, MILITARIZED
REGULATORS, FILTERS, TRANSFORMERS, AND RELATED EQUIPMENT.

For your copy write Sorensen & Co., Inc., 375 Fairfield Avenue,
Stamford, Conn. In Europe, Sorensen A.G., Gartenstrasse 26,
Zurich 2, Switzerland.

SORENSEN

375 FAIRFIELD AVENUE, STAMFORD, CONN.
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THIS INTERESTING QUARTERLY WILL BE
MAILED FREE TO ANY PART OF THE
WORLD

r—ézﬁ—_ﬂ -
For almost a century Muirhead & Co. Limited

8 MeV LINEAR ACCELERATOR FOR X-RAY THERAPY

have manufactured precision electrical instru-
ments, and to-day the range of products
includes measuring instruments for educa-
tion and industry, synchros and remote
control systems, and facsimile transmitters
i—————4 o To-o o —-——_ and recorders.

-—— — e —— ]

- e— —— ——

S —— — — — ——— = e ey THE USE OF MAGSLIPS IN CONJUNCTION WITH
o —— = o —— — — —— WEIGHING MACHINES

TECENIQUE

A JOURNAL OF INSERUMENT ENGINEERINS

’

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

PRECISION ELECTRICAL INSTRUMENTS

MUIRHEAD & CO. LIMITED - BECKENHAM - KENT - ENGLANBZ

ELECTRONICS — October, 1954 Want more information? Use post card on last page. 3
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1948 1949 1950 1951 1952 1953 1954
Year Previous Latest Year Previous Latest
Ago Month Month Ago Month Month
RECEIVER TV AUDIENCE
PRODUCTION (Source: NBC Research Dept.)  Aug.'53 July '54 Aug. ‘54
(Source: RETMA) July '53 June ‘54 July ‘54 TV Homes, tota! 24,895,000 30,717,000 31,036 000
Television sets, total ... 316,289 544,142 306,985
With UHF . .. ... — = 99,404 57,838 BROADCAST STATIONS
Color sets -— 347 32 ] ) ,
Radio sets, total 674,459 837,655 438,061 (Source: FCC) Aug. '53 July ‘54 Aug. 54
With F-M 22,986 15,854 8,622 TV stations on air 253 409 413
Home sets . ......... 172,197 226,350 150,002 TV stations CPs—not on air 270 169 165
Clock radios . ........ 87,620 132,668 57,100 TV stations—applications 521 16 14
Portable sets ... ...... 78,434 141,904 39,447 A-M stations on air 2,476 2,592 2,603
Auto sets ... ..., 336,208 336,733 191,512 A-M stations CPs—not on air 117 121 113
A-M stations—applications 177 167 163
F-M stations on air. .. 579 559 561
RECEIVER SALES F-M stations CPs—not on air 18 12 10
(Source: RETMA) July '53 June ‘54 July ‘54 F-M stations—applications 7 5 6
Television sets, units 340,406 351,885 368,634
Radio sets (except auto) 366,666 537,494 411,197 COMMUNICATION AUTHORIZATIONS
(Source: FCC) July '53 June ‘53 July ‘54
RECEIVING TUBE SALES Aeronautical 40,655 40,154 40,708
(Source: RETMA) July '53 June ‘54 July ‘54 Marine .. B 41,473 46,299 46,621
Receiv. tubes, total units 26,462,069 31,031,315 24,208,512 Police, fire, etc. 13,869 15,697 15,926
Receiv. tubes, value. .. $18,243,030 $21,694,400 $18,082,753 Industrial . 17,951 21,598 21,867
Picture tubes, total units 634,200 681,937 514,346 Land transportatmn . 6,069 6,891 6,925
Picture tubes, value ... $15,155870 $13,933,845 $10,102,903 Amateur ... 110,862 123,287 120,409
Citizens radio 3,877 7,054 8,093
Disaster 191 283 305
SEMICONDUCTOR SALES Experimental 463 586 592
June ‘53 May ‘54 June ‘54 Common carrier . .. 1,222 1,635 1,661
ijgingfg;:;ocjes% 1,344,636 1,001,905 960,112
o ‘ EMPLOYMENT AND PAYROLLS
Quarterly Figures (Source: Bur. Labor Statistics)  June '53 May ‘54 June ‘54
—_— y Figures—— Prod. workers, comm. equip. 417,800 342,600-r  339,300-p
Year Previous Latest Av. wkly. earnings, comm...  $66.66 S67.42 -r S68.51 -p
INDUSTRIAL Ago Quarter Quarter Av. wkly. earnings, radio. ..  $64.64 $66.08 -r S67.49 -p
TUBE SALES Av. wkly. hours, comm.. . .. 40.4 392 -r 396 -p
(Source: NEMA) 1st’'53 4th 53 1st ‘54 Av. wkly. hours, radio. .. .. 39.9 391 -r 397 -p
Vacuum (non-receiving) $10,400,000 $9,467,331 $8,971,335
Gas or vapor ... $3,300,000 $4,854,222 $4,589,23? STOCK PRICE AVERAGES
Phototubes . ... Nl $700,000 3:105.000 $50:1000 (Source: Standard and Poor’'s)  Aug. '53 July ‘54 Aug. ‘54
Magnetrons and velocity ) )
modulation tubes ... $10,500,000  $13,073,095  $16,135274 Radio-tv & electronics 280.0 351.2 354.8
Gaps and T/R boxes. . $1,700,000 $1,707,730 $1,517,426 Radio broadcasters 274.8 377.3 3813
*4th quarter 1953 p—provisional; r—revised
HGURES ﬂF THE YEAR TOTALS FOR FIRST SEVEN MONTHS
1953 Total 1953 1954 Percent Change
Television set production 7,214,787 4,150,525 3,152,132 — 240
Radio set production 13,368,556 7.941,001 5,324,620 —329
Television set sales 6,375,279 3,116,306 3,174,394 + 1.9
Radio set sales {except auto) 7,064,485 3,383,862 2,822,090 —16.6
Receiving tube sales 437,091,555 269,622,417 189,917,572 —29.5
Cathode-ray tube sales 7,582,835 5,831,271 4,471,584 —23.3

October, 1954 — ELECTRONICS




INDUSTRY REPORT

electronics—October ¢ 1954

™ |

PUSHBUTTON starts machine that trims and bends resistor leads, inserts them in printed circuit boards and crimps them in posi-
tion. Printed circuit ossembly comprises neorly 50 percent of completed vertical tv chossis wiring os . . .

Automatic Production Speeds TV Receiver Output

Machine-assembled eight-tube

circuits appear in 21-inch
television sets

COMPLEX machines 30 feet long, into
which resistors and wire jumpers
are automatically fed, deliver as-
sembled printed circuit boards at
Admiral Corp.

» How—The electronically con-
trolled machines, designed and
built by the firm’s engineers,

utilize printed circuit boards that
are photo-etched and stamped at
one of the company’s plants. As
the boards automatically move
from machine to machine down the
30-foot line, fifty resistors and
wire jumpers are machine-inserted
in each board, some singly, some
two and three at a time, depend-
ing on spacing. Before the re-
sistors are inserted, the muchines
trim and bend the wire Jeads to
size. After insertion, dies crimp
the leads precisely against the

ELECTRONICS — October, 1954

copper circuit pattern to insure
getting good contacts by dip sol-
dering.

Whenever any part fails to feed
from its chute, a red light goes
on at that machine and the entire
line is automatically halted until
adjustments are made.

» Future—Two other machines,
one approximately 100 feet long,
are under construction and will be
in use in early 1955. It is expected
that eventually the robots will be
able to insert items such as tube
sockets and tubes. This means
that some components will be re-
designed for automatic feeding.
According to the company, pro-
duction has been increased so
much with the new machines that,
rather than displacing personnel,
it has been necessary to hire more
wcmen emplovees to complete final
hand assembly of the printed cir-
cuit boards. Two new vertical-
chassis 21-inch tv table models

WWW.-americanradiohistorv.com

now on the market use the auto-
matically produced eight-tube cir-
cuits. Tubes are mounted hori-
zontally for removal from the rear.

Electronic Industry
Booms In California

Growth mirrored in record
WESCON attendance is
backed by new L. A. survey

GROWING importance of the elec-
tronics industry on the west coast
was pointed up at the recent West-
ern Electronic Show and Conven-
tion and by a new survey of Los
Angeles electronic manufacturers.

» WESCON—More than 23,000 en-
gineers, technicians and members
of allied industries registered for
the 1954 show in Los Angeles, ex-
cecding last year’s registration by
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10.000. More than 2,800 attended
the technical sessions at which 115
papers were delivered. Equipment
ranging from silicon transistors to
computers was exhibited by over
600 manufacturers in 522 booths,
about 150 more than were used in
1953.

» Survey—DBacking up the growth
of the WESCON were the survey
facts recently published by the Los
Angeles Chamber of Commerce.
They show that billings of elec-
tronic firms in the Los Angeles
metropolitan area have grown
from $95 million in 1946 to $750
million last year. Capital invest-
ment of firms in the area has also
grown rapidly.

Last year the electronic indus-
try in Los Angeles county invested
$26.5 million, $17.3 million in
seven new plants and $9.1 million
in 34 expansions of existing facili-
ties. This compares to total ex-
penditures of $4.6 millicn in 1952

and $4.3 million in 1951. In the
first seven months of 1954, the
electronic industry ranked second
in the area in the number of new
expanded plants, with 32 projects
representing a capital investment
of $12.9 million.

» Companies—According to the
survey, there are 374 firms occupy-
ing 424 plants in metropolitan Los
Angeles that manufacture elec-
tronic equipment. They have a
combined total of 7.7 million sq ft
of plant facilities and manufac-
ture 172 different electronic prod-
ucts. The total number of workers
employed by these firms is 60,900,
representing 75 percent of elec-
tronic employees in the west and
an annual payroll of $231 million.
Breakdown of some of the 374
firms in the Los Angeles area
shows that 161 are research and
development firms, 19 are engi-
neering and design companies and
22 are service and testing firms.

Larger Color Picture Tube Bows

NEw RCA 2l-inch color tv tube
with 250 square inches of picture
area is compared with its 15-inch
predecessor. It will be used in a new
color tv receiver that employs 28
tubes including the picture tube.
Cost of the tube is $175 and sets
using the new tube will retail be-
tween $800 and $900. Sampling

of the picture tube to other manu-
facturers is scheduled to begin
Nov. 1.

Initial sets using the tube will
employ modified 19-inch chassis con-
taining 39 tubes. A few thousand
of these sets will be made and are
expected to be on the market before
the end of the year.

Radio Control System
Guides Tractor-Trains

Pushbutton unit on belt
cuts order-filling costs
in large warehouses

OLD-TIME MILKMEN did very little
driving. Only an occasional whistle
was necessary to keep horse and
wagon moving down the street in
step with the milkman as he cut
across lawns and back yards. With
modern in-plant material-handling
tractor-trains, however, the driver-
loader must often spend half his
time running back to the controls.

A new electronic control system
has solved this difficulty. A ware-
houseman loading groceries and
supplies onto a tractor-train need

Radio-controlled tractor built by Bar-
rett-Cravens of Northbrook, [ll. hauls
trailers in S5-acre warehouse of Super-
valu Stores, Inc., in Hopkins, Minn.

touch the tractor controls only oc-
casionally. To move from dry
cereals to soap powders, for ex-
ample, he merely pushes one of
three buttons. Three different tone
signals whistle the tractor to start,
turn right or turn left. When his
finger is removed, the tractor
brakes to a smooth halt.

»Who Can Use It?—So far, only
about two dozen radio-controlled
tractors have been put into ser-
vice, eight of them in one ware-
house. Time studies now in prog-
ress indicate that there may be as
much as 20 percent savings in an
order-filler’s time.

Cost of the radio system and
(Continued on page 8)
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HIGHLY SENSITIVE...COMPACT IN SIZE!

ACTUAL SIZE

The Sylvania IN77A 1s a highly sensitive compact junc- DETAILED DRAWING
tion photodiode.

Its useful sensitivity covers the visible spectrum and
extends into the infrared region where it peaks at approxi- S
mately 15,000 Angstrom Units. 093 DIA. <D/A TINMED LEADS

Consider these advantages: l RED D 07.\

Hermetically sealed in glass. <

-1

Extreme stability in operation. T
l

Uniformly high sensitivity (8.5 valts min. to 17.0
volts max. across a 100 k-ohm load). 3 *Ye v MIN

F-3 LW N
A
=

Low dark current (200 ua @ —50 volts. 4

The high sensitivity and compact packaging of the

IN77A should provide the answer to many light-sensing FOR FULL DETAILS about the complete line of

application problems. $till more reasons why it pays to Sylvania diodes write to Dept. 4E-1610 at
specify Sylvania. Sylvania.

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

In Conado: Sylvonia Electric (Conado) Lid., University Tower Bldg.
St. Cotherine Street, Momreol, P. Q.

LIGHTING + RADIO -+ ELECTRONICS + TELEVISION

ELECTRONICS — October, 1954 Want more information? Usec post card on last page. 7
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electrie tractor together is $4,000
but the radio gear itself selis for
about $1,400. The manufacturers
believe such control equipment can
be applied satisfactorily to fork
trucks, bridge cranes and other
devices subject to remote opera-
tion.

» Radio System—Although design
details have not vet been revealed,
it is known that the radio control
operates under FCC low-power
rules without necessity for a
license. The mobile receiver uses
the rubber-tired tractor and trail-
ers as antenna.

Color Set Makers Size
Up Color Broadcasting

Networks and network routes

are set for color programs
but local stations lag

IT has been almost axiomatic in
new black-and-white tv markets
that when programs were poor or
sparse so were tv set sales. Good
shows sold sets. Manufacturers
who will have color receivers on
the market this fall are therefore
taking a hard look at the color pro-
gram plans of networks and sta-
tions for this vear.

» Programs—NBC has the most
ambitious lineup of color programs
among the networks. It has sched-
uled 49% hours of color program-
ming for the fall season. By the
first of the year it will have facili-
ties for color origination available
for 60 hours of color programs a
month.

CBS has 77 separate color shows
now scheduled through April 6 of
next year for about 40 hours of
color programs.

Du Mont’s WABD goes on the
air in September with one color
program a week. This will be
stepped up later to three weekly
programs. This firm’s Pittsburgh
and Washington, D. C. stations ex-
pect to be equipped for color this
yvear. All of its initial programs
will be taken from color film.

» Network—AT&T will
routes ready

have its
for network color

programs. Already 31,000 of the
59,000 channel miles of tv facili-
ties now in service have been re-
engineered and re-equipped to
carry color programs. Color tv can
now be transmitted to 65 cities
across the nation.

At present 145 stations in these
cities are receiving network tv
service and about 95 of them are
getting color in addition to black-
and-white. AT&T estimates that
by November most of its principal
routes will be equipped with color
and that by the end of the year it
will be able to transmit color pro-
grams to about 95 of the 202 cities
now linked for black-and-white tv.

» Local—Although there may be a
total of 100 hours of network color

programs available this year to
help sell color sets, sizeable gaps
in a prospective color set owner’s
viewing schedule remain. As with
black-and-white tv, these gaps will
be taken up by color programs of
local stations.

So far, outside of the networks,
only about 10 stations have equip-
ment for originating live color pro-
grams. Only about 10 color film
scanners have been delivered for
color film use. The four scanner
manufacturers, DuMont, GE, Phil-
co and RCA, are stepping up their
production schedules, however. It
is expected that as color sets trickle
into local markets, more local sta-
tions will order color cameras and
film equipment or convert present
equipment.

TELEPHONE, tv receiver and vidicon camera combine as . . .

Intercom TV Makes Its Debut

TELEVISION-TELEPHONE intercom
system became a commercial real-
ity when Kay Lab recently demon-
strated its new unit. It is designed
around a 17-inch tv receiver, a
vidicon industrial tv camera, a
telephone handset and the neces-
sary switching equipment. Ap-
proximate cost of a two-station
installation is $5,000, with addi-
tional stations costing proportion-
ately less per unit.

» Operation—When the telephone
is lifted from its hook, the caller’s
image appears on one-half of both
his and the called party’s screen.
The answering party’s image ap-
pears on the remaining half of
each screen. Either user can make
the entire screen available if de-
sired, for uses such as viewing
signatures, blueprints and docu-
ments. When the telephone is not

(Continued on page 10)
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Type 10Z pulse transfcrmer at left is coler-coded to
customer specifications. Wnit at right is stancard.

o, -

As a new line of reliable comporents for
digital computers, Sprague has introduced
and is in productien on pulse transformers
of a new type. This transformer lin= is prin-
cipally directed to high speed, low power
computer circuits, with some designs also
finding application in blocking cscillator

circuits, memory ring driving circuits, etc.

Two major types are offered: a miniature
transformer, Type 10Z, for 0.05 to 0.5
microsecond pulse circuits, and a larger
transformer, Type 20Z, for handling pulses
up to 20 microseronds in length. Inter-
mediate sizes and p_ug-in units are akso avail-
able for special customer requirements.

Basic data on tae high reliabil-ty min-
iature transformer is tabulated at right.
Complete details zre in Engineering Bul-
letin M 502. A copy will be sent you on
letterhead request to the Sprague Electric
Company, 35 Marshall Street, North
Adams, Massachusetts,

Sprague, on request, will provide you
with complete applicatien engineering
service for optimum results in the use of

BASIC CHARACTERISTICS OF
TYPE 10Z PULSE TRANSFORMERS

Pulse
Duration

.05 to 0.5 microseconds.

Applications

flipflop circuits « buffer circuits
pulse amplifier circuits * gating cir-
cuits « other circuits with pulse
lengths up to about 0.5 microseconds.

Physical
Description

Hermetically sealed. Housed in cor-
rosion-resistant can with glass-to-
metal solder-seal terminals at each
end. Can length is 34" and diameter
is ¥2”. Transformers can be mounted
and supported by lead wires in most
applications.

Ratios
Offered

Ratio 1:1 — Cat. No. 10Z3
Ratio 2:1 — Cat. No. 1025
Ratio 3:1 — Cat. No. 1024
Ratio 4:1 — Cat. No. 1022
Ratio 5:1 — Cat. No. 10Z1
Special Ratios Available

Maximum
Repetition
Rate

For a pulse length of 0.1 microsec-
ond, pulse repetition rates up to 2
megacycles per second can be em-
ployed.

Pulse
Amplitude

Normally used in circuits whose pulse
amplitude varies up to 60 volts.

D-C
Rating

Maximum working voltage, 300VDC.
Flash tested between windings at
600VDC. May be life tested at 450
VDC between windings, 85°C, for 250
hours.

Temperature

May be operated between -55°C and
-+85°C. Higher temperature units
available on request.

Insulation
Resistance

20,000 megohms minimum between
windings, measured at 25°C and 180
Volts DC.

= WORLD’S LARGEST
CAPACITOR MANU=ACTURER

pulse transformess for computers.

Expcrt For The Americas: S¢ ague Electric International Ltd., North Adams, Mass. CABLE: SPREXINT
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INDUSTRY REPORT—Continued

in use, the monitor can be used
for regular closed-circuit tv, sub-
scription tv or as a standard tv set.

» Use—The tv intercom is de-
signed primarily for applications
in industry, for interplant con-
ferences and other uses where
savings in time and expense can

be made. The system is seen as
being especially applicable as a
surveillance aid. A unit installed
at electrically controlled gate sta-
tions could eliminate the expense
of full-time guards. The cost of
maintaining a single guard posi-
tion at large installations is esti-
mated at $20,000 annually.

INDUSTRY'S FRINGE PAYMENTS INCREASE

OLD AGE INSURANCE, UNEMPLOYMENT COMP, WORKMAN'S COMP_ETC.

13
PROFIT SHARING PAYMENTS, BONUSES, ETC.!

0o 5 10
PERCENT OF TOTAL PAYROLL

'
I15 20

PAYROLLS for electrical and electronic manufacturers increase as . . .

Fringe Benefit Costs Grow Heavier

Electronic firms are among
the top five manufacturing
groups in fringe payments

ELECTRONIC pay envelopes reflect
only part of labor costs for manu-
facturers in the field because of in-
creasing payments made in the
form of fringe benefits. Today these
benefits, measured against total
payrolls in the industry, represent
18 percent of wage costs, 35 cents
per pavroll hour or about $700 extra
per year for each employee.

» Trend—There has been a steady
rise in fringe benefits in the elec-
trical machinery industry classifi-
cation, which includes electronic
firms, since 1947, as is shown in
the chart. In 1947, according to a
survey by the U. S. Chamber of
Commerce, fringe payments in the
field represented about 13 percent
of total payroll, 18 cents per payroll
hour and $390 per year per em-
ployee. In 1951 benefits had jumped

10

to 16.4 percent measured against
total industry payroll, 28 cents per
payroll hour and $616 per year per
employee.

Main increase in benefits between
1951 and 1953 was in the employers’
share for pensions and other
agreed-upon payments such as acci-
dent and medical care insurance
premiums, hospitalization, death
benefits, life insurance premiums,
separation pay allowances and
tuition refunds. Other increases
were in paid rest periods, lunch
periods and payments for time not
worked. Bonuses and profit-shar-
ing payments showed a slight drop
for the industry in the period.

» Where—Amounts paid in fringe
benefits vary with a manufacturer’s
location in the U. S. Producers in
the North East, from Pennsylvania
to Maine, paid 18.4 percent of pay-
roll in fringe benefits for the high-
est percentage in the country.
Manufacturers in East North
Central States paid 16 percent of

payroll and those in the West spent
15.2 percent in fringe benefits.

Size of the company affected
benefit payments randomly. Accord-
ing to the survey, those companies
in the field with between 500 and
999 employees paid 18.1 percent of
total payroll in fringes. Companies
with under 500 workers and others
with between 1,000 and 2,449 work-
ers paid 17 percent. Firms with
2,500 to 4,999 employees paid 16.2
percent and those with 5,000 and
over paid 16.9 percent of payroll in
fringe benefits.

» Comparison—Total fringe pay-
ments made by other manufactur-
ing industries show wide variation.
Electronic and electrical manufac-
turers ranked sixth among 12 in-
dustries in benefits paid. Petroleum
companies led all industries sur-
veyed with fringe payments equal
to 28 percent of total payroll
Transportation equipment manu-
facturers were lowest with 14.8
percent. The fact that there is
variation in the amounts paid by
each industry group may not mean,
however, that one industry is
ahead or behind another because, in
many cases, the employer and the
workers may prefer to have in-
come reflected entirely or chiefly
in the payv envelope.

U.S. Navy Encourages
Automatic Production

Bureau of Aeronautics adopts
new policy giving preference
to mechanized electronics

DivisioNs of Navy's Bureau of
Aeronautics concerned with the
design and procurement of elec-
tronic equipment have been di-
rected to encourage electronic
contractors, through development
and production contracts, to utilize
mechanized production techniques.
According to the new policy,
BUAER intends, whenever prac-
ticable, to select new designs for
electronic equipment that have the
increased mobilization potential of
mechanized production. The auto-
matic production of equipments
(Continued on page 12)
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Magnets 1or rotors or stators
...dny dleslgn or size you may require.

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 rotor 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

“MAGNETIC MATERIALS CATALOG” best assurance of high quality standards and uniform performance.

Write for your copy wapsiea
Contains handy data on various types of ]

e and oformbsen on ouke piem Tm: ARNOLD ENG!NEERLNG CoMPaNY

nent magnet materials. Also includes

valuable techrical data on Arnold tape- _ SUBSIDIARY OF ALLEGHENY LUDLUM STEEL CORPORATION
wound cores, powder cores, and types
*C” and “E” split cores in various tape M General Office & Plant: Marengo, Hlinois
gaiiges dnd| cote Sizch A~ - CISTRICT SALES OFFICES . .. New Yorx: 350 Fifth Ave.
ADDRESS DEPT. E-10 LD (s Angele: 3450 Wils har» B!vd . Bostoa: 200 Berkeley St.
Ji i 2 N N e T AT L
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INDUSTRY REPORT— Continued

with high mobilization require-
ments will be particularly encour-
aged where it will substantially
reduce the lead time required for
mobilization production schedules.

» Aim—Purpose behind BUAER’S
new policy is to develop sufficient
capacity in the electronics indus-
try to produce the large volume
of military-quality equipments
that will be required in the event
of a global war. The Bureau feels
that progress in the field of me-
chanized production has now ad-
vanced sufficiently to warrant its
use in field equipment for the fleet.

» Status—So far the only product
in current production for BUAER
that uses mechanized techniques
is the sonobuoy under a contract
with Willys Motors. This contract,
however, is drawing to a close and
it is reported that the company is
contemplating moving out of this
field. The machines in its pilot
plant are owned by BUAER and
no decision on their disposition
has vet been made.

» Advances—National Bureau of
Standards is continuing to develop
components for use in Tinkertoy
production. A self-adhesive tape
capacitor, manufactured in much
the same manner as the NBS tape
resistor, has been developed. It
can be applied to one side of a
wafer.

Defense Needs Spur
Lighting Panel Sales

PLASTIC LIGHTING PANELS that per-
mit military pilots to read their
instruments without losing their
dark adaptation or night vision
sustain about a $10 million indus-
try filling largely defense needs.

» Market—A new B-52 bomber re-
quires 175 panels—covering for
the most part electronic equip-
ment. Another 30 to 40 panels are
installed on government-furnished
equipment mounted in the plane.
Plastic lighting panels are expen-
sive since they must be made to
exacting tolerances. Twenty-nine
firms are reportedly in the business,
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although a half-dozen of these
claim to do the lion’s share of the
business. The industry is concen-
trated near New York, Chicago
and Los Angeles.

» What Is It—Basically a plastic
lighting panel is a fs-in. sheet of
clear methacrylate plastic in which
is embedded a tiny light bulb
equipped with a red filter. The
panel is then painted an opaque

Industry Proposal

RETMA committee would
add low-power stations
to aid tv coverage

CONTROVERSY on how to help uhf
television may taper off fast if
industry plans for modifying Com-
mission rules get the green light
in Washington. A special com-
mittee of Radio-Electronics and
Television Manufacturers Associ-
ation suggests two new classes of
television stations. Such stations
are expected to improve television

black with the lettering and in-
dicators done in translucent white.
The panel is thus black and white
by day and red by night. Such
a panel is transilluminated.

Red light is chosen to illuminate
the panels since a pilot may look
at a dim red light and preserve
his night vision. Military specifi-
cations require that the light
source may be dimmed over a 7 to
1 ratio.

Spurs UHF-TV

coverage for both vhf and uhf.

» Definitions—One type of station,
defined by the committee as a
satellite, would operate unat-
tended on the same television
channel as the primary or con-
trolling station upon which it de-
pends for all its program and
identification material. Such a
station has been commonly called
a booster—a term now deleted by

the committee.
The other type, a Special Serv-
(Continued on page 14)
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Receiving antenna made up of eight zigzag rods receives weak television signal
37 miles from the WJTV transmitter in Jackson, Miss. Signal is amplified and

rebroadcast from low-power

RCA transmitter

attached to similar high-gain

antenna to fill holes in coverage area of this uhf television station
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Now it is possible for progressive manufacturers to produce their own
precision electronic components. For example, the Automatic Lead Wire
Welding Machine, shown below, was recently designed and built by Kahle
to produce 12,000 3-piece leads per hour for miniature receiving tubes.
Although this machine, Model 2148, is designed to make standard welds,
it is but one step from a machine to produce leads for electronics' latest
wonder ... the irensisior. In addition, Kahle has produced a fully automatic
Filament Making and Tabbing Machine, Mode! 2036, that produces from
1,200 1o 3,000 filaments per hour depending upon wire diameter.

These machines reflect Kahle's ability to design and build special-purpose
machinery to ineei any given specifications. Regardless of your current
production problems, learn...without obligation . ..how Kahle's more than
40 years of practical experience can benefit you.

For specific information, write Kahle ... now.

ELECTRONICS — Octob-r 1354 Want more information? Use post card on last page
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INDUSTRY REPORT—Continued

ices station (usually referred to
as a satellite, in current parlance)
would operate on a normally allo-
cated television channel, but with
relaxed rules and regulations per-
mitting a favorable economic oper-
ation. Such a station might start
with reduced power and antenna,
depending solely or in part upon
other stations or sources for pro-
grams.

» Equipment Market—Experts are
guessing that a satellite package—
including 100-ft tower, antenna,
10-kw transmitter and housing—
might come not lower than $10,000
and probably not more than $15,-
000. In a couple of vears there
might be a hundred of them. Some
uhf stations might need two, three
or four to fill pattern holes.

Besides guessing that they will
be useful and maybe plentiful, the
manufacturers are silent on how
many relaxed-rule stations the
country can absorb. It depends,
they say, on how far the rules
relax. For example, a 100-watt job
complete might run in the vicinity
of $50,000. By contrast, a full-
rules 1-kw station costs about
$200,000 and operating costs
are commensurate. Relaxed rules
might make television economi-
cally feasible for communities un-
der 100,000 population.

Low-power stations operating
with experimental licenses on the
same or different frequencies from
the mother station have been in
existence for some time. Reports
of satisfactory service indicate
that the new proposal is sound.

Airline Orders Boost Radar Sales

Storm warning gear for big
transports looms as multi-
million-dollar business

SALE of airborne storm-detecting
radar to commercial airlines may
become a major part of the non-
military radar business. Both
domestic and overwater carriers
are interested in the equipment,
which warns pilots of impending
storms while providing a map
of terrain features below. Big ad-
vantages are increased safety and
added payload since extra gas
need not be carried for flying long,
circuitous paths around storm
centers. The pilot can see the

Radar displays may become road maps
for civilian pilots
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storm’s center and select the
shortest route around it.

» Overseas—Panagra, which tlies
to Latin American points, has had
a Bendix 9,000-me set installed
aboard one of their new DC-6B’s
since April. The line plans to buy
five more sets for installation
aboard its new DC-T’s. Delivery
is planned for 1955. Cost is $35,-
000 per plane, installed.

Other overwater carriers are
looking into storm-detection radar.
These include Air France, BOAC
(British), KLM (Dutch) and Sa-
bena (Belgian). In addition, many
private firms with their own ex-
ecutive fleets are enthused.

» Other Lines—The Dboard of
United Air Lines has earmarked $4
million for storm-detection radar
on their new DC-7’s. This action
follows four months during which
an RCA 5,400-mc set was flight-
tested aboard a United Air Lines
plane. According to RCA, four
other carriers—Braniff Airways,
National Airlines, Pan-American
World Airways and Trans-World
Airlines—have also requested
equipment for flight evaluation.
Delivery is promised for this year.

The RCA unit operates in the
C-band, which some experts claim

is best for weather-monitoring
purposes. The unit weighs 150 Ib
and has a 75-kw transmitter.

» Military—Meanwhile, the Sperry
Gyroscope Co. has announced the
APN-59, a lightweight radar for
installation on Air Force cargo
and troop-carrying planes. The
Sperry radar, it is claimed, com-
bines terrain clearance data, colli-
sion warnings and search and sur-
veillance functions with its navi-
gational and storm warning duties.

Rebuilt Picture Tube
Sales Increase

Growing portion of total pic-

ture tube sales is being made
up of reworked glass envelopes

MORE rebuilt picture tubes are
being used in U. S. tv sets. Last
vear over 1.2 million reworked
tubes were sold. The trend so far
this vear indicates that 1954 sales
will go considerably higher.

» Companies—It is estimated that
nearly 40 firms of all types are en-
gaged in rebuilding tv picture

SALES TREND IN REWORKED C-R TUBES
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THOUSANDS OF REWORKED G-R TUBES
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tubes. Bulk of the business, how-
ever, is being done by about 5 com-
panies in the field.

Many of the major new tube
manufacturers have been in the
rebuilding business at one time or
another. Some major tube makers
have glass allowance programs in
effect whereby they pay service or-
ganizations for burned-out tubes.
The fact that major glass envelope
manufacturers no longer produce

(Continued on page 16)
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Barry Engineers

Report on
Design Methods

Technical articles written by Barry
engineers over the past several
yvears on the protection of electronic
apparatus against damage by vibra-
tion and shock, are now available.
The information presented covers
both the theoretical and the practi-
cal aspects of shock and vibration
protection—for aircraft, naval, mo-
bile, and industrial equipment.

Engineers who wish copies of these
reports may obtain them by asking
for them by number; requests
should be addressed to Mr. A. S.
Chivers, Barry Corporation, Water-
town, Mass.

Designing for Shock Resistance
By Charles E. Crede and Miguel
C. Junger. Reprinted from “Ma-
chine Design”, Jan. 1951.
Bulletin R-511

Shock Testing of Airborne Equipment
By Charles E. Crede. Reprinted
from ‘“Tele-Tech”, July-August
1951. Bulletin R-518

How to Evaluate Shock Tests
By Charles E. Crede. Reprinted
from “Machine Design”, Deec.
1951. Bulletin R-521

Toned-Down Noise Tunes Up
Operation
By Charles E. Crede. Reprinted
from “Steel”, Feb. 25, 1952.
Bulletin R-523

Mounting Keeps Vibration in its
Place
By William C. Gallmeyer. Re-
printed from “Steel”, May 18,
1953. Bulletin R-535

Shock or Vibration Isolators?
By J. Markowitz. Reprinted from

“Product Engineering” June,
1953. Bulletin R-536
Mock-ups for Vibration and
Shock Testing
By Charles E. Crede. Reprinted

from “Product
July, 1953.
Bulletin R-537

Engineering”

Vibration Isolators speed up plant
changes
By Harold Wrigley. Reprinted
from “Plant Engineering” Jan.
1954. Bulletin R-541

The Role of Shock Testing Machines
in Design
By Charles E. Crede. Reprinted
from “Mechanical Engineering”
July, 1954,
Bulletin R-544
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DATA?

CATALOG 523-A. Air-
damped Barrymounts
for shock and vibration
protection of military
aitborne equipment.

BULLETIN 532. Vibra-
tion isolator Type 915,
for isolating vibration
and noise caused by
high-speed motors or
motor-driven equip-
ment.

BULLETIN 533. Me-
dium-impact shock ma-
chine Type 150-400
VD, for qualification
and acceptance shock
tests up to 77g.

BULLETIN 534. Series
M44 ALL-METL vibra-
tion isolators and Series
TOMA mounting bases,
for military airborne
equipment under ex-
treme operating condi-
tions.

BULLETIN 535. Com-
ponent shock machine
Type 20 VI, for quali-
fication and acceptance
shock tests up to 210g.

DO YOU WANT

Complete

i

o
=

"LOOK — NO LAGGING!"
Increasing profits through the
use of the new Leveling Barry-
mount for industrial machinery.

" -

SHOCK, VIBRATION and NOISE

sevies TOMA
mounting basss

BULLETIN 536. Series
M64 ALL-METL vibra-
tion isolators and Series
AOMA and NOMA
mounting bases, for mil-
itary airborne equip-
ment under extreme
operating conditions.

BULLETIN 537. Se¢ries
262/633 vibration iso-
lators, for isolating vi-
bration and noise caused
by medium-speed mo-
tors or motor-driven
machinery.

BULLETIN 538. Series
670/297 shock and vi-
bration isolators, for iso-
lating shock caused by
impact-type machines,
and vibration and noise
caused by heavy rotating
or reciprocating
machines.

Here are complete engineering data, application information, and pointers
to profits in every field of shock and vibration isolation. Write TODAY
for your free copies of the ones yox need,

THE BA R R Y CORP.

707 PLEASANT ST., WATERTOWN 72, MASSACHUSETTS

SALES REPRESENTATIVES IN

Atlantc Boltimore Chicoge Clevelond Dallos Doyton Detroit Los Angeles Minnecpolis New York
Philodelphia Phoesiz  Rachester St. Louis Sam Francisco Seattle Toronto Washingtan

Want more information? Use post card on last page.




INDUSTRY REPORT—Continued

some of the smaller-sized enve-
lopes indicates that a few manu-
facturers may be reusing glass en-
velopes for such replacement sales.

» Cost—Main reasons for the suc-
cess of the reworked tube business
are price and the growing replace-
ment and second-set markets.
Prices of reworked tubes vary
from 60 to 90 percent of the cost
of a similar new tube. This price
differential has become important
especially to the small-screen re-
placement market where the con-

sumer is unwilling to pay the full
price for a small screen. This is
especially true, according to tube
companies, where the tube is to be
used in a second set in the home.

Rebuilt tubes also find a market
in some new tv sets that are on
the market. According to one re-
builder, at least four major tv set
producers use reworked picture
tubes in their current lines.

» How—There are many degrees
of quality in rebuilt tv picture
tubes. In some only the envelope

itself is reused. The old tubes are
taken in, washed out, refaced with
phosphor and the guns are re-
placed. In other rebuilding opera-
tions only the gun or a defective
part in the tube is replaced or re-
paired before the tube is put back
on the market.

Currently the dominant sellers
in rebuilt tube lines are in the 16
to 19-inch size bracket. But re-
builders expect that soon the 21-
inch rebuilt will be the volume
seller, as it is now for new picture
tubes.

HOW THE VOICE OF AMERICA COVERS THE GLOBE
d\:‘"——ra

7

, ~ MEDIUM
;/ CWAVE 7 N

SHORT-WAVE RELAYS beam programs to powerful transmitters overseas, as . . .

Uncle Sam’s Radio Voice Increases in Volume

Equipment buying and rental
mean business for broad-
casters and manufacturers

VOICE OF AMERICA is probably the
world’s biggest broadcasting net-
work—if not in number of outlets,
certainly in total kilowatts of sig-
nal on the air. The voice broad-
casts 75 separate programs daily,
amounting to 31 program hours in
38 different languages to a world-
wide audience estimated at 400,-
000,000.

» Nerve Center—New $700,000
studios in Washington’s Health,

16

Education and Welfare building
will feed 77 transmitters. Thirty
of these are located in continental
United States and are used as
short-wave relays. Transmitting
facilities within the U. S. are
rented by the Voice and private
firms in the international broad-
casting business collect $1.9 mil-
lion annually.

» Qutlets—The Voice operates one-
million-watt transmitters in Mu-
nich, the Philippines and Okinawa.
Cost of these monster transmitters
is estimated at a dollar a watt.
Other high-power facilities are lo-

cated in Salonika, Tangier, Ceyvlon,
Honolulu and aboard the U. S.
Coast Guard Cutter Courier un-
chored off the island of Rhodes in
the Eastern Mediterranean. The
Voice has spent $15 million on
capital equipment in the last five
years.

In addition to this equipment
the Voice rents facilities from the
BBC regularly and from local
broadcasters overseas whenever
additional coverage is required or
when Russian jamming tempo-
rarily dislocates normal opera-
tions.

(Continucd on page 18)
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Introduced by General Radio Company in 1949, the
VARIAC® Motor Speed Control won immediate
acceptance as a new and unique system for varying
speed of d-c motors operating on a-c lines.

Separate selenium rectifiers for field and arm-
ature, with a VARIAC continuously-adjustable auto-
transformer ahcad of the armature rectifier, provide
a unique combination ol characteristics. This is a true
adjustable armature-voltage speed control in ex-
tremely simple and compact form.

VARIAC Motor Speed Controls leature:

Very Wide Speed Range —continuously-adjustable from rated
speed to zero. I'ull rated torque can be delivered even at zero
speced continuously without overheating.

No Electron Tubes — selenium rectifiers require no warm-up —
motor starts immediately when the power is turned on

Excellent Controlled-Starting Characteristics—delicate equip-
ment can be started without jerk. Heavy machines can be
started very quickly.

="
I8 MOTOR SPEED CONTROLS

for Adjustable, Constant-Speed Operation
of D-C Motors from A-C Lines

Very Fast Start-Stop-Reverse —ample capacities permit heavy
loads to be started, stopped and reversed repeatedly, with-
out damage

Extra-Smooth Torque —satisfics the most critical requirements
for low torque pulsation—excellent for such applications
as preciston grinding

Effectively Eliminates Need for Gears, Step Pulleys, and other
types of mechanical speed changers. Any speed desired can
be obtained

Low Initial Cost— Simple Installation

Long Life with minimum maintenance —no tubes to replace

Available in 9 Models for d-c motors from 1/15th hp and less
to 114 hp
Prices shown do not include motor. Standard
_motors for each control are sold separately and are
obtainable from General Radio. Prices and specifi-
cations on requcst.

We sell direct. Frices shown are NET,
f.0.b. Cambridge or W. Concord, Mass.

Type 1701-AK ., $75 Type 1701-AM . . $75 § Type 1701-AU .. $75 : Type 1703-A .. $97.50 | Type 1700-B . . $170
For shunt-wound d-c motors.  Similar to Type 1701-AK § For high-speed shunt motor per- For d-c shunt or compound- For d-c shunt or compound-
Toggle switch selects speed (above) except speed formance from universal motors. wound motors. Dynamic braking | wound motors. Dynamic braking
range; either 0 to rated or range O to rated, only. § Speed range 0 to rated. All controls for extra fast stopping. Speed for extra fast stopping. Speed
0 to twice rated. All controls  All controls on panel. on panel.. range 0 to rated. All controls range O to rated. All controls
on panel, . on panel. on panel.

Type 1702-A .. $245 Type 1702-M . . $350 Type 1704-A . . $470 Type 1705-A .. $495
For d-c shunt or compound- Identical with Type 1702-A (above) ex- For d-c shunt or compound-wound Identical in size and appearance with
wound motors. Dynamic braking, cept for push button opzration at remote § motors. Speed range O to rated. For Type 1704-A (above). For d-c shunt and
Speed range 0O to rated. All con- control station. push button operation at remote compound motors. For push button op-
trols on panel. » control station, eration at remote station. Speed range
' 0 to rated.

Since 1915
Manujar.‘urfr! af Elcctronic ﬂppc alus

or Science and [ndustry

GENERAL RADIO Company

275 Massachusetts Avenue, Cambtidge 39, Massachusetts, U.S. A, .

90 West Street NEW YORK &

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

1000 N. Seward Street LOS ANGELES 38

To meet the requests of many manufacturers and users
who want to incorporate these versatile units into their
own equipment or machines, four models are now supplied
in stripped-down form,

They consist of the basic components mounted on a panel
and wired to a terminal strip; all necessary leads are
brought out.

All of the standard functions of the mounted models,
including fusing, dynamic braking and start-stop-reverse
can be incorporated easily in the external circuits in
the users equipment.

[llustrated is the Type 1700-BW for 1/4-1/3 hp
motors. Unit Price: $135.00. Other models available
are for 1/6, 3/4 and 1 hp.

Quantity prices on the stripped-down units are avail-
able upon request.

Write for the VARIAC MOTOR SPEED BULLETIN

WWW.americanradiohistorv.com
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Transistor Developed For UHF

New pnip design presents
potential threat to tv
tube manufacturers

PRESENT-DAY TRANSISTORS cannot
be used in many television re-
ceiver circuits because of fre-
quency limitations inherent in
their design. A new transistor de-
veloped by Bell Labs oscillates at
440 mc and is expected to eventu-
ally oscillate at 3,000 me, which in
effect will remove the frequency
limitation from the transistor
business.

» Construction—The main differ-
ence between this and conven-
tional junction transistors is
incorporation of a layer of chem-
ically pure germanium termed an
intrinsic barrier. This layer is

Heart of intrinsic barrier transistor as
seen through microscope. Input and
output electrodes are connected to the
indium dots on opposite sides

located between the usual pup
layers to form a pnip configura-
tion. Besides decreasing capaci-
tances between the transistor in-
put and output areas, the intrinsic
layer permits the transistor to be
operated at much higher voltages.

Traffic Control Saves $3 Million

Newly available frequency
permits replacing cables
with coded radio signals

CHICAGO is going all-out for an
electronic solution of traffic prob-
lems that many other big cities
have encountered. The direct solu-
tion is synchronization of all im-
portant intersections to speed in-
coming morning traffic and out-
going evening flow of vehicles.
Sufficient cables to do the job would
cost $7,500 an intersection. So
Chicago will use coded radio sig-
nals.

» Basic Problem—During most of
the day, inbound and outbound cars
will receive equal consideration,
with cross-traffic given its chance,
too. Control signals to program this
operation will be sent out from a
central station.

Once the special morning and
evening signals have been sent,
they will generally require no
further attention—except in bad
weather. Roadside neon signs will
show the optimum speed for which
the system is set so the motorist
can proceed without stops. Need
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for exact timing control becomes
evident when it is understood that
the distances between traffic signals
are not identical. A steady traffic
pace can be kept only if each in-
dividual light receives the code that
ties it in with the rest.

» Pilot Run—For a start, the city
will equip eleven heavy-traffic in-
tersections with antennas, receiv-
ers, decoders and traffic-light con-
trollers. Two other intersections, 8
miles from the transmitter, will be
similarly equipped.

At present, Chicago has 1,200
signalized intersections. Plans call
for an eventual total of 3,000. Of
these, some 450 will need the
special steady-pace signals. Con-
nected by cables the control system
would cost $3,375,000. Using radio,
costs drop to about $480,000.

» How It Works—Top pace for
rush-hour traffic is expected to be
30 mph. When fog, sleet or snow
occur, the optimum speed must be
reduced, but smooth flow will be
possible only with exact, individual
timing of lights. Information to
set this timing will be sent out as
a series of coded pulses. Each re-

ceiver will pick out only the pulses
assigned to it. The radio signals
will emanate from the tower of the
Board of Trade in the Loop. Trans-
missions will radiate on a newly
available frequency of 27.255 me.
On-the-air time will normally
amount to 0.2 second out of each
hour.

Because other cities at great
distances, and medical and indus-
trial radio equipments can use fre-
quencies in the same band, the
Chicago signals must be highly
coded to avoid traffic snarls from
other transmitters.

Receiving Tube Makers
Push Volume Sales

Manufacturers concentrate
bulk production and sales on
four entertainment tube types

FacTorYy sales of receiving tubes,
averaging about 40 million units a
month so far this year, are made
up largely of entertainment tube
types for the home market. In
June, for example, of the 31 mil-
lion tubes sold, approximately 80
percent were accounted for by
sales of major entertainment re-
ceiving tube types. Of these, about
20 percent were represented by
four tube types, the 6CB6, 6SN7GT
& GTA, 6AU6 and 12AU7, with
total sales of 5.6 million units, as
shown in the chart.

» Market—The initial equipment
market is the main one for the top
tube sellers shown. Renewal sales
are also substantial, although only

MILLION-A-MONTH TUBE SELLERS

n

[ 6CB6

Wl INITIAL EQUIP
[J:RENEWAL

[J:0THER
6AUE

6SN7GT-GTA

JUNE FACTORY SALES IN MILLIONS OF UNITS

[e]

ENTERTAINMENT TYPES

(Continued on page 20)
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6ANSWA
High Transconduccance 5814WA OLIA 5651TWA

1
Power Pentode low My Dual Trioce 08 ‘olt Regulator Tebe VoBage Reference Tube

L | = A
_ "

5654 /6AK5W /609 b 5726 /EBL5W 6097
Sharp Cutoff Pentode Dudl Dixde .
5670WA 6100 /6CAWA
Mediver Mg Diaal Triode Llow Mu Triode

6101/EJ6WA
Medivm Mu Dual Triode

these are the

ANDOU

for exacting military and commercial applications

T WY

RELIABLE MINIATURE TUBES

These tubtes have earned the right to
your confidence — and specification — by the:-
demonstrated alulity to stand up uncer the toug-est
service conditons . . . They are stible rugged, reliable.
Thev are subject tc rigid quality coaral . . . Many of them
meet 1000 hour life tests at elevated temoeratures . . .
All of them meet the latest mil:tary Reliable Tubs
specificatiors . . . Specify them with cozfidence.

RAYTHEON MANUFACTURING COMPANY

RAYTHEON % AKES ALL THESE:
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INDUSTRY REPORT— Continued

the 6SN7, a relative oldtimer, has
shown replacement sales exceed-
ing 50 percent of initial equipment
volume. Sales to other markets,
which include government and ex-
port sales, represent only 30,000
units monthly for each of the four
tvpes.

» Use—The 6CB6 and GAUG6 are
sharp-cutoff pentodes of miniature
type, used in tv sets as an i-f ampli-
fier and as an r-f amplifier in vhf
tv tuners.

The 6SN7-GT, a medium-mu
twin triode, is largely used as a
horizontal oscillator in tv re-
ceivers.

The 12AU7, a medium-mu twin

triode, is a miniature type used in
tv sets, as a phase inverter or
amplifier in a-c/d-c radio equip-
ment and in many diversified ap-
plications such as multivibrators
or oscillators in industrial control
devices.

» [Future—There are signs that
new tube tvpes may take over as
sales leaders. Several manufac-
turers have introduced receiving
types designed for application in
tv sets that use series-connected
heaters. If series-string tv goes
over, the 6CB6 may be replaced by
the 3CB6, the 6SNTGTA by the
6SN7GTB, the 6AU6 by the 3AUS6
and the 12AU7 by the 6AUT.

Amateur Radio Sales Make Gains

Volume of transmitters and
receivers sold increases as
more hobbyists enter field

COMPANIES in the amateur radio
equipment manufacturing field
have experienced substantial in-
creases in sales in the past few
vears. This is pointed up by the
fact that in the last vear alone,
the number of transmitters author-
ized to operate in the amateur radio
service increased by 12,000 for one
of the largest gains on record.
Since 1951 the number of
amateur transmilters authorized
has increased from some 90,000 in
1951 to 123,000 in June of this
year. Receiver sales have shown a
similar rising trend. Manufactur-

|3c?«MATEUR RADIO BUSINESS GROWS
1

[ele 8

1o of

THOUSANDS OF TRANSMITTERS AUTHORIZED

o A e D
| JUNE'SI JUNE'S2 JUNE'S3 JUNE'S4
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ers estimate that receiver sales
have far exceeded transmitter
sules because of larger export

volume and sales in the hi-fi field.

» Why—Some of the main reasons
for growing sales of transmitters
and receivers for amateur use in
the last 4 years are the changes
made in amateur rules by the FCC.
License requirements were relaxed
with the establishment of the novice
class, which is the most elementary
type of amateur operator license
available, and the technician class
which lowered code requirements.
Since July 1951, when the novice
class was established, over 22,000
such licenses have been issued. In
the technician class more than 7,000
licenses were issued in the period;

New amateur receiver made by Ham-
marlund uses printed circuits in r-f
section and sectionalized mechanical
construction

the number of extra-class licenses
at the close of 1953 was 1,300, an
increase of 400 over the previous
year,

» Equipment—There are approxi-
mately 30 manufacturers of ama-
teur transmitters and about the
same number in the amateur re-
ceiver flield. Transmitter and re-
ceiver kits account for the majority
of sales in the field. However, some
manufacturers note that there Iis
a tendency now for more amateurs
to buy factory-made equipment be-
cause of television interference
caused by some home-made sets.

New development in the factory-
made amateur equipment is the use
of printed circuits in receivers. The
short-wave set shown uses a tin-
plated copper-on-XXXP-phenolic in
the r-f section. Sectionalized
mechanical construction similar to
plug-in unit construction found in
some military equipment is also
being used.

Renegotiation Changes
Help Manufacturers

Fewer government contracts
are subject to review as Con-
gress passes revised bill

ELECTRONIC manufacturers who
have had government contracts
subject to renegotiation may gain
some relief under the revised Re-
negotiation Act recently passed by
Congress. Under the new bill a
manufacturer with an annual in-
come from government contracts
of $500,000 or under is not subject
to renegotiation. Previously, the
minimum was $250,000. The new
minimum applies to fiscal years
ending on or after June 30, 1953.

» Changes—The revised Act also
eases other provisions of the 1951
bill. It exempts from renegotia-
tion, under certain conditions, con-
tracts for standard commercial
articles as defined in the bill. This
applies when cost figures supplied
by contractors show that competi-
tive conditions prevent excessive
profit. It also applies if the Rene-
gotiation Board does not find ex-

(Continued on page 22)
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An Announcement

of the Utmost Importance to Engineers
Doing Research and Design

Work in the Entire Audio

Frequency Range.

Burnell and Co., Inc.

is proud to announce the development
of an entirely new product—

SN
Lt SR

a Variable Toroidal Inductor ...

ROTOROID will prove to be a valuable aid in the solution of many
engineering problems — in research and design — and opens new possi-
bilities for production which were previously impractical or impossible.

RSToRoiD

An outstanding feature of ROTOROID is that,

@ - . isa continuously variable, stepless toroidal inductor which can atf f:‘ha"im“"}d"f}:’“‘:'atf“{e: “Tl;m"i‘iﬁs the full Qt

1 . g e g o ° (3] e toroid 1t contains. us, € user I1s a

prOV{de a 3:1 range of maximum to minimum inductance in 180 once able to take advantage of the high Q char-

rotation of a shaft. acteristics of toroids while at the same time

@ . . employs no mechanical resistance contacts and is therefore Repyneflarpilat] e Retisble MAUICION Inot [Bicy
free of noise and wear ously available in a toroid.

@ - - requires no DC saturating currents and thereby climinates the Applications: Virtvally unlimited. Just a few of the

need for circuitry, many possible uses of ROTOROID are:

® Tunable Audio Oscillators

® Variable Z Devices

¢ Servo Systems

® Telemetering

® Adjustable Selective Networks
@ . . is hermetically sealed and is virtually vibration and shock- ® Variable Phase Shift Networks

proof, can be chassis or pancl mounted. ® Variable Filters
® Electro-Mechanical Control Systems

P ™
Q&'\T’[?) Write Department C for further information. Availability: Immediately available:
i% Y

‘ . .. is applicable ‘over the entire audio range (from approximately
300 cps). ROTOROID is not limited to any stock value of nominal
inductance. It is available in any value of inductance now available
in regular toroids.

ROTOROIDS VTI-A and VTI-B which are

] T ; equiyalent in electrical characteristics to Burnell
k ]\,\]\] BU rnell & co., Inc. toroids TC-16 and TC-3 in cascs 2%"” in diam-
.LJ/\ = } eter, 3-1/16” long. Soon to be available: two

e, ! L»_j Yonkers 2, New York miniature types, VTI-C and VTI-D, equivalent to

Burnell toroids TCO and TC-6.

PACIFIC DIVISION: 720 Mission Street, South Pasadena, California

FIRST IN TOROIDS AND RELATED NETWORKS
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INDUSTRY REPORT—Continued

cessive profits within six months
after cost figures have been filed.

» Effect—The changes in the Re-
negotiation Act as applied to the
electronic industry may be bene-
ficial chiefly to small manufactur-
ers since most of the larger firms
in the field have had annual in-
come from defense contracts in
excess of $500,000. Sylvania, for
example, estimates that about $60
million or 22 percent of its 1953
sales are government sales subject
to renegotiation.

Even under the old Act, how-
ever, most major electronic manu-
facturers were not required to
make refunds because profits were
not excessive. It is estimated that
less than five percent of all Navy
contracts renegotiated have been
subject to substantial refunds.
However, many large companies
continue to make provision for pos-
sible renegotiation refunds in
their financial statements.

More U.S.Watchmakers

Make Electronic ltems

NEED for diversification in the face
of sliding markets and foreign
competition has led major watch-
makers in the U.S. to move into

Magnetic disc recorder con be con-
verted to standard 45-rpm phanagroph
with plug-in cortridge ond spindle
adapter buttan

tronics industry has been a lead-
ing choice for many of them. About
eight watch manufacturers are
now connected with the industry
in some degree. Two of the latest
entries are U.S. Time and General
Time.

» Products—Electronic products
made by watch firms range from
guided missile components to mag-
netic recorders. U.S. Time re-
cently introduced a magnetic disk
recorder and plaver to retail at
$59.95, aimed at the mass home
market. Under development for
the past yvear in the firm’s elec-
tronic division, the recorder uti-

new business fields. The elec- lizes a new magnetic recording
OVERSEAS TELEVISION TODAY
Scanning
Estimated Hours Annual Trans- Lines

Country Total Sets a Week Fee mitters per Frame Price of Sets
Argentina 30,900 35 none 1 625 $1,000 (21=in.)
Belgium . 10,000 30 o 2 625 & 819 $300
Brazil . . 110,000 130 none 4 525 & 625 $900-1,100 (2(=in.)
Colombia 2,000 21 none 1 525 .
Cuba . . 135,000 176 none 5 525 %165 (17=in. Croslcy)
Denmark 1,400 5 $7.00 1 625 %290
Dominican Re:. 5,000 40 none 1 525 %165 (17-in. Crosley)
England . 3 500,000 45 $8.40 8 405 $185
France. 108,000 28 $12.00 3 819 $285
French Moraccco . 1,000 . . 1 819 d
German Fed. Rep. 60,000 17 $15.00 7 625 $230
Ttaly . . 50,000 32 $20.00 8 625 $275
Japan . 10,000 L Ja 2 525 .
Mexico 75.000 130 none 6 525 $165 (17-in. Crocley)
Netherlands 8,000 4 2 625 $290
Philippine I« . . 21 . 1 525 .
Spain 600 3% $19.02 1 625 $375
Switzerland 4,000 16 $14.00 2 625 $240
Thailand ofp o 3 . 1 525
Venezuela . 30,000 84 none 3 625 $500

Source: Voice of America. Reliable figures are not available for U.8.8.12. and her satellites.
Hours per week refer to total unduplicated program hours over all stations. Price of sets is based
on price of cheapest set generally available
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head structure and disks composed
of iron oxide coating on a plastic
base. Recording time is 33 minutes.
Tracking is achieved by placing a
grooved metal disk over the center
portion of the coated plastic rec-
ord. A stylus on an extension
of the pickup arm rides in this
groove. The company also plans to
enter the tape recording field.

General Time, through its Strom-
berg division, plans to introduce
an electronic time system to sup-
plement its present industrial tim-
ing equipment line. Their move
into electronics was prompted
more by the trend in an estab-
lished product than as a diversifi-
cation move,

Financial Roundup

INCREASED financial activity among
companies in the electronic field
was evident in the past month as
eight firms made profit reports and
eight companies announced secu-
rity transactions.

Following are the net profit re-
ports of nine electronic manufac-
turers for the fiscal periods indi-
cated:

Net I’rofit

Company 1954 1953
Acme Blectrie 12m $190,785 $239,602
Admiral 6m 2,558,850 4,762,152
American Bosch Arma

6m 1,411,965 851.569
American [Slectronics

6m 138,325 50.704
CBS 6 5,177,119 4,793,370
Cornell-Dubilier 9m 1,012,000 1,258,000
Daystrom 3m 105.767 324,219
Sperry  6m 11,773,813 7,997,479
» Securities — AT&T registered

with SEC covering $250 million of
30-year debentures due Sept. 15,
1984 to be offered for sale at com-
petitive bidding. Proceeds will be
used for advances to subsidiaries,
purchase of stock by subsidiaries
and associates, plant expansion and
improvement and for general cor-
porate purposes.

Ketay Instrument registered with
SEC covering 300,000 shares of
common stock, 10 cents par value,
to be offered for sale to the public.
Net proceeds of 200,000 shares will
be applied to payments in full of
outstanding obligations of $1.5

(Continucd on page 24)
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Five thousand, when compared to the na-

tional debt, is a small number. But when
one company has manufactured over
5000 different types of special capacitors,
this number becomes impressive. Yet,
Hammarlund has done just that, in addi-
tion to turning out a line of standard
variable capacitors. The majority of these
special types were designed by us to meet
customers’ specifications — others were
built to customeérs’ designs. Some were
quite large and intricate, while others
were tiny enough to do a big job in mini-
ature devices. They all have one thing in
common: They are all built to Hammar-
lund’s rigid quality standards—built to
give optimum results,

If you have a problem calling for a spe-
cial capacitor, it will pay you to check
Hammarlund first. For among these 5,000
special capacitors there probably is one
to meet your specification. If this is the
case we have the dies; tool costs are nil
and delivery is prompt. If, however, none
of our existing “specials” can fill the bill,
our experienced engineering staff will be
happy to work with you to design a
capacitor that will.

For detailed information on special and
standard capacitors, write to The Ham-
marlund Manufacturing Co., Inec., 460
West 34th Street, New York 1, N. Y. Ask
for Bulletin 105.

W HAMMARLYND

SINCE 1910

Want more information? Use post card on last page.

WWW.americanradiohistorv.com
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INDUSTRY REPORT—Continued

million and the balance will be
added to corporate funds. Proceeds
from remaining 100,000 shares will
¢o to those for whom the stock is
being sold.

Storer Broadcasting borrowed
$12 million on 4.5-percent notes
from four banks and will use the
proceeds to repay a bank loan,
finance the acquisition of Empire
Coil and for working capital.

Electronics Corp. of America
offered 200,000 shares of $1 par
value common stock at $12 per
share. Proceeds will be used to re-
duce a $15-million bank note due
Oct. 1, 1955 and the balance will be
added to general funds to finance
growth and expansion,

IBM plans to borrow $100 million
on 3} percent notes maturing on
May 1, 2055. Funds will be used for
working capital and other corpo-
rate purposes.

Kendon Electronics offered 150,-
000 shares of common stock (par
10 cents) at 25 cents per share. Net
proceeds are to be used to pay for
the development of sample picture
tubes and receivers, for further
development work and for general
corporate purposes.

Standard Coil Products regis-
tered with SEC covering 189,655
shares of its common stock, $1 par
value. Proceeds will go to the ac-
count of the selling stock holder.

Atomic Instrument offered to its
common stockholders 31,657 shares
of common stock, par $1, at $6 per
share on the basis of one new share
for each four shares held. Net pro-
ceeds are to be added to working
capital and principally applied to
the financing of increased business
and developments.

Industry Shorts

» Sales to the industrial field will
take an estimated 18 percent of
the national electronic distributor
volume for 1954, according to
RCA.

» Production of large etched cir-
cuits for digital computers and
other electronic assemblies has
been increased to 150 per week by
Bendix computer division.
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Sepr. 29-30: IRE Symposium
on Industrial Electronics,
Mellon Institute, Pittsburgh,
Pa.

SEPT. 30-OcT. 1: Fifth Annual
Meeting of the IRE Profes-
sional Group on Vehicular
Communications, Rice Hotel
Houston, Texas.

SEPT. 30-OcCT. 2: Second Annual
International Sight and
Sound Exposition, Palmer
House Hotel, Chicago, Il

Oct. 3-7: The Electrochemical
Society 106th Meeting, Hotel
Statler, Boston, Mass.

OcT. 4-6: National Electronics

Conference, Hotel Sherman,
Chicago.

Ocr. 5-7: AIEE Middle Eastern
District Meeting, Abraham

Lincoln Hotel, Reading, Pa.
Oct. 6-7: First National An-
nual Meeting of the IRE Pro-

fessional Group on Nuclear
Science, Hotel Sherman,
Chicago.

OcT. 11-15:ATEE Fall General
Meeting, Morrison  Hotel,
Chicago.

OcCT. 14-15: National Confer-

ence on Industrial Hydraulies,
Automatic Production, Shera-
ton Hotel, Chicago.

Oct. 14-16: Annual Conven-
tion, Audio Engineering
Societv, Hotel New Yorker,
New York, N. Y.

Oct. 14-17: Audio Fair, Hotel
New Yorker, New York. N. Y.

Ocr. 14, 21, 28, Nov. 4, 11,
18: IRE, AIEE Symposium
On Automation, Philadelphia

Electric Auditorium, Phila-
delphia, Pa.

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

OcT. 18-22: Fall Convention of
Motion Picture and Television
Engineers, Ambassador Hotel,
Los Angeles.

Oct. 21-23: Lighth New Eng-
land Conference of the Ameri-
can Society for Quality Con-
trol, Ten Eyck Hotel, Albany,
N. Y.

MEETINGS

Oct. 22-24: First Annual New
England High Fidelity Music
Show, Hotel Touraine, Boston.

OctT. 26-28: The Second Na-
tional Conference on Tube
Techniques, Western Union

Auditorium, New York, N. Y.
Sponsors, Department of De-
fense.

Oc¢t. 27-30: Thirtieth Annual
Convention, National Associa-
tion of Educational Broad-
casters, Hotel Biltmore, New
York, N. Y.

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

Nov. 8-10: Symposium On
Modern Advances In Micro-
wave Techniques, Engineer-
ing Societies Bldg., New York
City.

Nov. 10-11: Conference on Elec-
tronic Instrumentation and
Nucleonics in Medicine, Mor-
rison Hotel, Chicago, Ill.

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

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

Nov. 29-Dgc. 2: First Interna-
tional Automation Exposi-
tion, 244th Coast Artillery
Armory, New York, N. Y.

DEc. 8-10: Eastern Joint Com-
puter Conference & Exhibi-
tion, Bellevue-Stratford Hotel,
Philadelphia, Sponsors, IRE,
AIEE, ACM.

JAN. 17-19, 1955: Fourth Bien-
nial Conference On High Fre-

quency Measurements, IRE,
AIEE, URSI, NBS, Wash-
ington, D. C.

May 2-5, 1955: Third Annual
Semiconductor Symposium of
the Electrochemical Society,
Cineinnati, Ohio.

» Electronic inspection machines
now are being used to check pre-
cision-ground exhaust valves for
Ford’s new overhead valve engine.

» Over 315,000 people attended the
National Radio Show in England,
an Increase of 20,000 over last
year’s attendance and the highest
since 1949.

» Electronic industry’s ratio of re-
search and development expendi-
tures to sales is 5.4 percent com-
pared to the national average of
2 percent.

» National average ratio of cost of
production equipment to yearly
sales is approximately 70 percent
compared to 9 percent for the elec-
tronic industry.

» Fifteen million feet of three-
inch wide magnetic recording tape
has been ordered by the Air Force
under a $220,000 contract with
Audio Devices.

» Tests made on sample quantities
of receiver tubes returned to Mag-
navox as defective showed that
about 40 percent were good.

October, 1954 — ELECTRONICS



NOW

a molded boron-carbon resistor

The inherent superiority of a boron-carbon

resistor is now available with added v
advantages of a fully insulated unit. The 14 [
IRC Type MBC 15 watt, 19, resistor S

offers significantly better characteristics
plus protection against damage during
assembly. Send coupon for detailed information.

Eliminates Possibility
Of End-Cap Trouble

COMPARATIVE ADVANTAGES VETTT =
MOLDED vs. UNMOLDED BORON-CARBON RESISTORS I g ¥

Change On 40° m - MOLDED Eliminates Danger

Load Life Of Mechanical Damage
At 500 Hours UNMOLDED

Temperature -100% AS EFFICIENT

Chorocteristics
Shelf Life At 60% BETTER il —
Room Temperature s — = —-"F&é —

Maisture 75% BETTER Improves Electrical

Test Reaction Characteristics

0 25 50 75 100 125 150 175 200 Costs No More
Than IRC Unmolded Type

Per Cent Difference 3 .
With Protective Sleeve

INTERNATIONAL RESISTANCE COMPANY
403 N. Broad Street, Philadelphia 8, Pa.

Please send Technical Bulletin describing Type
MBC resistors :

Name .. - =
* Title S, "
INTERNATIONAL RESISTANCE €0. -~
Philadelphia 8, Penna. Company
In Canada: Address. . e
International Resistance Co., Ltd., Toronto Licensse
City S—— _State
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NOW

a molded deposited carbon resistor

The added advantages of molded insulation
are now available for 13 Watt Deposited
Carbon Resistors. New Type MDC is a 19,
precision film resistor combining high

Improved Load Life
Characteristics with MDC

stability, small size and low cost. The molded
plastic housing provides complete mechanical
protection, minimizes the effect of moisture

and improves load life characteristics.

COMPARISON SURFACE TEMPERATURE RISE VS. LOAD Better Insulation Resistance

Better Moisture Characteristics
Molded vs. Unmolded Deposited Carbon Resistor

120

100

- =~

Complete Mechanical
Protection With Molded MDC

Surface Temperature Rise —°C

SEND COUPON FOR DATA BULLETIN

0 0.2 0.4 0.6 0.8 1.0
Ltoad Applied in Watts

INTERNATIONAL RESISTANCE CO.

Voitmeter Multipiiers ¢« Boron &
403 N. Broad Street, Philadelphia 8, Pa.

Deposited Carbon Precistors »
Insulated Composition Resistors «
Power Resistors ¢ Controls and
Potentiometers ¢ Low Wattage
Wire Wounds « Germanium Diodes

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

Send Technical Bulletin B-9 describing Molded
Deposited Carbon Resistors:

Name.

Precision Wire Wounds « Ultra HF Title.
and Mi-Voitage Resistors « Low . .
Value Capacitors * Selenium Company
Rectifiers * insulated Chokes «
Hermetic Sealing Terminals Address
City. State

26 Want more information? Use post card on last page. October, 1954 — ELECTRONICS



NOW

IRC encapsulated precision resistors

The presence of extreme climatic conditions,
unusual ambient temperatures or salt
water are offset by a new IRC encapsulating
technique. This IRC development uses an
epoxy resin compound for both the winding
form and the seal. A special molding
process avoids air pockets and assures even,
complete distribution of the resin. Designed
to operate at 125° C. and to meet the military
requirements of salt water immersion,
these units exceed MIL-R-93A specifications
in 19, 0.5%,, 0.25% and 0.19, tolerances.

Type WW16M—M
Style RB16

= Type WWI17M—MIL-R-93A
Style RB17

Also available for MIL Applications . . .
IRC TYPE WWJ Precision Wire Wounds

Type WW18M—MIL-R-93A
Style RB18

\ miniature type WW10dJ
IRC Precision Wire Wound
Resistors offer full coverage
of requirements for exacting
v o w\ﬁs‘g/"“’ accuracy in critical 3
‘ >’ applications. IRC’s
superior winding skill and
care is the result of over
\ 25 years experience.
3

In 6 MIL-R-93A styles, plus g

i

Type WW19M—MIL-R-93A
Style RB19

SEND COUPON FOR DATA, BULLETIN

5
%
|
i

Voltmeter Mulitipliers « Boron &
Deposited  Carbon Precistors »
msulated Composition Resistors «
Power Resisters « Controls and
Potentiometers » Low Wattage
Wire Wounds* Germanium Dicdes

Precision Wire Wounds » Uitra HF
and Hi-Voltage Resistors e« Low
Value Capacitors » Selenium
Rectifiers » Insulated Chokes
Hermetic Sealing Terminals

ELECTRONICS — October, 1954

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

In Canada: Internationc! Resistance Co., Ltd., Toronto,
Licensee

Send Technical Bulletin [_| D-3 Encapsulated Precisions
[] D-1 Type WWJ Precisions

Name.

Title.

Company.

Address

City State.

Want more information? Use post card on iast page. 27



NOW

3 new wire wound resistors

hm!m%e(m_ T =
e &AWAILM
’ 14

4 WATT

Type PW-4 allows safe operation
with hot-spot temperatures uvp to
165°C. Fully insulated housing will
not burn or support combustion.

IRC’s new power wire wounds are lower cost
per watt than any other power type.
At 4, 7 and 10 watts, they offer savings of
several cents each in any application
requiring compact, low cost, efficient power
resistors. Types PW-4, PW-7 and PW-10
resistors assure safe operation in circuits
where stability and low wattage

28

dissipation are needed.

250 { T T
|
TEMPERATURE y 7 WATT
RISE VS. LOAD
200 - Types PW-7 and PW-10 allow
& safe operation with hot-spot tem-
é) V peratures up to 275°C,
g
& 150 —
) /
3
2
g 100
£
[}
'—
10 WATT
50 | 9
UNUSUAL DESIGN AND ASSEMBLY
0 TECHNIQUE PROVIDES LOWER
0 20 40 60 80 100 COST PER WATT.

Percent of Rated Load

Voltmeter Multipliers « Boron &
Deposited Carbon Precistors o
Insulated Composition Resistors ¢
Power Resistors » Volume Controls
* Low Wattage Wire Wounds «

SEND COUPON FOR DATA BULLETINS

INTERNATIONAL RESISTANCE CO.
403 N. Broad Street, Philadelphia 8, Pa.
In Canada: International Resistance Co., Ltd
Toronto, Licensee
Please send [] Bulletin P-1 on PW-4 Resistors
[] Bulletin P-2 on PW-7 and PW-10

Resistors.
Name
Precision Wire Wounds « Ultra HF Title
and Hi-Voltage Resistors « Selen-
ium Rectifiers « insulated Chokes Company.
« Hermetic Sealing Terminals Address
City. State

October, 1954 — ELECTRONICS



NOW

a new wire wound potentiometer

The mechanical and electrical features of Type 2W
Rheostat-Potentiometer are designed for
current and future electronic circuits. This modern,
2 watt unit offers maximum application
adaptability plus typical IRC superior performance.
Electrical operation is improved by one-piece
center terminal and collector ring, and direct
contact between collector ring and contactor.
Advanced mechanical design anchors winding
securely to strip, locks element into position,
and assures accurate location of terminals.

IMPROVED DESIGN FEATURES

Better Heat Dissipation
Greater Dust Protection
> Increased Mechanical Rotation

} Increased Electrical Rotation

' More Resistance Values

Double and Single Taps Available

Voltmeter Muitipliers « Boron &
Deposited Carbon Precistors «
Insulated Composition Resistors ¢
Power Resistors » Controls and
Potentiometers » Low Wattage
Wire Wounds » Germanium Diodes

Precision Wire Wounds » Ultra HF
and Hi-Voltage Resistors « Low
Value Capacitors » Selenium
Rectifiers < Insulated Chokes »
Hermetic Sealing Terminals

ELECTRONICS — October, 1954

Equivalent To JAN-R-19
Style RA20 Specification

New IRC Design
Smaller and More Compact

e

3"
Ve -
4..~

i

=
\ :é SR /
: Based On 60°C. Rise

2 Walt Power Rating
‘ j Above 40°C. Ambient

SEND COUPON FOR DATA BULLETIN

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

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

Send Bulletin describing Type 2W Potentiometers:

Name

Title

Company

Address

City. State



30

a new rectifier source

IRC Miniature MICROSTAK Selenium
Rectifiers are available in a variety of
types for many standard and special
applications, in sizes as small as .060"’
diameter. IRC’s processing technique makes
possible uniform, high grade, long-life, low
capacitance cells with performance
characteristics not available elsewhere.

Cell thickness to + .001. Less than 19,
unbalanced voltage on bridge circuits.

Hermetically sealed types available.

Voltmeter Multipliers ¢ Boron &
Deposited Carbon Precistors o
Insulated Compaosition Resistors e
Power Resistors e Volume Controis
» Low Wattage Wire Wounds ¢

Precision Wire Wounds » Uitra HF
and Hi-Voltage Resistors o
Selenium Rectifiers » Insulated
Chokes » Hermetic Sealing
Terminals ¢

TYPICAL ADVANCED
APPLICATIONS

VOLTAGE REGULATION

R,
—AAAAA .
Regulated
V'N vou-r ]
AC. AC.

BALANCED MODULATOR

MODULATION SIDE BAND
INPUT ouTpPUT

CARRIER
INPUT

LOGARITHMIC CONVERTERS

SEND COUPON FOR BULLETIN SHOWING CHARACTER-
1STICS, SPECIFICATIONS AND TYPICAL APPLICATIONS.

INTERNATIONAL RESISTANCE CO.

403 N. Broad Street, Philadelphia 8, Pa.

In Canada: International Resistance Co., ltd., Toronto, licensee

Please send Technical Bulletin SR-1 describing MICRO-
STAK Selenium Rectifiers.

Nomesse o sasmper ol v Dyl _pfilvecs e S cnimeni s - «
11116 e o e T e e S e S g Sl
Company. _ e :

Address s s s et e Sabieasis smmb 2 8K Jineavasian

October, 1954 — ELECTRONICS



N E W

non-linear resistors

New IRC VARISTORS are volt-
age sensitive and provide
sharp variation of resistance
withappliedvoltage.Designed
to meet most needs for non-
linear resistors, they are
available in 5 convenjent cell
sizes, and a complete choice
of enclosures including
hermetic seals.

‘ SEND FOR TECHNICAL OATA BULLETIN

INTERNATIONAL RESISTANCE CO.

4C3 N. Broad St., Philadeiphia 8, Pa.
in Canada: International Resistance Co., Ltd.,
Toronto, licensee

Please send me Technical Bulletin SR-3

Address

Citf e —— —— e Stote

|
|
I
I
I
I
I Neme
I
i
|
|

New sizes of IRC Insulated Chokes
now provide 4 types — Cl'a,
CLA, CLI and CL2. The wide
range of size and characeristic
combinations available with these
4 types permit accurate ssecifi-
cations to space and electrical
requirements, Insulated housing
guards coil from physical damage

and prevents shorting.

‘ SEND fOR TECHNICAL DATA BULLETIN

INTERNATIONAL RESISTANCE (0.
403 N. Broad St., Philadelphia 8, Pa.

In Canado: International Resistance Co., {1d.,
Tcronto, licensee

Please send me Technical Bulletin H-1.

Name. Title

Address

City State

|
i
|
|
|
I
|
I
|
L

ELECTRONICS — October, 1954

N E W

hermetic sealing terminals

New IRC Feed-Thru Terminals are
designed for assured hermetic
sealing for eleetrical and elec-
tronic components. IRC's exclusive
molding technique bonds KEL-F*
to metal in a superior, consistent
hermetic seal. Molded bodies
are chemically inert to solvents,
acids, alkalies, etc., and have
high resistance to thermal shock
(—70°C. to +190°C.) HS-1
Terminals meet the sealing re-
quirements of MIL-T-27.

‘SEND FOR TECHNICAL DATA BULLETIN
*Trademark—M. W. Kellogg Co.

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

in Conodo: Infernotional Resistance Co., I1d.,
Toronto, licensee

Pleose send me Technical Bulletin HS-1,

Nome Title.

Address S

Cifv State

_,___WW%WM&%&W—____

NEW

resistor engineering guide

New IRC 1954-55 RESISTOR
ENGINEERING GUIDE gives di-
gested specifications and approx-
imate prices for 138 different
resistor types including 56 JAN or
MIL equivalents. Data on Insulated
Chokes, Selenium Rectifiers, Ger-
manium Diodes and Feed-Thru
Terminals also included. Widest
coverage of condensed resistor
information available.

‘ SEND FOR TECHRICAL DATA BULLETIN

INTERNATIONAL RESISTANCE (0.

403 N. Broad St., Philadelphia 8, Pa.
In Conodo: International Resistance Co., l1d.,

-1
|
|
|

Toronta, licensee I
I
I
|
|
|

4

Please send me the IRC Resistar Engineering Guide.

Name. Title.

Address

City. State.
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VEEDER-ROOT

REPORTER AT LARGE ... that’s

what you might call this new Veeder-
Root Reset Magnetic Counter . . . adapt-
able to remote counting from machines
or processes to central boards or instru-
ment-clusters, wherever you want to
put them. NOW ... what can

your imagination do with these few
facts? For the full facts, write:

VEEDER-ROOT INCORPORATED
“The Name That Counts”
HARTFORD 2, CONNECTICUT

Chicago 6, Ill. « New York 19, N. Y, « Greenville, S. C.
Montreal 2, Canada ¢ Dundee, Scotland
Cffices and Agents in Principal Cities

(s Eoerything on Garth

October, 1954 — ELECTRONICS

Want more information? Use post card on last page
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modern new

plant

Skokie, Illinois
{Suburb of Chicago)
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provides advanced

FACILITIES for
DEVELOPMENT and
PRODUCTION

of the FINEST in . . .




modern

new Incoming materials are carefully To get the properties needed, Ohmite
checked against rigid specifications. found it necessary to develop and make
Below, metal sample is being checked its own exclusive enamels. Ball mill,

on Rockwell Hardness Tester. below, pulverizes ingredients.

| e
S 0AD Nt
f*‘g‘.g} “

.

ORMITE

3V,
X

Ohmite maintains the world’s largest
stock of wire-wound rheostats and re-
sistors for immediate shipment.

advanced

Several months ago, Ohmite Manufacturing Company moved

to its modern new plant in Skokie, Illinois—a north suburb
of Chicago. This new plant has provided Ohmite with

the greatly increased facilities needed to meet its continuously
expanding sales volume.

The new Ohmite factory and offices—covering an area of
128,000 square feet—are completely air conditioned. The plant
contains the very latest in equipment and facilities—for

efficient production of quality resistance and other electrical
control products.

Modern, continuous, conveyor - type Gradual heating and cooling in this Ohmite designs and builds most of its
furnaces rotate resistors being fired. continuous, rotary-type furnace pro- own tools, dies, gauges, fixtures and
This prevents “'pile-up'’ of the vitreous vides a superior coating of vitreous special machines in the well-equipped

ename! . . . assures a uniform coating. enamel and prevents internal cracking. machine shop shown above.



Each resistor is given a voltage break-
down test and the resistance value is
measured. Ohmite resistors can be
made to 'tolerances as low as 0.19%.

advanced

The new Ohmite research, development. and testing laboratories
use the finest scientific instruments and equipment. Here
Ohmite products are tested and retested under the most grucling
conditions to detect potential sources of trouble. And these
same laboratories are used for the development of new materials,
new processes, and new designs—to build Ohmite products that
set new standards of long life and trouble-free performance.

Resisters from the production lines are
checked “or continuity resistance value
and telerance. Stardard Ohmite toler-
ance is —=59%, where number of turns
and alloy permit.

In this equipment, using program-
controlled cycles, Ohmite products are
tested under a wide range of tempera
ture and humidity conditions.

“he Ohmite laboratories contain this
equipment for the optical examination
of materials and products.

These instruments make ‘possible the
determination of crystal structure as
well as elemental composition of mate-
rials and products by means of x-rays.

Special equipment is available for
microscopic analysis of structure usiag
metallograph. Thermcl expansion of
ceramics and vitreous enamels can
be determined with interferometar
equipment.

OFHMNITE

MANUFACTURING COMPANY

3610 Howard Street, Skokie, lilineis
{Suburb of Chicago)

RHEOSTATS
RESISTORS

TAP SWITCHES



modern
new

OHMITE

resis;ance
products

Standardization Laboratory

The instruments shown here are
used to check and standardize
the many pieces of Ohmite elec-
trical test equipment,

Power Panel

This power panel provides AC
or DC in a wide range of cur-
rents, voltages and frequencies
—permits testing Ohmite prod-
ucts under operating conditions.

Vacuum Chambers

Vacuum chambers of this type
are used to deposit an extremely
thin film or coating of evapo-
rated metal.

Special Purpose Furnaces

High temperature globar fur-
nace; muffle furnace for enamel
testing; hydrogen atmosphere
sintering furnace.




STABILINE
Type EM4102R

If you want to maintain constant output voltage
with zero waveform distortion or constant voltage to
large industrial loads, you will find the sTABILINE Type
EM the answer.
STABILINE automatic voltage regulators Type EM not only stabil-
ize and regulate the voltage output and exactly reproduce the
input waveform, but feature:

o outstanding efficiency — comparable to the most conservatively designed
fixed-ratio transformers

e Nig e fast correction rates for voltage changes e wide input voltage ranges

e adjustable output voltage settings e adjustable operating sensitivity

e

]

|

| 210 Clarke Ave., Bristol, Conn.

: Please send Bulletin S351 on STABILINE

THE .
automatic voltage regulators.

s IO ¢ 010100 ) mmimom lias'o s 5 555 5080 g g+ 6 ool s T sepatmea R < 9588 = 7o 6ad @ F £ 6 @ SIS @ A3

COM PANY l PoSitiONT cnint onsiaii/ s w vite omemelfeiis D ome. P smlie i Ju & icme o ook ot ) ST B A Sy g m

I Compony NOME. cew e ivn it iaerieistineaeneasioisivemnetseasassonscnasssnsin

210 Clarke Ave., Bristol, Conn. | A

Monvfacturers of: Powerstat Variable Troneformers » Stabiline Avtomatic I Compony Address. ., b e v ule. s o escasmigre o s.ua.alls s1s =lolals lalBib i als B @ ovedbavalior o 8lalalonslsls

Voltage Regulators « Voltbox A-C Power Supplies « Powerstat Light Dimming Gity. . . PP, sddwrhrmrres aas AVl o' 0P s metard Ad . Zone...... STote Gl bar i dend s s
Equipment « Voricell D-C Power Supplies » Superior 5- Woy Binding Posts I_ . - — _— — eyl

ELECTRONICS — October, 1954 Want more information? Usec post card on last page.



17 OSCILLATORS FOR EVERY NEED

2 QOSCAATOY

Ist-1939

In 1939, -hp- designed and manufactured

the first commercial RC (resistance-capacity)
oscillator. Today, this type is recognized as
the most versatile, practical, dependable and
convenient of all oscillators. Through the
years, -bp- RC oscillators have become world-
famous for their high stability, accuracy,
wide frequency range and compact size.

lnstrument Primary Uses Frequency Range Qutput Price mzfjg; {:fg;ffl)lsglg}slstol:jg%llgset );;)L:laltiltli
-hp- 200AB Audio tests 20 cps to 40 ke I watt/24.5 v $120.00 and greatest value ;)f any oscillators
-hp- 200CD Audio, ultrasonic tests S cps to 600 ke 160 mw/20 v * 150.00 ever built.

-hp- 2001 Interpolation and frequency 6 cps fo b ke 100 mw/10 v 225.00 They are the u.ltimaFe p.roduct of 15
-hp- 2007 Telemetry, carrier current tests 250 cps to 100 ke 160 mw/20 v * 350.00 ﬁ?ZZiL(l};Il?leg“e;(l)cg(;g dej;%::lngoscriﬁgsg-
-hp- 201B High quality audio tests 20 cps to 20 ke 3 w/425 v 250.00 This total of,S(),O(()qO is Z record un-
-hp- 202A Low frequency measurements 0l ¢ps to | ke 20 mw/10 v 445.00 equalled in quulity oscillator manufac-
-hp- 202B Low frequency measurements /3 cps to 50 ke 100 mw/10 v 345.00 ture.

-hp- 202D Low frequency measurements 2 cps to 70 ke 100 mw/10 v 275.00 Seventeen -h p- oscillators, for all types
-hp. 204A Fortakble, battery operated 2 cps to 20 ke 2.5 mw/5 v 175.00 of applications, prov.ide c0mplete cov-
-hp. 205A High power audio fests 20 cps to 20 ke 5 watts 405.00 (L;:)z:)gsl)(;f ’ei“l}l]:;eg;:ggl?f)?n?lly tcohill(l?:l(z(t)glt:
+hp- 205AG| High power tests, gain measurement 20 cps to 20 ke 5 watts 440.00 ized by their flat frequency response,
-hp- 205AH High power tupersonic tests I ke to 100 ke 5 watts 565.00 case of adjustment, low distortion,high
-hp- 205A | High quality, high accuracy sudio festy 20 cps to 20 ke +15 dbm 545.00 stability, accurate calibration and trou-
-hp- 230A Carrier test oscillator 35 cps to 35 ke | 414 dbm/600 ohms| 275.00 ble-free OPerating rellablllty

-hp- 233A Carrier fest oscillator 50 cps to 500 ke 3w/600 ohms 475.00 Brief details of these universally-used
“hp- 234A Carrier test oscillator 160 cps to 160 ke | 4-14 dbm/600 ohms| 300.00 instruments ippear Zt lefl‘:' For .Com-
-hp- 650A Wide range video tests 10 cps to 10 me 15 mw/3 v 490.00 gie‘i’erﬁzt?écizrgz‘;:e;t?- sales englneer’

*Open circuit. Internal impedunce 600 ohms. Data subject to change without notice. Prices f.o.b. factory.

34 Want more information? Usc post card on last page.
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...world’s most complete line
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SYNCHRO: SERVG MOTOR RESOLVER

Ketay offers a complete range of sizes and types of rotating components . . . synchros, servo motors, and
resolvers. Specifications for 116 of them are zontained in an illustrated brochure, available upon request.

Ketay leadership is the resuit of sound, imaginative engineering. From the
design of a specialized component to the fabrication of complete systems,
Ketay engineers create the “standards of tomorrow"’.

...leader in the development and manufacture of
Synchros, Servo Motors, Resolvers, Amplifiers, Airborne
instruments, and Automatic Controls,

Ketay leadership is the result of a combination of research,
experience, and outstanding manufacturing facilities.

Some of these facilities are pictured here.

Ketay has produced many firsts in automatic controls.

For example, in Synchros, Ketay was first to produce
miniaturized Synchros so remarkable for their high
accuracy and unmatched reliability. Ketay was first to
produce high temperature and corrosion resistant Synchros.

Today, Ketay produces literally hundreds of different

s YT ? : . ; T

foe FlSe S P e : ik Executive Offices:

Costs, quality, and stringent delivery schedules, are best controlled when crifi- ‘ 3 a y 555 Broadway, N. Y. 12, N. Y.
cal manufacturing is done “on the premises’” . . . under close supervision. New York Division

Ketay plants are fully equipped with modern machines and equipment. This Manvufacturing Corporation Electronic Instrument Div.
Heald Borematic Department is but one of many such divisions at Ketay. '

o ==

MAGNETIC AMPLIFIER RESOLVER AMPLIFIER ELECTRO-MECHANICAL ASSEMBLY

Components for complete systems including gear trains and amplifiers of conventional and miniaturized types
are available to meet the most demanding of design requirements.

36 Want more information? LUise post card on last page. October, 1954 — ELECTRONICS
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FUEL TOTALIZING INDICATOR FUEL FLOW TRANSMITTER DUAL FUEL FLOW INDICATOR

Electronic control devices are among the many instruments Ketay manufactures for aircraft, missiles, marine,
ordnance, and civilian application: Special designs to meet the limitations of space and operating conditions.

Inspection of all parts, sub-assemblies, as well as completed instruments, is a
fetish at Ketay. For instance, all bearings are inspected with specially deve!-
oped equipment in air conditioned work space. This is just one of the many
techniques that assure maximum performance when Ketay units are specified.

P T et

% [N
v!»"

)

electro-mechanical devices some of which are illustrated on
these pages. Currently, original Ketay developments are :
providing instrument performance far above present : i 4l
standards—many of which were set by earlier 1 :
Ketay developments.

'l
gy

Ketay successfully applies its production facilities and
experienced research personnel to specific problems for
the leaders in automatic control.
Your interest will be well served by
learning fully of the products and
services you may obtain from Ketay.

Pacific Division:
12833 Simms Avenuve, Hawthorne, Calif.

Precision of manufacture is vital in every Ketay unijt. To assure continuing re-
liability for ifs products, Ketay employs the very latest facilities and techniques.
Typical is this “gear room” where modern gear cutting machinery produces
gears to the finest of tolerances.

Kinetix Instrument Div., Pacific Div.
Research & Development Div.

TACHOMETER GENERATOR PANCAKE SYNCHRO GYRO PICKOFF SYNCHRO OVERLOAD TRANSFORMER

Many specialized units have been designed by Ketcy ~ngineers and are in quantity production, Custom engi-
neered units for specific application are also availakle.

ELECTRONICS — October, 1954 Want more information? Use post card on last page 3/



PRECISION MANUFACTURED IN
c E RAM I CS PRODUCTION QUANTITIEN

FOR PRECISE ASSEMBLIES
ALUMINA, STEATITE, ZIRCON, MAGNESIA, STUPALITH®

PORCELAIN, FORSTERITE, CORDIERITE

Y6 LEAD—%1 PITCH
041 zlA.? HOLES

T A | [—— % —]
GROOVES TO PASS .015 WIRE CUT

“ o nnpanaRnRRRRNNANANN 4
e G R b F—

Y4-28 T. P. L—THREAD ENTIRE LENGTH
60° V-THREAD

STEAVITE SHAFT GRADE (-5A

|

SCREW DRIVER SLOT can
e WIDE x Yo DEEP WITH AL

ROUND BOTTOM

CONCENTRICITY 0005 T.ILR.

+.005

2250
STEATITE TUBE GRADE L-5A

oss
A4]=008 DIA. HOLE
COUNTERSIK 037420 X a8* |
S

VITREOUS ALUMINA SEAL NOSE
125 +.003 THICK
LAP SURFACE TO 2 LIGHT BANDS

STEATITE SUPPORT STATOR MOUNTING

ALL DIAAETERS TO BE CONCENTRIC

STEATITE END PLATE GRADE L-5A
18950 OIA HOLE 125 THICK GROUND FLAT BOTH SIDES
COUNTERSINK 0053 333 X 48

Stupakotf

CERAMIC &

ovision of /he CARBORUNDUM Gormfiany

38 Want more information? Usc post card on last page. October, 1954 — ELECTRONICS
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Tempor(zrure Sensitive Resistors

Used for compensation, measurement and control of temperature,
these units decrease in resistance in the order of 3% per degree
centigrade rise.

Volume Resistivity Range: 10 to 7500 ohms cm?

+5%

Manufacturing Tolerances: Resistance
Temperature Characteristic— +5°
from —60° 1o 30° C.
Available in rods (.010"-.500" dia.); tubes (.0207-.500"" OD x ID
up 1o 75% of OD); discs, bars, washers and simple shapes.

Kovar—1Hard Glass Seals

The use of hard glass offers superior thermal endurance; high
dielectrie strength, particularly at high temperatures; and chemical
stability. Used in combination with Kovar, Hard Glass produces
an exact thermal coeflicient mateh between metal and glass,
maximum bond strength, and chemical interfusing between metal
and glass for vacuum-tight interface between metal and glass.
Thin section, light weight, flexible eyelets can be used. Bulletins
453-A and 145.

Assemblies

Assembly line problems and suh-assembly scrap loss can be
minimized or eliminated by using Stupakofl’ Assemblies. Alumina,
low-loss Steatite or other ceramics are combined with silver,
copper, brass, stainless steel, monel or Kovar. Ceramics are
melallized where required for electrical connection or mechanical
assembly. Critical tolerances are precisely held.

Printed Circuits on Ceramic
These compact RC circuits, printed on high-K ceramic plates,
protected from abrasion and humidity by a tough plastic coating,

provide stable, moisture-proof circuitry ideal for miniaturized,
ruggedized clectronic applications. Bulletin 1151-4.

MANUFACTURING COMPANY

LATROBE, PENNSYLVANIA

ELECTRONICS — October, 1954 Want more information? Use post card on last page. 39
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1. The Place of Mechanical Design

The function of mechanical design is not new to Bud Radio.
For over 25 years we have made electronic components and
devices involving the designing of housings, wiring systems

and other equipment to improve appearance and add utility
not only to our own products but to those of other producers.
Economical fabrication,

precise design engineering and

2. Designing
the Chassis

Bud reqularly makes
than 100 standard sizes and
types of chassis for our own
account besides constantly
supplying special types for
other manufacturers of elec-
tronic devices. Every facet of

more

chassis construction from se-
lection of metal to careful
finishing is checked to insure
a superior product. The processes of forming, stamping and weld-
ing are performed on the most modern machines by experienced
workman before passing through rigid inspection.

3. Making Small Parts

Each day thousands of small parts pass through the Bud plant.
Fabricated by machining, stamping and other methods, these prod-
ucts must meet specified standards as do all Bud products. Their
mechanical and electrical properties assure proper working qual-
ities when combined with other parts.

4, Shielding and Potting Components

Boxes, shields and containers of various sizes
and shapes comprise a large part of the
standard Bud line of sheet metal products.
Used for a multitude of electronic and electrical
applications, these products have found wide
acceptance in business and industry. Our long experience and
skill in producing this type of component assures true-to-specifica-

tion results while large volume production guarantees lower prices.
Long or short runs of special sizes and designs receive equal
attention.

5. Moving Parts

In constructing electronic devices Bud makes and selects only
those component parts which will impart smooth motion and con-
trol, Coordination between these parts and the balance of the
assembly provides proper working qualities. Careful inspection
before and after assembly and careful testing are standard pro-
cedures at Bud.

6. Power to Impart Motion

While Bud produces no motive power, our primary function is to
provide housing for controls for motors, generators, etc. Sturdily
built housings give protection to these sensitive controls.

.
0,04

2118 EAST 55TH ST.

40

@» BUD RADIO., INC.

DEPT. L

Want more information? Use post card on last page.

prompt delivery combine to provide our customers with
utmost value, outstanding performance and high quality
service. Proper mechanical design assures that components
as well as housings will be available at a relatively inex-
pensive cost and with reasonably short delivery. What
better source of supply than BUD Radio Inc. with 1500 stock
items in our catalog?

7. Assembly Methods and Devices

A wide variety of plugs and jacks are fabricated by Bud. Preci-
sion made of highly conductive materials such as brass and silver
while bakelite and other insulation is used. Accurate machining
and heavy plating where required assures long, trouble-free
service. A large number of plugs and jacks of varied sizes are
manufactured.

8. Wiring
and Soldering

Simple and complicated wiring oper-
ations are reqularly performed both
for our own electronic products and
on a contract basis. These opera.
tions are accomplished on either sub-
assemblies or complete devices. We
provide all the components, including chassis and housings or
wiring is done on parts supplied to us. The latest soldering tech-
niques are employed using non-corrosixe fluxes and solders.

9. Designing the Cabinet

Employing sheet steel and
aluminum Bud makes large
and small cabinets as stock
items and for numerous manu-
facturers of electrical and
electronic equipment. Com-
plete engineering and manu-
facturing facilities enable us
to produce small and large
quantities economically to
rigid specifications. Special
louvres, mounting strips and
panels are furnished when de-
sired. Careful finishing opera-
tions assure attractive appear-
ance.

These and many other facets of mechonical design are a part
of the daily operations at Bud Radio. We have an impressive
list of customers purchasing thousands of parts every year,
We invite inquiries for any electronic components and sheet
metal products. Send us your blueprint for estimates, there's
no obligation. We shall be glad to send you our catalog illus-
trating our own comprehensive line; some parts of which may
fit into your own products with little or no change.

CLEVELAND 3, OHIO
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Miniature Wire Insulated with Du Pont TEFLON
SpeedsSoldering Operations,Saves Equipment Space

Abrasion-resistant "Zyl(‘l”
nylon resin used for five
key parts in dictaling machine

Five key parts, molded of Du Pont
“Zytel”* nylon resin, provide improved
performance, simplified assembly, and
lower production costs in one modern
dictating machine.

“Zytel” used as play-back and micro-
phone lock lever gives superior abrasion-

Parts of ""Zytel”” nylon resin in modern dic-
tating machine. Play-back lever (1), micro-
phone lock lever (2), microphone hook lever
(3), recorder coil bobbin (4) and microphone
switch lever (5) all utilize one or more of the
useful properties of Du Pont ""Zytel™.

resistance to these moving parts. These
parts of ““Zytel” operate without lubri-
cation and give long service life.

Dielectric Properties

The lightweight but tough recorder coil
hobbin of “Zytel” nylon resin has good
insulating properties. Because terminal
fittings can be riveted directly to this
coil, assembly time has been reduced.

The smicrophone hook lever features
“Zytel” molded directly on metal to
simplify assembly. The temperature
resistance and compression strength of
Du Pont “Zytel” are useful properties
for the microphone switch lever.

A Material with Many
Properties

These five parts are mass-produced to
close tolerances by economical injection-
molding., They illustrate why versatile
“Zytel” nylon resin is used for many
specialized parts having different prop-
erty requirements.

* U Zvieel” is the new trade-mark for Du Pont nylon resin.

“Teflon” provides excellent thermal
stahility and dielectric properties

Du Pont “Teflon” tetrafluoroethylene resin has exceptional insulating properties for
miniaturized electrical equipment. Where terminals are small and closely fitted,
soldering hook-up wires is usually a difficult operation. However, hook-up wires
made by the Tensolite Insulated Wire Co., Inc., Tarrytown, N.Y., are coated with

This Inverter Control Assembly, which regulates output of DC to 400-cycle AC converters, used in
aircraft, contains miniature Tensolite wire coated with Du Pont “Teflon”. The equipment, which
utilizes two Regohm Circuit Controllers, was developed by Electric Regulator Corp., Norwalk, Con-
necticut. It easily withstands ambient temperatures encountered—from =70°C. to 85°C.—and operates

efficiently at high altitudes, the manufacturer states.

Ilashlight case molded of
Du Pont ALATHON®

The simple flashlight case is an inter-
esting new application of Du Pont
“Alathon” polyethylene resin. The
battery section, end cap, and lens retain-
ing ring are all molded of “Alathon”,
which gives the flashlight improved
dielectric properties, extra strength, re-
siliency and corrosion-resistance.

Because Du Pont “‘Alathon” has out-
standing dielectric properties, the con-
tact points leading to the flashlight
switch don’t have to be insulated. Short
circuits are avoided, which may appreci-
ablylengthen battery life. And““Alathon™
is warm to the touch even in coldest
weather.

“Alathon” combines lightness with
resiliency. If the flashlight is accidentally
dropped, there’s no danger that the
threaded connection or case will shatter
or dent. Resilient ‘“Alathon” cushions

(Continued, column 1 back side)
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heat-resistant “Teflon’ so that operators
can work more quickly with soldering
irons. Heat won’t burn or melt the insu-
lation of “Teflon” to cause loss of time
and equipment. The insulation is uni-
form, and space-saving.

Saves Space

Insulation of “Teflon” also saves space
in miniaturized equipment. It occupies
about one third the space of other types
of insulation for hook-up wire. In addi-
tion to space-saving advantage, wire
coated with “Teflon” has exceptional
stability.

Excellent Dielectric Properties

“Teflon” tetrafluoroethylene resin has
excellent dielectric properties. The di-
electric strength is high, and losses are
very low. Volume resistivity is unaffec-
ted by moisture. These dielectric proper-
ties are especially important

when wires and terminals are

in close proximity.

(Continued, column I back side)
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PROPERTY AND APPLICATION DATA ON THESE
VERSATILE ENGINEERING MATERIALS: “ZYTEL,”
“ALATHON,” “TEFLON,” *“LUCITE.”
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Miniature Wire (Continued)

Many FElectrical Applications
for ““Teflon”

Du Pont “Teflon” has many applica-
tions in the electrical field—coaxial
spacers and connectors, high frequency
tube sockets, bases for subassemblies
and stand-off insulators. For further
information on the thermal, electrical,
and mechanical properties of this unique
Du Pont engincering material, mail the
coupon below.

F]ashlighl Cases (Continued)

blows, minimizing damage to the bulb
filament. The manufacturer, Gits Mold-
ing Corp., Chicago, Ill., thoroughly
tested the case made of *““Alathon” and
guarantees it “unbreakable”, if not wil-
fully abused.

This enginecring material offers other
advantages. Tt resists corrosion. The
end cap and barrel of “Alathon” form
a virtually waterproof seal.

Investigate Du Pont engineering
malerials in your product
development programs

One of the family of these versatile
engineering materials is often a key fac-
tor 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.

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

Polychemicals Department,

Room 2210, Du Pont Building, Wilmington 98, Delaware

Please send me more information on the Du Pont engincering materials checked:
[1 “Zytel”; [ ] “Alathon™; []“Teflon”; [] “Lucite”. I am interested in evaluating

these materials for:

Construction well ulong on
*3,000,000 Polychemicals

laboratory in Wilmington

Du Pont is building a $3,000,000 Sales
Service Laboratory in Wilmington,
Delaware, to expand the present facili-
ties of its Polychemicals Department.
This new laboratory is to provide sales
and engineering services to! customers
in the plastics and other industries.

The laboratory will have the most
modern equipment available for devel-
oping technical data on the use and
processing of Polychemicals Depart-
ment products. Its facilities for provid-
ing technical services, especially in the
field of plastic engineering materials
such as “Alathon” polyethylene resin,
“Teflon” tetrafluoroethylenc resin,
“Lucite’” acrylic resin, and Du Pont
“Zytel” nylon resin, will be several times
those of the present laboratory in
Arlington, New Jersey.

Parts of the new laboratory will be
equipped especially for study courses on
the utilization of new plastic engineering
materials. Space for exhibits of these
materials and products made from them
is to be provided in a two-story recep-
tion area.

Large portions of the laboratory will
be equipped for demonstrating new proc-
essing methods and for testing. Total
floor space: 62,000 square feet.

Preliminary work on the site is now
under way and construction is expected
to be completed late in 1954,

NEED MORE INFORMATION?

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

NAME - POSITION
COMPANY

STREET

CITY STATE

TYPE OF BUSINESS

*Alathon”, “'Lucite’”, “Tetlon” are registered trade-marks of E. I. du Pont de Nemours & Co. (Inc.)
**+“Zytel” is the new trade-mark for Du Pont nylon resin.

wwWW.americanradiohistorv.com

POINTERS ON
PROCESSING

Forming by
Extrusion

Du Pont “Zytel” nylon resin, “Teflon”,
“Alathon” and “Lucite” all can be
formed by extrusion techniques. Basic-
ally, screw extrusion consists of placing
the granulated material in a hopper
where it is moved down and forward

Components of typical screw extruder which
might be used to extrude *“*Zytel” nylon resin.

along a one-piece heating barrel by
means of a rotating screw. The screw
then forces the softened material
through a die, forming it into shapes
such as tubing, rod, bars, and other
shapes. This operation varies in a minor
degree with the material being proc-
essed. Screw cxtrusion is applicable to
“Alathon”, “Lucite” and “Zytel”.

A typical extrusion machine for “Zytel”
nylon resin has these features: (see cut)
1. electrically heated barrel

2. metering type screw
3. screen and breaker plate

Extrusion of ““Teflon® is best car-
ried out by the ram extrusion method. A
reciprocating ramin a cylinder compacts
successive charges of “Teflon”. The
powder is introduced through a hopper
at the back position of the ram. Pre-
forming takes place at a cold section of
the cylinder and the compacting materi-
al moves through the heated section of
the cylinder where it is sintered.
Extrusion has certain economic ad-
vantages where continuous lengths of
material are desired. For example, a
coating of “Zytel” nylon resin used as
a primary insulation on small wire can be
applied at speeds up to 1600 feet per
minute with suitable take-off equipment.



“PIG-TAILORING"

. . . . a revolutionary new mechanical process for higher
production at lower costs. Fastest PREPARATION and ASSEMBLY
of Resistors, Capacitors, Diodes and all other axial lead
components for TERMINAL BOARDS, PRINTED CIRCUITS and
MINIATURIZED ASSEMBLIES.

" " % s
PIG-TAILOR" . "SPIN-PIN" *, I

e o

The "PIG-TAILOR" plus "SPIN-PIN" — Accurately Measures, Cuts, Bends,
Ejects and Assembles both leads simultaneously to individual lengths and
shapes — 3 minute set-up — No accessories — Foot operated — 1 hour

training time.

PIG-TAILORING provides: PIG-TAILORING eliminates:
1. Uniform component position. 1. Diagonal cutters!
2. Uniform marking exposure. 2. long-nose pliers!
3. Miniaturization spacing control. 3. Operator judgment!
4. "'S"” leads for terminals. 4. 90%, operator training time!
5. "U" leads for printed circuits. 5. Broken components!
6. Individual cut and bend lengths. 6. Broken leads!
7. Better time/rate analysis. 7. Short circuits from clippings!
8. Closer cost control. 8. 65%, chassis handling!
9. Invaluable labor saving. 9. Excessive lead tautness!
10. Immediate cost recovery. 10. Haphazard assembly methods!

il Write for illustrated, descriptive text on “PIG-TAILORING” to Dept. MD
BRUNO-NEW YORK INDUSTRIES CORPORATION

DESIGNERS AND MANUFACTURERS OF ELECTRONIC EQUIPMENT
460 WEST 34th STREET [ NEW YORK 1, N. Y,

Want more information? Use post card on last page. 41
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Same signal recorded at

chart speed of 250 mm,

per second for optimum
resolution.

BRUSH ELECTRONICS COMPANY, Dept. K-10-B
3405 Perkins Avenue, Cleveland 14, Ohio

Gentlemen:
{0 Please send bulletin on new oscillographs.
{0 Please have your representative call.

Name

w il

Typical signal recorded
at chart speed of 10 mm.

Position

Company

BRUSH ELECTRONICS

Address

PIEZO-ELECTRIC MATERIALS =« ACODUSTIC OEVICES

City State

Want more information? Use post card on last page.

New Brush
Direct Writing

Oscillographs

WIDEST RANGE OF
RECORDING CHART
SPEEDS AVAILABLE

From 10" per day to 10" per second

‘OV‘TH THE NEW BRUSH 4- and G-channel oscil-

lographs you have a choice of up to 16 chart
speeds—from 10 mm. per hour to 250 mm. per
second. This permits excellent resolution of a
great variety of signals—with economy in chart
paper. From the various speeds available, you
select the slowest speed that will give desired
resolution of recorded signal.

The chart drive is electrically controlled; thus
speeds can be changed instantaneously, from either
local or remote locations. The high accuracy of
the chart drive system provides a linear time base
for all recordings at all speeds. With ink writing,
the trace is uniform regardless of type of signal
or chart speed. Electric writing is also available
for unusual operating conditions.

Get all the facts—send the coupon today, or call
your nearby Brush representative. Brush Elec-
tronics Company, Cleveland 14, Ohio. In Canada:
A. C. Wickman, Ltd., Toronto.

COMPANY

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

INDUSTRIAL AND RESEARCH INSTRUMENTS

MAGNETIC RECORDING EQUIPMENT
ULTRASONIC EQUIPMENT

October, 1954 — ELECTRONICS



I_I_ = I-l |_'_+I | S, | |
—H—r g EE
: TF.‘W]_'LTZ:T__LL:L % i
| ! - _+__ . _}_I |__l i M}_ ‘
SRR aRaRaeaE
T
RN
L 1 ."
o ‘ »lw
3 D,
1 ~
nus
i ‘T| INL DR PROL
:}L_i ] 1 ' 1
+ 10U ) ' ) '
ok
C *{-'; "

gl L
. ‘ = ¥ Ah ,n |~ 1;‘ = - i | ’
? : TR suE S e Qutstanding performance mmmann
- - | AN/ T a e Uniformly dependable 20
P A . EREES e Long life mEE»

; Vo Ty . mEE

- @} BN R SR i - o Rigid quality control -

B : o Constantly improved

- -

Rap1o RECEPTOR Co. conducts continuing laboratory research to maintain highest stand-
ards for existing types of selenium rectifiers, silicon and germanium diodes and tran-
sistors—and to develop new units, including those to meet special needs where necessary.

As rapidly as possible we publish bulletins on our produets and they are always avail-
able upon request. Sometimes, though, we find the printing presses simply cannot keep
up with our progress . .. So, for the best and most up-to-date facts about RADIO RECEPTOR
semi-conductor products we suggest you submit your specifications. Our engineers will
gladly make recommendations incorporating the very latest information at their com-
mand. Just address Section E-3.

IN RADIO &
ELECTRONICS

SINCE 1922

ELECTRONICS — October, 1954

Semi-Conductor Division

RADIO RECEPTOR COMPANY, INC.

SALES DEPARTMENT: 251 WEST 19TH STREET, NEW YORK 11, N. Y.
Telephone: WAtkins 4-3633, Factories in Brooklyn, N. Y.

Want more information? Use post card on last page.
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These are our key people . . . an integrated team of engineers,
production supervisors and field representatives who have made
significant contributions to Uncle Sam's growing missile might.

Since 1946 when Bendix-Pacific began its activity in the guided
missile equipment field, more than 500 man-years of experience has
been accumulated by these people. They will produce many of the
hydraulic and electronic systems for tomorrow's Air Force, Army and

PACIFIC DIVISION

Want morc information? Use post card on last page.

e Bendix Aviation Corporation

Navy missiles, with campetence born of that experience. Backing up
these key people are more than 2,000 skilled workers, experienced
in meeting today's exacting missile requirements.

Bendix-Pacific offers a strong, seasoned combination of engineering
experience and manufacturing know-how . . . a proven source for
complete missile electronic and hydraulic systems as well as for
components. Inquiries will be treated in complete confidence.

washington Office:
1701 “'K’* St. N. W., Washington 6, D. C.

116400 Sherman Way, North Hollywood, California

www americanradiohistorv com

Dayton Office:
1444 Cory Dr., Dayton 6

October, 1954 — ELECTRONICS



East Cozst Office: Export Division: Bendix International Canadian Distributors: >
475 5th Ave., N.Y. 17 205 E. 42nd St., MN.Y. 17 Aviation Electric, Ltd., Montreal ¢

AR

ELECTRONICS — October, 1954 Want more information? Use post card on last page. 45
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MINIATURE

MOLDED

HERMETICALLY SEALED
OIL-FILLED v

TOROIDS

Kéeénvon
TRANSFORMERS

Engineered and Built to Meet the Most Rigid

Military and Civilian Requirements

Kenyon’s engineering staff and production department have
had more than fifteen years’ experience in designing and
building units which exactly meet the most rigid and unusual
specifications. Your inquiries are invited.

Miniature—Molded —Cased—Hermetically Sealed Oil-Filled—
A-Line—T-Line—Toroids—The Kenyon Twins, M-Line to meet
all Mil-T-27 Requirements; C-Line for all commercial requirements.

KENYON TRANSFORMER CO., INC.
840 Barry Street, New York 59

MILITARY  COMMERCIAL

Want more information? Use post card on last page. October, 1954 — ELECTRONICS



Phase Angle at 6.3v, 60 cycles is 21°=5°, at 30 cycles is
nominally 20°, at 100 cycles 26°.

Contacts are SPDT, break-before-make, and are rated up to
100 volts maximum, | ma maximum.

Dwell Time is approx. 170°. The nominal value of dwell time
changes only slightly from 30 cycles to 100 cycles.

Coil demand at 6.3 volts, 60 cycles, is approximately 37 milli-
amperes, coil resistance approximately 165 ohms D.C.

Noise with all 3 contacts at one megohm impedance, and with
wide band amplifiers, will have an effective value of 50 micro-
volts or less. The offset of narrow band amplifiers will be very
much less. The specification of noise requires careful defini-

<ion, users should refer to the detail specifications and bul-
letin 103.

Temperature may be any value from —65°C to 85°C. Teljzp
The nominal phase angle will vary from about 17 degrees 3
at —65°C to 25 degrees at 85°C.

Vibration from 10 to 55 cycles will not damage the chop- I[/gge”
per up to as high as 30 G. At these higher G values there

will be some modulation of the phase angle.

Frequency of operation may be any value fram 25 to ‘
110 cycles, to maintain full performance, balance, etc.

Humidity may be any value, except of course for -
external condensation on the header.

Shock values as high as 50G will not damage the

chopper. ? ’ ‘
Altitude may be any value, as the unit is hermeti- -

cally sealed.

PRODUCTS
COMPANY

DESIGNERS ENGINEERS

MIDDLE RIVER BALTIMORE, MD.

ELECTRONICS — October, 1954 Want more information? Use post card on last page. 47
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PERFECT

FREQUENCY
STANDARD

The Type 2003 contains, in
addition to the tuning fork,
all circuit components which
are selected or critical.—The
tube and remaining compo-
nents — three resistors and two
.01 capacitors — are external
and can be laid out and inte-
grated with your equipment.

TUNING FORK STANDARD, hermetically sealed.

SIZE — 42 inches long. 1% inches diameter.

SIMPLE EXTERNAL CIRCUIT, 1 tube, 3 resistors,
2 capacitors.

TUBE — Choice of 12AT7, 6201, 5751, 6BF7,
6BG7 or 6021.

POWER REQUIRED, 75 to 300 V at 1 to 5
ma. — 6.3 V at 300 or 350 m.a.

AVAILABLE — in 400 or 500 cycles

ACCURACY guaranteed to .002,,
15° to 35° C.

Write for descriptive literature,
specifying Type 2003.

i
Also
TYPE
2007

(41/211 X ]l/zll)
COMPLETELY SELF-CONTAINED
INCLUDING VACUUM TUBE

Manvufacturer of high precision
frequency and timing instruments
controlled by tuning fork oscillators.

American Time Products, Inc.

580 Fifth Avenue New York 36,N.Y.

OPERATING UNDER PATENTS OF THE WESTERN ELECTRIC COMPANY

48 Want more information? Use post card on last page, October, 1954 — ELECTRONICS



General Ceramics

offering 3 complete services...
ENGINEERING-DESIGNING-PRODUCTION

on these basic components...

ELECTRICAL INSULATORS
GENERAL FERRAMIC® CORES

CERAMICS CORPORATION

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

PORCELAINS — An econcmical high volt-
age material of great hardness. Low
thermal expansion. 'Wet or dry process.

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

ZIRCON — Has low loss properties that
vary inversely with frequency. An excel-
lent high frequency material having
good thermal shock resistance,
Q
2. FERRAMIC CORES =%
General Ceramics Ferramic Cores are ; N
available in standard toroid, cup core N
and TV components. Standardization sim- :
plifies design problems, speeds delivery
and lowers costs. The types illustrated

are supplied in many grades of Ferram-
ics for specific applications,

3. SOLDERSEAL TERMINALS v

- 1y =3

Featuring high mechanical strength, re-
sistance to thermal shock and permanent
hermetic sealing. Installation is easy and
fast. Terminals are made of glazed Alu-
mina Ceramic with lugs and eyelets hot
tinned brass. Metallized areas are silver
fired on ceramic, copper electroplated
and tin fused for soft soldering.

For complete information on standard components, and recommenda-

Makers of STEATITE, tions on specific applications, call or write today; there is no obligation.
ALUMINA, ZIRCON,
PORCELAIN, SOLDERSEAL

STOMEWARE, FERRAMIC CERAMICS CORPORATION
MAGNETIC CORES Telephone VAlley 6-5100
GENERAL OFFICES and PLANT: KEASBEY, NEW JERSEY

ELECTRONICS — October, 1954 Want more information? Use post card on last page. 49
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| These successful uses of -

PHELPS DODGE Eﬂ/l/ﬂili 3

HOOP-SHAPED
, colL

magnet wire. ..

UNLIMITED NEW

Random-wound, Layer or Paper-section for
COILS potentiometers, telephones, brakes and clutches,

clocks and timers, hearing aids, instruments, speakers,
relays, television, radio and other applications.

TRANSFORMERS Paper-section, Random-wound, Oil-filled, Air-

cooled and High Voltage for distribution, current,
X-ray, tclevision, radio and other applications.

MOTORS Windings for shaded pole, series fields, instruments,
induction and others.

/sz‘f»z [Lodting QMZ}——-M Nne 0 Heskel !
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TV YOKE COIL

PANCAKE COIL

APPLICATIONS ¥

Redesigning? BONDEZE may provide one answer
to your overall cost reduction program!

BONDEZE is Phelps Dodge magnet wire BONDEZE offers unusual opportunities

with a special thermo-plastic film applied for redesign of windings and in many cases
over the insulation. It offers a quick, eco- influences finished product design with
nomical means of bonding wires together, overall savings to the user.

turn to turn, through single application of Any time magnet wire is your problem, consult
heat or solvents. Phelps Dodge for the quickest, easiest answer.

*BONDEZE is a Phelps Dodge Trademark

PHELFS DODGE COPPER FRODUCTS

CORPORATION

INCA MANUFACTURING DIVISION

FORT WAYNE, INDIANA

ELECTRONICS — October, 1954 Want mare information? Use post card on last page. 51
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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 specially developed
deoxidizing anneals . . . in expert and precise con-
trol of every technical process of the entire manu-
facturing cycle. Sometimes, i1deed. there are as
many as 127 distinct operat.ons between melting
crucible and the finished wire strip, or rod.

In recognition of its unique p-operties, the
United States Patent Office in August, 1908,
granted solely and exclusive.y to us the trademark
NICHROME. There is only one Nichrome, and it
is produced by Driver-Harris.

Driver-Harris Com[mny

HARRISON, NEW JERSEY

BRANCHES: Chicago, Detroit, Cleve and, Levisville.
Los Angeles, San Franzisco

In Canada: The B. GREENING WRE COMPANY, Ltd.,
Hamilton, Ontario,

MAKERS OF THE MOST COMPLETE LINE OF ELECTRIC HEATING, RESISTANCE, AND ELECTROMIC ALLOYS IN THE WORLO

Want more information? Use post card on last page.

=T, M, Reg. U. S. Pat, Off.
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TYPE BC-30
(2-watt)

/s

.
=

TYPE BC-25
(1-watt)

S

TYPE BC-20
(I/g -WG")

Shallcross Borohm resistors are unusually stable, accu-
rate, and long-lived as a result of Shallcross’ basic re-
search on carbon films and manufacturing processes.
Complete control of the quality and distribution of the

, : boro-carbon film on spécially formulated ceramic rods
STABLE—Typlcal Airtges fange assures minimum film variation within each unit, as
after 1000 hours load life test 0.2 % well as from unit to unit.
Automatic machine handling of resistors throughout
iy, the carbon deposition process prevents contamination.
ACGURATE—W'“"" R 7% o Rigid automatli)c contro}; of roc[l) and gas temperatures
all standard types. during deposition eliminates soot formation in the car-
bon film. Resistance for a given size rod is therefore
Low 'I' c & both predictable and reproducible. ]
1.U.—200 p.p.m. per °C Borohm resistors have negligible voltage coefhicient,
above 20K. consistent temperatuse coefficient, and stability proven
100 p.p.m. per °C below 20K. by temperature cycling, moisture resistance, and load life
tests.
For detailed information as to sizes, styles, ratings,
RUGGED'—EPOXY resin coating re- and performance test data results write for the rew

| mains elastic, cannot crack or chip. Shallcross Engineering Bulletin L-33.

1929—Our 25th year—1954
SHALLCROSS MANUFACTURING COMPANY 522 PUSEY AVE.

Representatives in principal U. S. cities, Toronto, Canada, and Vancouver, B. C. COLLINGDALE, PENNA.




WHEN You:s&PE.cwv .. MAGNETIC SHIELDS

SPECIFY . . .

/

HERE’'S WHY . ..

Shielding is a vital element in circuit design, and the Mag-
netics, Inc. “Performance-Guarantee” on your shiclds is
your assurance that they have been designed and manu-
fuctured to meet your performance specifications. You then
know,whether your shields have been made from Mumetal,
ALEM. 1750, or from any other commercially available
magnetic or non-magnetic material selected to meet your
needs, they will make money for you on the assembly line
by eliminating waste.

You also know that these Performance-Guaranteed Mag-
netic Shields cost no more—indeed, despite the fact that you
have a guarantee of performance, they are sold at prices
standard in the industry. Let our Engineering Department
design your shields and production ¢ngineer to your cost
requirements . . . one more important Magnetics, Inc. serv-
icC to our customers.

How Do You Like Your Shields? . . .

Painted, lacquered . .. or unfinished? Painted . . . to match
any equipment shade you select? From any commercially
available material to meet your performance and cost
needs? That's exactly how they’re furnished by Magnetics,

Inc. . . . to meet your specifications.
WANT THE COMPLETE STORY? & . F s
Write us . . . on your company

letterhcad . . . we'll be delighted m”G”ErIcs s

to answer your questions. No obli- me.
wation, of course. . . . Y aved SN

v 37 4

1€

==

-~ DEPT. E-14 BUTLER, PENNSYLVAKNIA
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HERE'S WHY ...

The Magnectics, Inc.“*Performance-Guarantee™ on molyb-
denum permalloy Powder Cores is a revolutionary con-
cept in the communications and clecironics industrices,
and opens the way to substantial savings in your produc-
tion and assembly operations. The guarantee of per-
formuance (2 your specifications is your assurance that
these Powdzr Cores are standarized to meet your circuit
requirements.

These Performance-Guaranteed Powder Cores cost no
morc—indezd, despite the fact that you have a guarantee
of performance, they are sold at prices standard in the
industry. You can't afford not to investigate Magnetics,
Inc. molybdenuin permalloy Powder Cores.

Keep in Mind These Advantages of Powder Cores . . .

1. Low hystercsis and eddy current losscs;

2. High electrical resistivity;

3. Constant permeability over widely varying flux
densitics;

4. Magnetic stability with dc magnetization.

NANT TAE COMPLETE STORY?Z ... gﬁ/‘jﬂm
irite us . . . on your company letterhead . . . we'll be delighted to A SR

send you literature, delighted 10 answer specific questions. No ob- m” G”Erl:s inc.
rgation, of coursc. ) ay B
- J

Moanufactsred under a license agreenent with Western Electric Co.
DEPT. E-13 BUTLER, PEMINSYLVANIA
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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 My,

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.

tAll AC Voltages are unregulated.

MANUFACTURERS OF ELECTRONIC EQUIPMENT « RESEARCH + DEVELOPMENT

KERPCO

LABORATORIES

131-38 SANFORD AVENUE » FLUSHING 55, N. Y. » INDEPENDENCE 1-7000

KEPCO

VOLTAGE REGULATED
POWER SUPPLIES

REGU-
voLTs CURRENT  [LATION | RIPPLE | AC.CT. | MODEL
0-1500 0-200 Ma. | 0.5% | 20 Mv.| 11520
70-1200 [ 0-20M0. [ 0.1% | 10Mv.| 10 Amp.| 1220
0-1000 0-500 Mo. | 0.5% | 20 Mv 1350
2001000 | 0-500 Ma. | 0.5% | 20 Mv 1250
70-1000 0-S0Ma. [ 0.1% | 10 Mv.| 10 Amp| 1020
"0-600 0-3Amp. | 0.5% | 10 Mv. 780
0-600 0-2.25 Amp. | 0.5% | 10 Mv.| 770
0-600 0-1.5Amp. | 0.5% | 10Mv 760
70-600 0-750 Mo. | 0.5% | 10 Mv 150
70-600 | 0-300Ma. | 0.5% | 10Mv.|10Amp.|
0-150 Bigs | 0-5 Mo. ™ 615
0-600 0-300 Ma. | 0.5 | 10 Mv.[ 10 Amp.| 500R
T#1 0600 | 0-200 Ma. | 0.5% | SMv.[10Amp|
#2 0600 |0200Ma. |05 | SMv.|10Amp| 800
0-600 0-200 Ma. | 0.5% | SMv.|10Amp.|
0-150 Bias | 0-5 Ma. ™ 815
“#1 200-500] 0-200 Mo. | 05% | SMv.| 6Amp.| .
#2200-500| 0-200Ma. | 05% | Smv.| 6amp| 310
200-500 0-200 Ma. | 0.5% | SMv.| 6Amp.| 245
0-400 0-150Ma. | 0.5% | SMv.[10Amp.|
0-400 0-150 Ma. [ 0.5% | 5Mv.|10Amp.| 2400
0-150 Bios | 0-5 Ma. s
"0-400 0-150Ma. | 05% | 5Mv.[10 Amp. N
0-150 0-5 Ma. T 400
0-400 0-150 Ma. | 05% | SMv.|10Amp| 141
"100-400 0-150 Ma. | 0.01%] 1Mv.|10Amp.| 2000
0-350 0-3Amp. | 0.5% | 10Mv. 730
0350 0-2.25 Amp. | 0.5%, | 10 Mv. 720
0350 0-1.5Amp. | 0.5% | 10 Mv. 70
0-350 0-750 Ma. | 0.5% | 10 Mv. 700 |
100-325 0-150 Ma. | 0.5% | SMv.|10Amp.| ...
0-1508ias | 0-5 Ma. ™ LELE
0-300 0-150Ma. | 0.5% | SMv.| SAmp.| ..
0-150Bias | 0-5 Ma. AT 33
0150 | 050Ma. [05% | SMv. 150
3-30 0-30 Amp. | 0.5% | 0.1% 3030
113 0-10 Amp. | 0.5%, | 10 Mv. 3200
WORKMANSHIP

Workmanship is of a 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

Want more information? Use post card on last page
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Hermetic-Seal, Shock-Resistant Tube
Sockets of Kel-F Polymer Cut Heat,

Moisture “Fade

KEL-F polymer plastie, molded
into a special metal base permitting
complete enclosure of an electronic
tube, provides this premium socket
with a hermetic seal that defies
heavy shock loads, extreme thermal
cyeling and aging. Tube ‘“fade-
outs”, due to moisture condensa-
tion and collection, are eliminated,
tube altitude “ceilings” have been
raised significantly.

Positive electrical insulation is
maintained under all thermal and
moisture service conditions hecause
of the high dielectric strength and
low RF loss characteristies of
KEL-F polyvmer.

The high impactand compressive
strength of KEL-F polymer helps
the socket withstand shoek loads
up to 100 G’s without cracking or
chipping of vital insulation.

The Eleo Corporation, Philadel-
phia, Pa., injection-molds the com-
plex socket from KEL-F polymer
Grade 300. A metal tube cover with
a silicone rubber gasket completes
the assembly.

;” % %

ST

e o

R

wih

Electronic “Memory’’ Drum Insulated

Outs”at High Altitudes

st

with Kel-F to Eliminate Carbonization,
Wear Damage . .. Extend Service Life

Two obstacles to efficient operation
—carbonization shorting and insula-
tion “wiping’ onto vital contacts—are
eliminated through the use of KEL-F
plastic as insulation in this special
commutator.

High dielectric strength and heat
resistance assure positive insulation
under all operating temperature and
humidity conditions, prevent forma-
tion of carbonization tracks between

drum contact points. Zero water ab-
sorption cuts moisture “‘shorts”. arcing.

W. S. Shamban & Company of
Culver City, Calif., transfer-molded
this new commutator of unplasticized
KEL-F polymer Grade 300 for use m a
special digital-tvpe converter manu-
factured by Genisco. Inc., Los Angeles,
California.
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CONTINUED FROM PRECEDING PAGE

Paper-Thin Insulator of KEL-F
Polymer Solves Space, Precision
“Specs” Problem in Microwave Cavity

Found to be the only high-frequency
dielectric capable of being machined
to close tolerances in this .009” thick
insulator, KEL-F plastic effectively
prevents pulse leaks between cavity
and probe. These units, producing hun-
dreds of watts peak power output,
depend largely on the insulator for
their 0.0005% per °C temperature
coefficient.

The fluorocarbon’s high dielectric
strength over a wide temperature range
and its dimensional stability assure
complete insulation in the limited space
provided. Zero water absorption of this
fluorocarbon  guards the insulator
against any changes caused by moisture.

The preecision insulator is machined
from KEL-F polymer rod and installed
in microwave oscillator assemblies by
C.G.S. Laboratories, Inc. of Stamford,
Conn. C.G.S. obtains its rod stock
from the Resistoflex Corporation,
Belleville, N. J. who extrude it from
unplasticized KEL-F polymer.

For further information ask for
Application Report E-127

Leading molders, extruders and fabri-
cators speclalize in the production of mate-
rials and parts made of “RKel-F” ... each
month this column will spotlight several
of these companies with their principal
services and products.

Booker & Wallestead, Inc.

Minneapolis, Minn.

Injection molding

Compression & transfer molding
(Specialize in short runs)

H & R Industries |

Nazareth, Pa.

Extrusion & injection molding
Machining & forming

Rod, tube, tape & strip
Resistor sleeving

Electronic Wave Products, Inc.
New York, N. Y.
Sealing of film
Forming
Container liners; gaskets

Reiss Manufacturing

Corporation
(Rway Synthetic Products Div.)
New York, N. Y.
Extrusion, compression & transfer
molding
Machining & forming
Rod, tube & sheet
Gaskets & diaphragms
Yalve seats

L - _J

Polymer Developments. ..

Blending equipment is now coated with
“baked-on” KEL-F polymer disper-
sions to eliminate wasteful sticking
of special plasties during processing.
Chemical inertness and non-stick
qualities of coating have cut mainte-
nance and contamination.

Switch seals of the plunger type are now
molded of fluorocarbon polymer to
provide a hermetic seal that will
withstand high altitudes and tem-
peratures.

Valve seats machined from KEL-F
polymer rod stock are used in a
special valve required in nuclear re-
search. Non-porous, tough plastic
effectively keeps active Helium iso-
tope from diffusing through the seat.
Low “‘cold flow”” keeps seats smooth
and undamaged even after many
“high torque” closings.

Covers for high-frequency components
are compression molded of fluoro-
carbon polymer for electrical insula-
tion as well as maximum visibility
of contained parts. High impact
strength and resistance to aging
eliminates need for special protective
or reinforeing shields or guards.

® Registered trade-mark for The M. W. Kellogg Company's fluorocarbon Polymers.

www._americanradiohistorv. com
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GREAT NAMES IN COMMUNICATIONS...

[ ]
rery onpelland crysiais

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

reliable frequency control in their products.

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

millions of crystals for every communications use.

Whaton o Cugdtel e eomustiinal. o bighls decsibid
Mmﬂ&%ﬂ,w,m S

MANUFACTURING COMPANY, INC.
3105 Fiberglas Road, Kansas City, Kansas

LARGEST PRODUCER OF QUARTZ CRYSTALS

ELECTRONICS — October, 1954
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Miniature TV Tri-color cathode gun
solves designer’s dilemma

Sometime this year, a fortunate few thousand TViewers who A smaller shank and cap which will not dish-in offers better
can pay the freight will relax at home and watch their transmission of electrons to the TV screen.

Smaller guns permir a more compactly assembled 3-gun unit.
By moving guns closer rogether, the deflection of the electran
beams is more closely controlled.

Miniaturization of the guns means a smaller neck on the

favorite stars cavort in color. Back of cach screen is a
triumph of engineering magic—a tri-color cathode ray gun,
actually 3 cathodes—one for each primary color.

To bring color TV within pocketbook range of all of us, finished TV tube. The 3-barrel color tubes take little more
the heart of future guns will be a miniaturized version of the space than black and white types, and vital space is conserved
present disc cathode. The tubular nickel shank of this Sfor set manufacturers.
new disc cathode has been shortened from .312" to .220”
and the outside diameter decreased from .121" to .090", The advantages of the present larger disc cathode for
resulting in a number of improvements adding to the cfli- monochrome guns—wide choice of material for cap and
ciency of the assembly. shank ; close “*E” dimension control—are also incorporated

in the new design.

Cathode surface area is reduced. Smaller and shorter heaters

used. Less power required (300-450 milliamps instead of the
600 required in older guns).

If you're interested in more information on materials used
in the new disc cathode, and details on Nickel and Nickel

Lower heat radiation, due to less power, offers a constant Alloy Tubing, mail coupon today for a blueprint and Data
heat as well as a cooler continual operation. Memo 5 and 19. There’s no obligation.
(Pl Yt g o ek ey D ) =1
[ I
| Superior Tube Company, 2500 Germantown Ave., Norristown, Pa. |
| Electronics Division. [ ”/ﬂ,
| Please send: [] Blueprint [ | Data Memo 5 and 19 on Superior Nickel |
| and Nickel Alloy Tubing. i
: Name :
I Company. . |
: Address = I The big name in small tubing
i n— 1 Stat
| City ofe ate | All analyses .010” to %" O.D.
L e e e e . Certain analyses in light walls up to 2%2" 0.D.
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NEW HORIZONS IN ENGINEERING

| R
Airport -ﬁ-aﬂ-ic C() P"

General Electric developed this unigue radar system to track, P .
position and control plane traffic with maximum safety. R B8 SUUUENMIA EENCHEMS

E o . . design, development ond fabrication
It provides many advantages over conventional systems. The special shape e
P y g Y p

/ ) k EN
of the antenna radiates a beam 12,000 ft. vertically and from 30 to 60 miles ,J,,i:‘,,ac,gLstmaim hot-end components
horizontally, providing control of all planes in proximity to the airport. THERMODYNAMICS

Within the pattern of this beam all aircraft are easily detected.

design, development ond fabrication of

The Special Products Division of I-T-E was asked by General Electric to equipment to operate on advanced theories
undertake the production, design and fabrication of this antenna to rigid GUIDED MISSILES
tolerances. Although 10 feet wide and [2 feet high, the finished product advanced fabricating techniques
deflected only Y4 inch in actual use when covered with ice and TITANIUM .
subjccted to a 90 knot wind. proven welding, forging, forming, spinning

techniques with this hard-to-work metal

This is another of the many ways in which I-T-E technology and TS
speqnallzed fabricavting background helps sovlve production problems combining spinning and drawing 1 on almost
for industry. Special Products has an experience in a wide variety of fields. limitless variety of designs in ¢ wide range
Their engineers might have the solution to your problem. of metals

Wiy not send for Publication SP-100 E-10 today.
It shows what has been done to help others.

TECHNOLOGY
ABILITY SPECIAL PRODUCTS DIVISION

FACILITIES 1-T-E CIRCUIT BREAKER COMPANY
601 East Erie Avenvue o Philadelphia 34, Pa.

Progress through Problem Solutions SP 10.4
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X
interested in H-E ?l sunw send for 8 page Bulletin

10\)(’“q 77 IN Trang e
PERFORMANC‘E\
~ WHEN BUILT BY

- NOTHELFER

*HIGH
EFFICIENCY

NOTHELFER Transformers are superior be-
cause they are vacuum-pressure impregnated,
and all joints over 10 amperes are silver-
soldered. Bus leads of over 100 amperes are
silver-plated, conservative copper and steel.
Laminations, oriented and most silicon steels
are annealed in accurately controlled nitrogen
8 page Bulletin gives  gtmosphere electric furnaces.
comP;Z:ed':::'izatw"' We also manufacture air and iron core reac-
’ tors, and saturable core reactors.

From 10 VA to 300 KVA Dry-Type
only. Both open and encased. 1, 2,
and 3 Phase. 15 to 400 Cycles,

WINDING LABORATORIES

ESTABLISHED 1920 9 ALBEMARLE AVE. TRENTON, NEW JERSEY

. ’NEMA,)g
Manufacturers of Electrical Transformers— %

Testing Equipment

MEMBER

MEMBER
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Get a head-start in
mechanical assembly

i ?

Here are just a few Hermetic Vac-Tite™
seals that eliminate extra production
operations and save yoy money!

Unit Header with Studs Attached—Saves .space;
shaped fo fit enclosuré of ton; eliminates

extra welding and soldering operations.

Weld Seals—Has the proper projections for

leak-tight welds. .. .. -

Lock-Ring *‘Safety’’ Seal—Simple, sure method for
installing headers that is not dependent on solder
alone for mechanical security; removable.

Threaded Bushing Seal—Firm mechanical connection
has maximum shock and vibration resistance and
adaptability for positioning and adjustment.

Taper Tab Headers & Terminals—Quick, solderless
connections adaptable to many applications.
Terminal Strip—Pre-mounted terminals offer
advantages of a conductive surface for heat
dissipation, arc-resistance of glass, one piece assembly.
Attached Bracket Seal—Supports entire assembly
on built-in structural member.

wm for engineering assistance, datg,. prices

31 South Sixth Street, Newark 7, New Jersey

*VAC-TITE is HERMETICs exclusive vacuum proof

compression ¢Bnstruction glass-to-metal seal.

FIRST AND FOREMOST I

HERMETIC SEAL PRODUCTS CO.

e

“**Yet Hermetic's Vac-tite’ Headers

win part of the race for you
with mechanical designs to solve

your problems.

i i

N M:I' N

Want morc information? Use post card on last page.
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Miniature

Slip Rings «« Brushes

Iron Fireman

New type slip ring and brush assemblies to meet the

precise requirements of modern control systems! Iron

Drawing of rypical assembly.

Fireman has developed a new production technique

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

<9 Low cost

<¢ Extremely low static and dynamic friction

<¢ High dielectric strength between adjacent circuits
<4¢ Multiple circuits in unusually compact assemblics

<¢ Matched color coded leads

TYPICAL APPLICATIONS

RESOLVERS TORQUERS TELEMETERS
COMPUTERS POTENTIOMETERS SYNCHROS

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

brushes. Write for your free copy today. Custom made to your requirements

We will design and produce slip rings and brushes to

meet the exact requirements of your project.

Other Iron Fireman Electronic and aircraft components

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

Iron Fireman

2800 S. E. 9TH AVENUE, PORTLAND 2, OREGON DIVISION
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EVERY ELECTRONICS ENGINEER HAS DESIGNED COILS TO UTILIZE

MOLDITE CORE"STANDARDS™

Consistently dependable, Moldite core

“Standards” are in demand wherever electronic
engineering requires the finest in precision-
manufactured cores with absolute uniformity

from first to last.

MOLDITE CORE"“STANDARDS” OFFER... -

ECONOMY HIGH QUALITY
AVAILABILITY INTERCHANGEABILI
UNIFORMITY FLEXIBILITY

“The right Moldite core for the right coil?
is a byword at National Moldite whose precision
production facilities have given the industry a
superlative core or coil form for every electronic
application.

Design with Moldite Core Standards in Mind.

“onp, ERE CORE® TOW Ay,
Lepy, Ling < Eﬂ(‘,\?‘?‘ FERRITE CORES “’0{@
= MOLDED COIL FORMS
OF MOLDITE ECONOM (iron and phenolic)

MAGNETIC IRON CORES
FILTER CORES
THREADED CORES
SLEEVE CORES
CUP CORES

‘ CATALOG

NATIONAL
A%
COMPANY THE MOST COMPLETE LINE OF
MOLDITE 1RON CORES CORES IN THE INDUSTRY!

MOLDED 011 FORMS « FERRITES

Send for our new Catalog #120

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

Robert T. Murray Jerry Golten Co. Arnotd Andrews Perlmuth-Coleman & Assoc. Jose Luis Ponte
614 Central Avenue 2750 W. North Ave. 521 Cumberland Ave. 1335 South Flower Cardoba 1472
East Orange, N. J. Chicago 22, 1. Syracuse, N. Y. Los Angeles, Cal. Buenos Aires C 0 Rl P A N Y
1410 CHESTNUT AVE., HILLSIDE 5, N. J.
ELECTRONICS — October, 1954 Want more information? Use post card on last page. 63
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Rotor Inertia. .

COMMON CHARACTERISTICS OF ALL
TYPE 20288 MOTOR GENERATOR UNITS

Pinion Data.......10T.96P. 20° P.A,
0.D. of Case..........1.000 inch
Overall Length .. . 2 37/64 inches
Weight .. ...5 ounces
Frequency.. ... ... 400 cycles
No. of Poles (Motor)........6
No Load Speed (Min.} ... . 6500 rpm

..1.1 gram-cm?

ELECTRICAL CHARACTERISTICS
OF TYPICAL TYPE 2028B MOTOR GENERATORS

I OUTSTANDING FEATURES OF

TYPE 2028B MOTOR GENERATOR

e New methods of manufacture resuit
in high efficiency

TYPE NO. MOTOR GENERATOR
. OUTPUT
EXCITATION INPUT STALL | Theoretical | EXCI- PER
20288 — PE TORQUE | Acceleration | TATION 1000
FIXED | CONTROL ' PHASE AT STALL | FIXED | INPUT rpm
0411110 26 26 23 04 | 25600 26 18 51
0412120 26 26 4.0 0.6 38500 26 2.2 .68
0413120 26 26 1.8 0.3 15200 26 22 .68
0460600 115 115 4.0 0.6 38500 115 2.6 1.00
0470600 115 P-P 4.0 0.6 } 38500 115 2.6 1.00
T
volts volts watts Oz-n | rad/sec? | volts watts volts

a new peak of efficiency
in small servo motors

High torque to inertia ratio to give
fast response

Available for 115 volt -115 volt two
phase or single ended tube operation

High impedance winding for direct
plate to plate operation available

High generator output voltage with
excellent signal to noise ratio

Zero degree phase shift in generator

All metal parts corrosion resistant

Extremely wide operating temperature
range

Input per phase only 1.8 watts

A new line of units has been added to the Kollsman “Special Purpose
Motors” family combining precision machining, advanced electrical
design and the latest in new materials. This new line consists of
Induction Motors and Induction Generators supplied separately or
combined in a single case one-inch in diameter. The new motors
have been designed to give the maximum torque per watt ratio
with the minimum rotor inertia. The generators have been designed
to give the maximum output voltage with the minimum residual
voltage and phase shift.

One of the principal features of the Kollsman “Special Purpose
Motors” is the interchangeability of parts which permits numerous
electrically different combinations of motor and generator windings
within the same case.

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

Other models of one inch O.D. units

TYPE NO. DESCRIPTION
2103 Induction Motor
2101 Geared Induction Motor
2131 Geared Motor Generator

Latest catalog and/or com-
plete specification drawings
will be sent upon request.

INSTBUMENT CORP.

bkollsman

7
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Complete coverage of
the range 950-10,800 mcs /sec.

ATORS

with Polarad single dial operation

Four new Microwave Signal Generators covering the range 950-10,800 mcs/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, singie 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 2150-4600 4450-8000 6950-10,800
Frequency Range MCS/sec. MCS/sec. MCS/sec. MCS/sec.
(Frequency set by means of a single directly calibrated control}
Frequency Acouracy - +1% +1% +1% +1%
Power Output 1 MW 1 Mw 2 MW 2 MW
Attenustor Range 120 db 120 db 120 db 120 db
Attenuator Accuracy +2db +2db +2db +2db
Output Impedance 50 ohms 50 ohms 50 ohms 50 ohms
Input Power 115V+10% 115V+10% 115V+10% 115V+10%
60 cps 60 cps 50-1000 cps 50-1000 cps
imternal Pulse Modulation:
Pulse Width 0.5 to 10 microseconds
Delay 3 to 300 microseconds
Rate 40 to 4000 pulses per second
Synchronization f internal or external, sine wave or pulse
Intermnal FM: |
Type Linear sawtooth
Rate 40 to 4000 cps
Synchronization Internatl or external, sine wave or pulse
Frequency Deviation +2.5 MCS +2.5 MCS +6 MCS +6 MCS
Externel Puise Modulation:
Polarity Positive or Negatlve
Rate 40 to 4000 pulses per second
Pulse width 0.5 to 2500 microseconds
Pulse separation (For multiple pulses) 1 to 2500 microseconds
Owtput Synchronizing Pulses:
Polarity Positive, delayed & undelayed
Rate 40 to 4000 pps
Voltage Greater than 25 volts
Rise time Less than 1 microsecond
Stze  |Approx. weight 17" long x 13%4" high x 151" deep | 60 Ibs. ] 17" long x 15" high x 19%," deep | 100 Ibs.

*Also available—MSG 4A: 6,950—11,500 MCS/sec.

ELECTRONICS CORPORATION 100 metropoLiTan avenue,

BROOKLYN 11, NEW YORK

"THE FINEST SIGNAL GENERATORS OF THEIR KIND'

REPRESENTATIVES Albuquerque « Arnprior, Canada « Atlanta « Boston » Chicago » Cleveland « Fort Worth * Kansas City + Los Angeles » New York « Phifadefphia's San Francisco * Seattle « St. Paul « Syracuse + Washington, D. C.
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Compare
Machlett

High Vacuum
Rectifier Tubes
with any

other make

ML-102A
ML-5575/100
ML-5576/200

ML-199¢

GACHLETD

ML-5575/100 compared with competitive high
vacvum rectifiers having conventiona! design
features and identical peak ratings.
i Conditions: Bridge-type reclifier circuit.
Anode Dissipation = Forward Volts x Amperes

‘ Waveform: Squore, where
Filament Yolts, each tube: 20.

Anode Amps. Anode Amps.

1.3 - 13
1.2LJ—I—$/; L || I

i ML-5575/100

operating at peak rated — 1!

1

\

| 1.0
anode dissipation rating. L i

(

|

1.0}— current uses only 1/3 of
0.9+ , T — 10.9
| L ‘
0.8 # L ——Jos |
Competitive Rectifier L '
0.7 |~ — operating at 65% of peak [ 2 0.7
0.6 anode current uses entire — 06 1
L anode dissipation rating. I | ’ {
0.5+ — 0.5
0.4} {- :v 0.4
0.3 I —40.3
0.2} L to2
0.1 Wl + 0.1
0 0

400 800 1200 1600 2000 2400
Forward Voltage, Voltage Required to Draw Electrons to Anode

:

ML-5575/100 operates at 100% of current rating with 300%, safety factor
for anode dissipation. Competitive high vacuum rectifier tube
operating at 65% of peal anode current is at limit of anode dissipation.

Machlett High Vacuum Rectifier Tubes give maximum
rectification efficiency and high working load capacity with no
increase in anode dissipation requirements, because . . .
unique Machlett catenary type filament, eliminating need for
electrostatic shielding, gives . . .

Highest Operating Efficiency
Coolest Running Anode
Highest Working Power Level
Highest Overload Capacity
Longest Life

For particle precipitation, chemical recovery, hold-off diode
application and general high voltage requirements, a broad
range of Machlett High Vacuum Rectifier Tubes are available.
Included among the higher power tubes are:

75 PKV, 0.75 max anode amps; 750 watts anode dissipation.
100 PKV, 1.00 max anode amps; 750 watts anode dissipation.
150 PKV, 2.00 max anode amps; 1000 watts anode dissipation.
110 PKV, 10.00 max anode amps; 1500 watts anode dissipation.

“Thoriated Tungsten Filament.

For complete data write to:
MACHLETT LABORATORIES, INC.
Springdale, Connecticut
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'HS—HERMETIC SEALED
MP—MOLDED PLASTIC
QL—VACUUM IMPREGNATED

ez

.-. Designs for ALL Requirements. ..
~ for Chassis Mount or Printed

! Circuits

FREGUENCY
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For increased reliability in —— —

FREQUENCY SHIFTreception ——

specify NORTHERN RADIO. —

- Long-time stability 1 cycle per
megacycle

- Variable to ANY frequency!

from 2 to 4 mc within 1 part
per million

In addition to accomplishing these new highs in stability with variability, the Type :
173 Model 1 is so easy to operate that it can be handled by completely unskilled per- - =

sonnel: frequency is continuously displayed. - E § —
It is excellent as the basic control oscillator for diversity receivers, HF trans- ¢ i)
mitters, and other communication devices, or as a laboratory standard. It also pro- ’ o ”“”"“‘:_:)
vides both a crystal-controlled BFO and a time base 100 kc crystal oscillator as a - )
secondary standard; stability of the latter is 1 part in 5 million. The power supply ”i__ ol =)
for this model is housed in a separate panel. L — -»__n__m__n .
S—— )
—
—m Y
iy (¥

J

NEW ! rrequency suirr
" DIVERSITY CONVERTER

» for use with either single-receiver fre-
quency diversity systems or two-seceiver
space diversity systems

The Type 174 Model 1 provides solid copy of ! ) = e

signals which are 14 db below white noise level—making it w8 -
the outstanding unit of today. By means of plug-in units, any reasonable .
number of channels is available between the frequencies of 425 and 3315 cps for either fre- LA L y

quency or space diversity operation. For standard FS operation, the plug-in networks provide B}
shift adjustments from 100 to 1000 cps shift. Normal Input Level: —40 to 410 VU (Zero VU —
1 MW into 600 ohms). Satisfactory operation on fades to — 60 VU. . .’ .

Norrzizry RADIO COMPANY, in..

147 WEST 22nd ST., NEW YORK 11, NEW YORK

Pace-Setters in Quality Communication Equipment

Write « Frequency Shift Keyers * Multi-Channel Tone * Radio Multiplex Y Py —
for * Master Oscillators Systems Systems . S
complete * Diversity Receivers * Tone Keyers * Tone Filters L. =
. P. * Frequency Shift * Demodulators * Line Amplificrs A
information, Converters * Monitors » Twinplex Equipment
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FOR LOW !

Model KC-2

2.0 Cu. Ft./Min,

(57 Liters)

Model KC-15
15.2 Cu. Ft./Min,
(430 Liters)

Model KC-46

46.0 Cu. Ft./Min.
(1300 Liters)

Model KC-5
4.9 Cu. Ft./Min.
(140 Liters)

Kinney Compound Vacuum Pumps produce low absolute pressures of 0.2 micron
(Mcleod) or better completely unassisted. They are quick starting, high pumping speed
units, designed to answer every requirement of the laboratory or pilot plant. Alf four
of these pumps can be effectively gas-ballasted for handling water-vapors.

Write us dbout your vacuum problems. Competent vacuum engineers in all our
district offices are ready to help you. Send coupon for details. Kinney Mfg. Division,
Boston 30, Massachusetts.

| KINNEY MFG. DIVISION

l THE NEW YORK AIR BRAKE (OMPANY:® Name. .. l
l 3565 WASHINGTON STREET ¢ BOSTON 30 * MASS. |

Company

| l ! Please send Bulletin V54 describing the complete
| line of Kinney Vacuum Pumps. AAress.. ...t |

| I l Qur vacuum problem involves. .

L e v B e e s G Y ) iy
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PTM’s unequalled record
in microwave pioneering
and progress assures you —

Mecrowave al ils
Mbnﬁ/eé/ and tesl

No other radio relay system can match the breadth
of the experience built into Federal’s Pulse-Time
Modulation Microwave . . . culmination of over
two decades of research, enginecring, manufactur-
ing and installation by associated companies of the
world-wide International Telephone and Telegraph
Corporation.

Here is the multi-channel system that is outstand-
ing for its advanced design—featuring modern tele-
phone techniques . . . streamlined circuitry . . .
fewer tubes . . . simplest, smallest RF equipment. ..
highest RF output...easy, economical maintenance.

Here is the system that is engineered to do a com-
plete communications job for pipelines, railroads,
utilities, telephone operating companies and many
others . .. and do the job dependably!

Over 6,000 route-miles of Federal PTM Micro-
wave have already been installed in the U. S.

Whatever your requirements, Federal is ready to
help you plan microwave links and networks of
any length or channel capacity . . . to deliver a
“turn-key” installation . . . all from one reliable
source of supply. For details, write Dept. H-413.

- BUILT '”‘°F€d€t’d/§

. .. this unique 23-year background
of world-wide microwave experience
and dependable performance!

PTM and Other Microwave Milestones

by IT&T System Companies:

FIRST public demonstration of UHF communmica-
tion (across the English Chagnel, 1331).

FIRST commercial UHF link (Lympne, Engknd
to St. Inglevert, France, 1933..

FIRST multi-channel radiotelephone link (St-an-
raer, Scotland to Belfast, Nor-hern lreland, 1936).

PIONEER laboratory develo>ment of pulse sys-
tems of modulation —PTM _pulse time modula-
tion), PCM (pulse code), PAL. (pulse amplitude),
and PWM (pulse width).

FIRST public demonstration of PTM multioslex
microwave point-to-point ccmmunication (INew
York City, 1945).

FIRST public demonstration of PTM multiplex
microwave broadcasting (New Yo-k City, 1946).

FIRST commercial-type PTL. microwave rzdio-
telephone installation in: Eastera Hemisphere
(the Netherlands, 1947); Western1 Hemisphere
(Canada, 1948).

FIRST private-line microwav= installation (Key-
stone Pipe Line Co., United States. 1949).

FIRST PTM microwave link for ar aviation zom-
munication system (Mexico ity Airport, 1749).
FIRST television across Eng’ish Channel, using
portable microwave links (Calais-Zondon, 1750).

FIRST microwave television link <o carry simul-
taneous sound (United States, 1952).

FIRST long-distance intercirz microwave televi-
sion link in Eastern Hem:sphere (Manchester-
Edinburgh, 1952).

PIONEER development of “Microstrip”—a substi-

tute for wave guide. Announzed te industry, 1953
(United States).

Federal PTM Microwave—First in “FIRSTS”

v MICROWAVE
Federal Telephone and Radio Company movies
16 mm. color prints on
A Division of INTERNATIONAL TELEPHONE AND TELEGRAPH CORPORATION “PTM* available without
PTM AND WIRE TRANSMISSION SALES 100 KINGSLAND ROAD, CLIFTON, N.J. charge. Write to Film
In Canada: Federal Electric Mariufacturing Company, Ltd., Montreal, P. Q. Distributing Dept.

Export Distributors: International Standard Electric Corp., 67 Broad St., N. Y.
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NEW
PRESTO
SR-11

Complete studio console tape recorder.
Never before so much quality, operational
ease and value at such a modest price.
Embodies the famous PRESTO R-11 tape
mechanism, matching amplifier — power
supply in sturdy well-designed console cab-
inet. ‘T'hree motors for complete flexibility;
15”7 and 714" per sec. speeds.

PRESTO
R-7

Rugged, portable tape recorder with separate
recording, reproduction, and erasing heads.
Built around a sturdy, three-motor drive
eliminating friction clutch, the RC-7 con-
tains the same high-quality components
found in PRESTO’S fine studio equipment.
Heavy-duty construction throughout.

PRESTC
900-A

Precision tape amplifier for portable use or
rack mounting. Composed of individual
record and reproduce (inonitor) amplifiers
on a common chassis; separate power sup-
ply; three-microphone input, 250 chm low
level mixer: illuminated V.U. meter. Out-
put of reproduce amplifier. 500 ohms, plus
20 db maximunm. May be used with any
.model PRESTO tape recorder.

PRESTO A-920

More compact than the 900-A. In carrying
case or for rack mounting. Consists of
microphone preamp, a reproduce preamp,
power amplifier and power supply — all on
a common chassis. Two small speakers
mounted hehind front panel for playback.
Single mike input: 250 ohms. Playback
output: 15 ohms, 10 watts,

PRESTO
R-11

A tape recording mechanism of truly modern
design in engineering and operation. Mech-
anism includes three-head assembly, sole-
noid operated brakes and employs the
exclusive Capstan drive unit. Tape reels
mounted divectly on leavy-duty torque
motors.

PRESTO
PB-17A

Reliable, long-playing tape reproducing
mechanism. Automatically reversible for
continuous playback for background music
in eight hour cyeles. Frequency response
uniform from 50 to 8000 cps. Tape speed:
334" per sec. Reels up to 11" diam. (4800
of tape) with dual track.

PRESTO
TL-10

Turntable-driven tape reproducer. Unique,
low-cost unit that adapts any 16” turntable
for reproduction of tape at 714" /sec. or
15" /sec. with exceptional accuracy. No
pre-amuplifier required; plugs into standard
studio spced input equipment.

PRESTO
CDR-200
CAPSTAN
DRIVE UNIT

Heart of all Presto tape recorders and re-
producers. Motor, capstan and flywheel,
pressure pulley and pressure pulley sole-
noid are mounted on independent cast
aluminum chassis. Positive, very quiet tape
drive with minimum of parts.

Behind every piece of tape
equipment are these
PRESTO “‘extras''—
painstaking craftsmanship,
years of experience...
quality control...and
advanced production
facilities that guarantee
instruments of absolute
precision and lifelong

dependability.

RECORDING CORPORATION
PARAMUS, NEW JERSEY
25 Warren Street, New York 7, N,

Instantaneous Recording Service,
42 Lombard Street, Toronto

WORLD'S LARGEST MANUFACTURER OF
PRECISION RECORDING EQUIPMENT
AND DISCS

Export Division:

Canadian Division:

MAIL THIS COUPON TODAY

Presto Recording Corporation
Tape Equipment Sales Div.

Paramus, New Jersey

Please send full information and prices on
the following Presto tape cquipment:

|

I

|

]

|

|

1

|

|

[ [ SR-11Tape Recorder [] PB-17A Tape Recorder
| 3 R-11Tape Transport [ TL-10 Tape Reproducer
: O R-7Tape Recorder [ A-920 Tape Amplifier

| 3 900-A Tape Amplifier [] CDR-200 Capstan Drive
i

i

|

|

|

I
I

!

|

|

|

NAME

COMPANY_

ADDRESS__

CITY ZONE

STATE -




DATA RECORDING UNLIMITED

To push aside previous technical limitations
today's most far sighted engineers and scien-
tists are solving their data problems with

Ampex Magnetic Tape Recording.

;Lo -V 11 W {{elV]{ [ @ {31 Je] LM O to 100,000 cycles/sec.

Response is zero to 5000 cycles on the Ampex 306
100 to 100,000 on the Model 307
and 0 to 70,000 on the Ampex 311,

ol { e V.V, [ [A8. W -V el (4 hundreds, if desired

Up to 14 parallel tracks are standard
-and on magnetic tape each can handle as many as
100 channels of data by modulation techniques.

(ol I\ N TN V.S takes any final form needed

Magnetic data is convertible to oscillograph traces,
scope readings, computor feeds, control signals,
punched cards and any electrical form.

F XV - T.XO AT 11034113 (3 shock, altitude, corrosiveness, etc.

Tape has recorded accurately in rough riding
military tanks, in the cold and low pressure
of high altitude aircraft and

in corrosive conditions at sea.

{3 /o) Hee]I Ml an inexpensive, reusable medium

Usually the magnetic tape consumed

will cost less than film, paper or discs

to record “equivalent” information — and in addition,
tape is reusable and requires no special processing.

For further details on any model or any aspect of performance,
write today to Dept. E-1845

BRANCH OFFICES: New York; Chicago; Atlanta;

.
San Francisco; College Park, Maryland
(Washington D.C. area)

CORPORATION DISTRIBUTORS: Radio Shack, Boston; Bing Crosby
Enterprises, Los Angeles; Southwestern Engineering &
934 CHARTER STREET Equipment, Dallas and Houston; Canadian General
REDWOOD CITY, CALIFORNIA  Efectric Company, Canada.
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AMPEX MAGNETIC
TAPE RECORDERS

Ampex was first to build tape record-
ers for data and control — has accu-
mulated broadest experience in their
application — and today builds more
types than any other manufacturer.

W
s, rk?g"
*y)

- m ‘.'fi

Model 303 — Pulse width data, hun-
dreds of low-frequency channels si-
multaneously.

_

Model 306 — 0 to 5000 cycles, high
instantaneous accuracy by FM-carrsier
technique.

Model 307 — 100 to 100,000 cycles,
direct recording system.

Model 500 —— Most stable tape mo-

tion ever achieved, 100 to 100,000
cycles.

Model 700 — Seismic drum lype, 26
tracks.

Specialized and combination re-
corders — Numerous other specializ-
ed and combination types have been
developed by Ampex under govern-
ment and private contract. This wide
variety of experience is available fo
help solve your special instrumenta-
tion problems.

October, 1954 — ELECTRONICS
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The New

Pay-As-You-Profit
Plans

COIL WINDING MACHINERY

‘ Full details on the other side . . .




NOW! Two quick, practical ways to Modernize and Economize !

2 NEW LEESONA

Pay-As-You-Profit Plans

Why let lack of adequate coil winding machinery cost you money — in lost pro-
duction and higher operation and maintenance expenses? Universal’s two new Pay-
As-You-Profit Plans provide the benefit of modern coil winding machines — without
jeopardizing cash, capital position or borrowing power. Take your choice of two

Plans.

1. LEESONA LONG-TERM PURCHASE PLAN
Advantages of Plan I include:

Your Cash Position Safeguarded. Purchases under
this plan need not impair your company’s cash position.

Immediate Operating Economies. You get the
most up-to-date equipment on the market, thus assur-
ing operating economies al once — without wailing
until the complete purchase price has been accumu-
lated out of earnings.

Immediate Expansion Opportunities without
bringing in outside capital, which would dilute the
equity of present ownership.

Simplified Procedure. The Universal Winding Com-
pany handles the entire transaction for you. You need
not enter into extended negotiations with any money-
lending organization.

Under the Long-Term Purchase Plan you may extend
your payments over any period up to five years — de-
pending on the amount involved. Terms include an
initial down payment, with the balance paid quarterly
over the desired period. Five percent interest is charged
on the unpaid balance only.

II. LEESONA LONG-TERM LEASE PLAN
Advantages of Plan II include:

You Conserve Your Cash. As under Plan I, you
put new, cost-reducing machinery to work for you im-
mediately — with little immediate outlay in cash.

No Impairment of Working Capital. Your com.
pany’s financial statement shows no increase in liabili-
ties.

Freedom From Debt, through leasing, assures that
your business can be operated without the restrictions
ordinarily imposed by creditors. Your company’s
future borrowing power is unaffected and its financial
structure is simplified.

You avoid the risk of the obsolescence factor.

Under the Long-Term Lease Plan you pay the first
year’s rental upon date of shipment and the remainder
in quarterly installments. At the end of five years, if
vou wish to keep the machinery you may either leasc
it for an additional period, at a small percentage of its
original value, or purchase it outright at its then fair
market value.

Adding up, here’s a real opportunity to get the up-to-date, cost-cutting coil winding ma-
chinery you need — and get it fast, with practical, simplified financing!

Take advantage of the Pay-As-You-Profit Plan that best meets your needs. Contact your
Universal Representative or write direct to UNIVERSAL WINDING COMPANY, P. O. Box

»
L

:4-,

N 1605, Providence 1, R. 1., or 9 South Clinton St., Chicago, Ill.

[ q /fw UNIVERSAL WINDING COMPANY

‘(
é N

-

&

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

Sales Offices: Providence « Chicago - Los Angeles « Philadclphia



Not a riddle, but a fact

. the above statement, We

mean simply this. The me-

chanical design of a waveguide structure
. its size, shape and weight, arc

of equal importance to ils electronic
propertics and performance.

Thus accurate design and production
planning to suit the finished

end product is highly important.

We at Budd Stanley exist solely to
produce the finished structure

you design . . . exactly as

you specify it. And we

are uniquely qualified to do so.

Our long experience in microwave
components and specialized tool-

ing and manufacturing facility is
devoted solely to producing
microwave components to your
design . . . simple or

complex . . . in light or heavy

melals . . . manufactured

and tested to your specificalion.
But check for yourself. A phone call,
letter, or wire will put our entire
staff at your service.

Why not call us in today?

'

BUDD : STANLEY CO.INC.
48-01 22nd Street » Long Island City 1, N. Y. e @ T
Tel. STillwell 6-1706 Cable address: “BUDDSTAN” specialists in microwave application
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Aerocom’s Dual Automatic Radio Beacon

A-101

AER

CcoM

DEFINITELY DEPENDABLE®

Reliability is built into every part of this

dual 1000-watt aerophare unit. Ruggedly
constructed and conservatively rated, it
provides trouble-free unattended service,
and at truly low operating and mainte-
nance cost. It operates in the frequency
range 200-415 kcs, using plug-in crystal
for desired frequency.

Uses single phase power supply, nomi-
nal 220 volts, 50 or 60 cycles. Consists of
two 1 kw transmitters with keyer (2
keyers if desired), automatic transfer unit
and weatherproof antenna tuner. Each
transmitter housed in separate standard
rack cabinet, with controls in rack cabinet
botween the transmitiers.

1

Nominal carrier power is 1000 watts.
High level plate modulation of final
amplifier is used, giving 30%-35% tone
modulation. P-T switch interrupts tone,
permitting voice operation. Operates in
ambient temperatures from -35°C to 50°C,
humidity up to 95%.

Standby transmitter is placed in opera-
tion when main transmitter suffers loss
(or low level) of carrier power or modula-
tion, or continuous (30 sec.) tone. Audible
indication in monitoring receiver tells
when standby transmitter is in operation.

Antenna may be either vertical tower
or symmetrical T type.

AER

coM

S.W. 37th AVENUE FLORIDA

+ MIAMI,
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REED MAGNETIC AMPLIFIERS

Series MAF S

TWO CYCLE RESPONSE TIME—DRIFT-FREE

The Freed MAFS series of Magnetic Amplifiers is characterized by

® FAST RESPONSE — 2 cycles of power frequency delay for 100% response to step

input signal.

@ PHASE REVERSIBLE A.C. CUTPUT WITH ZERO DRIFT OF NULL POINT

The MAFS series includes the units described below. Engineering and development facilities
are available for the design and development of Magnetic Amplifiers having special per-
formance characteristics.

 FAST-RESPONSE MAGNETIC AMPLIFIERS — DRIFT-FREE

ig Fult Max. Signal Max. Typical Motor Load
Suppl‘y Voltaze | Power Voltage Reg. for Power Mfr. and Stall No Load FREED
and Freguency j Output Output full output Gain Type No.  Torque Speed | Type No.
115V, 60 -}15 watits | 115V, AC V. AC 105% "16% Diehl 5.5 inoz | 3500 RPM | MAFS-1
phase 10,000 ohms FPE 25-11
- reversibla | input impedance)
118V, 400 5 57.5V. AC AV, AC 5 x 103] Kearfott 15 5300 MAFS-2
g phase 10,000 ohms R 110-2
: reversible { input impedance)
115V., 400 10 57.5Y. AC V. AC 1 x 107 | Kearfott 2.4 5300 MAFS-3
phase (10,000 ohms R 1112
reversible § input impedance)
115v., 400 50 115V. AC VO AC 5 x 107 Bendix 14 3700 MAFS-4
; phase : (10,000 ohms CK-3000
{ reversible | input impedance)

SEND FOR LATEST DETAILED BULLETINS AND CATALOGS

FHEED RESEAHCH, Engineering and Production Facilities Combine to Produce Trans-

formers and Instruments of Top Performance.

1722 WEIRFIELD ST, BROOKLYN (RIDGEWOOD) 27, N. Y.

FREED TRANSFORMER CO., INC.

Freed Magnetic Amplifiets, Satu.
rable Transformers and Reactors
are designed for efficient opera-
tion and long life. They can be
used wherever reliable, rugged
and maintenance free systems
are required.

The types of amplifiers listed are
designed to control AC servo-
motors,

Development {facilities are avail-
able for the design of magnetic
amplifiers to meet specific re.
quirements.

All standard units are hermeti-
cally sealed and meet MIL-T-27
SpecHications.

SATURABLE TRANSFORMERS —
Controlled with dual triode; plale sup-
ply can be either DC or AC;: no recti-
fiers; AC or DC control signals.

PUSH-PULL MAGNETIC AMPLI-
FIERS — AC or DC conirol signals;
high gain; may be used with magnetic
or vacuum tube preamplifiers if needed.

FAST-RESPONSE MAGNETIC AM-
PLIFIERS — High gain; half-cycle per
stage response time; AC or DC control
signals; RC feedback networks far con-
trol system stabilization can be used
directly, preamplifier not needexd.

HIGH TEMPERATURE MAGHNETIC
AMPLIFIERS — Designed to operate
in ambient temperatures as high as
200°C.; AC or DC control signals.

DRIFT-FREE MAGNETIC AMPLI-
FIERS — For rigid drift-free require-
ments of control systems; desigmed to
meet specific requirements,

OTHER FREED PRODUCTS
TRANSFORMERS

® Hich Fidelity
@ High Lavel Pulse
@ High Q Toroids

® Miniature
Transistor
® High Q Reactors

® Power © High Temperature
@ S)ug-Tuned © Miniature Audio
© Hermetically ® Charging Reactors
Sealed © Sub-minjature
® Step-down © Precision Reactors
@ Precision Filters
INSTRUMENTS

® Comparison and LImit Bridges
© Low frequency "0’ Indicators
@ Incremental Inductance Bridges
® Universal Bridges

® Null Detectors and V.T. Voltmeters
© Power Supplies

@ A.C. Bridges and Accessories
© Ditferential Yoltmeters

© Harmonic Distortion Meters.

® Vide Band Amplifiers

® Decade Amplifiers

® Decade Inductors

© Decade Capacitors

© Megchmmeters

© Filtess

© Magnetic Yoltage Regulators



INSUROK' T-725
s a great laminate...
but can you punch it?

AN

4 ! . y

Sure I can ... but it
pays to let RICHARDSON
handle the whole job!

TYPICAL ELECTEONIC PARTS
PUNCHED FROM INSUROK T-725

If you are having difficulty punching laminated parts, why not turn
the job over to Richardson? You'll save the expense of excessive
spoilage, enjoy excellent workmanship, and eliminate the need for
maintaining your own production facilities. Richardson has the
skilled personnel, the knowledge of punching techniques, and the
equipment to fabricate the laminated plastics part you need, in any
volume. Find out how easy and economical it is to let Richardson
take over the fabrication of your electrical parts, or have their
experienced engineers assist you in your design problems. Phone

or write Richardson, today!

SALES OFFICES IN PRINCIPAL CITIES

ke RICHARDSON COMPANY

FOUNDED 1858
2797-M Lake Street, Melrose Park, Illinols (Chicaga District)
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Sturdy, resist shocks, dissipate heat

efficiently...yet prices are unchanged!

PYHE improvements you can SEE in the new
5U4-GA apply to all three new G-E rectifier
tubes for television. G-E Design Service brings

you, at no price increase, two rectifier tubes that are

completely re-engineered, plus one brand-new
type, the SAU4. All are much more dependable
than present types, so help reduce your TV
production-line rejects. The new tubes are
longer-lived—they cut down cn service
call-backs, increasing the repuiation of your sets.

Recent introduction of new 6BQ6-GA and
25BQG6-GA sweep tubes, and this announcement
of new G-E rectifier types, are only the first
steps in an extensive General Electric program
to design and build greatly improved receiving
tubes for TV. Manufacturers of sets are asking
for better tubes . . . G.E. is devoting every
resource to the task of supplying them!

Keep in touch with G.E. for new-design tubes
that will mean 7ew high quality, #ew value,
new reliable performance in the receivers you
design and manufacture! Address

Tube Department, General Electric Company,
Schenectady 5, New York.

* S5AUS
% 5U4-GA
% 5Y3-GT

NEW G-E LONG-LIFE
RECTIFIER TUBES'!

j _@‘

o @E&cﬁ"ﬁ

wugg w Ut

|

The 5U4-G prototype, though it did a good electrical job,
was subject to damage from shocks and vibration. G.E.'s
new 5U4-GA withstands hard usage, gives long service.
Arrows (above, right) poinf to reasons why:

]l

Substantial mica supports brace the tube structure af both
top and bottom, instead of at the top only.

2,

Glass bulb new is straight-side, compact, and strong. Diame-
ter is 30% less than 5U4-G.

3.

New double-fin plate construction impreves heat dissipation.
4.

Base construction now is button-stem, with the leads passing

through widely spaced irdividual seals at bottom of glass

envelope. Adds strength, gives shorter leads and greater

lead separation, and brings about better heat conduction
. which in turn reduces electrolysis and air-leakage.

New G-E 5U4-GA has same base diameter and layout
as prototype 5U4-G—is fully interchangeable.

Progress Is Ovr Most Important Product

GENERAL

ELECTRIC

162:1A5



specially designed to

Photograph showing Lock-in Features of

l Q - these
OW you | 1 ot Terminals
can get terminals =
especially designed to f S
meet the new MIL-T-27 0 L L

Twist Test right from stock, for
tmmediate delivery. Heldor’s four ] ;
A g A . Available in ftour types:
types of lock-in terminals lick “twist #5-218, 7/32”; #5-500, 1/2"
test” troubles . . . they can’t turn, #5-875, 7/8"; #5-1125, 1-1/8”
twist or loosen. They can be revised to meet your
special requirements. They incorporate the basic
advantages of 2/l Heldor Bushings, plus increased electrical
insulation due to an increased length of steatite. CANS &

COVERS

Use them with Heldor Cans and Covers.
You'll effect further and very substantial
economies when you avail yourself of Heldor’s complete
“package” — cans and covers with these new Lock-In terminals
already installed, and the final assembly and hermetic sealing of
your components in the cans.

built to meet MIL-T-27 and
Commercial Specifications.

HELDOR MANUFACTURING CORPORATION

HELDOR HERMETIC SEAL COMPANY, INC.
238 Lewis Street o Paterson, N. J.

Write today for samples and prices based on your requirements!

78 Want more information? Use post card on last page. October, 1954 — ELECTRONICS



30 Waldes Truarc Rings Save Space and Time...
Simplify Assembly and Disassembly

Potter's New Digital Magnetic Tape Handler

8 Prime requirements: fast starts, fast stops, fast tape
speeds. great accuracy. Using Truarc rings, this new model
starts and stops the tape within 5 milliseconds, his tape
speeds up to 60 inches per secand.

Tension Shaft Assembly

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

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

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

\ SEND FOR NEW CATALOG [}

I}

\__ ) WALDES

. IRUARC

REG U S PAT.OFF

RETAINING RINGS

WALDES KOHINOOR, INC,,

{14

For precision internal grooving and undercutting .. .

LONG ISLAND CITY 1, NEW YORK

Solenoid Mount and Capstan Assembly

3

/,ll Miniature Truarc E-Rings on .040 diameter shaft and on

// continuously running capstans eliminate projecting bolts

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

B Truarc Standard Rings (Series 51J0) hold the reel shaft
assembly firmly in place and permit the use of quick-lock
hubs so that the reel tapes can be changed in seconds as
they are finished.

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

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

Waldes Truarc Grooving Tool!

=
£106
Waldes Kohinoor, Inc., 47-16 Austel Pi.,1.1.C.1, N.Y.

Please send me the new Waldes Truarc Retaining

Ring catalog.
(Please print)

WALDES TRUARC RETAINING RINGS AND PLIERS ARE PROTECTED BY ONE OR MORE OF THE FOLLOWING
U.§ PATENTS: 2.362.947: 2.782,948; 2.416.8652; 2.420.921. 2.420.341; 2,439 785 2 441 846, 2. 455 1683,
2.483.380. 2.483.383. 2487.802: 2.487 803 2.491.306. 2,509.081 AND OTHER PATENTS PENDING

|
|
|
|
|
l
|
|
|
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Where precision is essential...
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THE HEWLETT-PACKARD COMPANY of Palo Alto, Cali-
fornia, as a manufacturer of electronic equipment,
has found that PLASKON Alkyds molding com-
pounds can and do meet all of their exacting speci-
fications!

In the VHF Signal Generator pictured above, for
instance, a material was needed that could guarantee
absolute dimensional stability to a component part,
thus assuring the instrument’s unfailing accuracy.
It had to be strong enough to hold silver inserts
without loosening during a life of 50,000 cycles. It
had to have a low coefficient of thermal expansion,

Want more information? Use post card on last page.

Oscillator Turret

be readily molded and offer high resistance to heat
and arcing.

According to Hewlett-Packard, glass-reinforced
PLASKON Alkyd molding compound is “the only
plasticthatmetall ourrequirements.” Inother instru-
ments, H-P has had equal success with PLASKON
Products using both mineral-filled and glass-rein-
forced alkyds.

We pass this “success story” on to you, with the
thought that what PLASKON Products can do for
others, they can do for you too.

www americanradiohistorv.com
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1. Transformer Terminal

2. Transformer Bobbin

3. Probe body Insulator

4. Coil Case

}
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“PLASKON Alkyd molding compounds’
fast cure has cut our costs considerably,”
says Ralph E. Lee, production engineer
at Hewlett-Packard. “We also get appreci-
able savings by molding parts such as probe
body insulators which formerly had to be
machined. PLASKON Alkyd molding com-
pounds’ outstanding electrical properties
result in higher quality for our components
too.”

1. PLASKON Alkyd molding compounds
give these transformer terminals high in-
sulation and moisture resistance.

2. Transformer bobbins have high strength,
even when walls are molded as thin as .040”.

3. Probe body insulator has a resistance
of at-least 100,000 megohms between ter-
minals, with dimensional stability over
long periods at 150°F.

4. Through using PLASKON 422 Alkyd
molding compound H-P cuts costs by
building only one cavity mold for coil cases
instead of many.

P ASKAE

For further information on PLASKON Plastics and
Resins address BARRETT DIVISION, Allied
Chemical & Dye Corporation, 40 Rector .

St., New York 6, N. Y. Hanover 2-7300 %‘; n'!

Want more information? Use post card on last page. 81
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Where Can YOU Best Use

These Properties?

Near-perfect
Radar Transmission

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

Great Strength
with Light Weight

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

Dielectric Constant 1,05

Loss Tangent .0005

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

~_weight ratios, and the

- AIRPLANE RADOMES,
for both military and
civilian planes, are but
one of the first con-
spicuous uses which
have taken advantage
of Nopco Lockfoam’s
excellent electrical
properties, its strength /

simplicityandeconomy
resulting from its pour-
- in-place technique.

.. the Joamed-in-place plastic

Want more information? Use post card on last page.

that places no limits on
your ingenuity!

The magnificent range of physical and electrical
properties of Nopco Lockfoam—plus its unique pour-in-place
versatility and convenience—is rapidly finding many
applications in electrical and electronic manufacturing,
as well as in aviation.

For Nopco Lockfoam literally *“‘goes where you want it”
—fills exactly the configurations of any cavity into which it
is poured. It is ideal for fabricating lenses for
electronic devices. It is ideal as a space-saving,
vibration-free potting material for holding
electrical components of circuits in a fixed
position. It is sure to find many other
practical uses.

You’ll surely want the full story. Write
today for the Nopco Lockfoam booklet.

&

Plastics Division

NOPCO

CHEMICAL COMPANY J}=r—\3
Harrison, New Jersey [restaray]
Cedartown, Ga. » 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.

October, 1954 — ELECTRONICS
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UT IRON CORE COSTS

=

with_ Stackpole
“PREFERRED TYPES”

M

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

delivery from stock . . . at low prices . .. and
without the usual set-up charge for

custom-engineered cores.

Mechanical specifications conform to

the latest MPA recommendations. Llectrical
standards fully meet 8 out of 10
requirements of radio, TV, and
communications equipment.

Write, wire, or "phone for details.

(%STACKPOLE CARBON COMPANY

Electronic Components Division
—
St. Marys, Pa.

83
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MICRO SWITCH Precision Switches

F' A PRINCIPLE OF

GOOD DESIGN 4 -

High Temperature
Basic Switch

A

C

Long-life
Submviniature Swifch

Subminiature
Rotary Selector Switch

Seuled Toggle Switch

Subminiature
Push Button

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 component.

€ 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 also 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 engineering 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.

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

switches. Available in a wide variety of sizes,

shiddee Whgliksy@ctuataandiolsciricalcinr DIVISION OF MINNEAPOLIS-HONEYWELL REGULATOR COMPANY sy

acteristics. For all types of electrical controls.

84 Want more information? Use post card on last page.
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Military Equipment Designers:

GET POWER GAIN 10-t0:1 AND UP
WITH GL-6283 U-H-F TETRODE!

Wide frequency range a feature!

Tube will operate anywhere between
low audio bands and 900 mc¢ at full input—

above 1,000 mc at reduced input.

GET 150 w of useful CW power—
dependably, with 300 w plate dissipation to
back up performance! Apply this output, as
oscillator or amplifier tube, @t any frequency
from kilocycles up to 900 mc! Type GL-6283
meets both these design needs . . . does so
efficiently, with a 10-to-1 or better power
gain (depending on the circuit) that

spells real economy.

Forced-air-cooled; compact; easy to plug
in or remove—these are GL-6283
installation advantages. The tube is

ideal for voice-communication
transmitters . . . coded-communication
transmitters which control pilotless
planes and guided missiles . . . other
military circuits calling for a tube

with low-to-medium power that’s versatile,
efficient, and rugged.

G-E Tube Design Service developed the
GL-6283 with your power needs directly in
mind. Full ratings, performance curves,
and descriptive facts will be rushed on
request. Wire or write Tube Department,
General Electric Co., Schenectady 5, N. Y.

Gives a DEPENDABLE 150 w of useful CW output.

300-w plate dissipation means extra margin of operat-
ing safety.

Forced-air-cooled for convenience. Only 23 cu. ft. per
min. required.

Installs in seconds. Just grasp tube by handle. and lowér
into cavity.

§ 6ENERaL (D eLscTRE §
i W- TIBEL
i g presyigeys B |

R-F EFFICIENCY IS
DESIGNED IN!

Note hpmrodioior area of G.E."s GL-6283
is complately external to r-f field (termi-
nals and tuned circuitry) . . . so that the
r-f paths are short and uninterrupted.

Wide areas for spring-finger contacts assure good
electrical connections.

Compact—less than 2%" wide, 4%2" high. Weighs
approx 1 pound.

Sturdy, shock-resistant, with strong internal supporting
members.

Long-lived..Durable ceramic construction; high-efficiency
ceramic-to-metal seals.

Frogress Is Our Most Important Product

GENERAL ELECTRIC

fez-181y
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"CHISEL EDGE LOCK WASHERS
The Wosher Thot Hos The Edge

Specially designed EVERLOCK lock washers
help keep R-B-M foot dimmer, headlamp, and horn
switches in ever-ready operating order. With their
exclusive deep-bite, alternating chisel edges, EVERLOCK
lock washers hold the vital screws and connecting wires
fast and secure.

Wherever permanent, vibration-proof fastenings are indicaced
—call on EVERLOCK. With EVERLOCK, you can fasten it and
forget it. In sizes and materials to meet any specifications.

Write for information or contact your nearest EVERLOCK
Representative

Special EVERLOCK Lock Washers used on
Switches Manufactured by R-B-M DIVISION,
ESSEX WIRE CORPORATION, Detroit, Michigan

R-B-M Foot
Dimmer Switch

A Full Line of EVERLOCK
LOCK NUTS and LOCK WASHERS

SEND FOR FREE CATALOG TODAY

R-8-M Headlamp Switch

R-B-M Horn Reloy

“EVERLOCK'™ IS THE REGISTERED TRADEMARK OF THOMPSON-BREMER & COMPANY

le] ¢ 5320 N.DEARBORN STREET, CHICAGO 10, ILLINOIS
SUBSIDIARY OF AMERICAN MACHINE AND FOUNDRY COMPANY ¢ NEW YORK, N. Y.

Want more information? Use post cord on last page. October, 1954 — ELECTRONICS




RATINGS of G-E drawn-oval capacitors range from 1 to 10 uf, 600 to 1500

volts d-¢, and 330 to 660 volts a-c.

G-E drawn-oval capacitors

save space and cost less

If you use fixed paper dielectric capacitors, G-E drawn-ovals
offer you an opportunity tc save up to 209, on weight, and as
much as 109, to 209% on cost. The oval-shaped container,
developed by General Electric, offers more capacitance per dollar
than similarly rated rectangular capacitors. And, by conforming
to the natural shape of the winding, it results in a smaller, lighter
unit, too. They’'re available in ratings from 1 to 10 uf, 600 to
1500 volts d-c, or 330 to 660 volts a-c, 60 cycles.

G-E drawn-ovals feature: A double-rolled seam, between case
and cover that makes a mechanically strong, hermetic sezl which
stays leak-proof even under savere operating conditions; a choice
of eyelet, fork-type, or quick-connect (solderless} terminals;
silicone bushings between terminal and cover, that effectively
maintain a high insulation resistance despite long operation and
wide temperature variation.

General Electric drawn-oval capacitors are being used in room
air conditioners, business machines, fluorescent lighting ballasts,
and industrial and military control systems. If you would like
specific application assistance, contact your local General
Electric Apparatus Sales Office. General Electric Company,
Schenectady 5, New York.

Progress Is Ovr Most Important Product

GENERAL @3 ELECTRIC

ELECTRONICS — October, 1954

IN ROOM AIR-CONDITIONERS G-E drawn-oval improves

power factor and reduces running current.

IN ELECTRIC TYPEWRITERS AND BUSINESS MACHINES,
the compact G-E drawn-oval is uvsed with split-phase

capacitor-run motors.

IN FLUORESCENT LAMP BALLASTS, G-E drawn-ovals

(left) improve power factor.

General Electric Co.
Section €442-19
Schenectady 5, New York

Please send me Bulletin GEA.5777.

Name

Position

Company

City Zone State

Want more informetion? Use post card on last page.



<.] RUGGEDIZED INSTRUMENTS —to military specifica-

tions, available in 214",
3%"” and 4" sizes in D-C, movable iron A-C, rectifier type
A-C and thermo instruments. All have sealed, externally oper-
ated zero correctors—shock-resisting, flat plastic windows—and
connection terminals molded into internal rubber.

 ULTRA-SENSITIVE RELAYS —extremely compact and

rugged relays which op-
erate on values as low as ¥4 microampere or % millivolt, direct
from thermocouples, resistance bulbs or other generators of
minute current. Handle substantial wattage at 110 volts on
non-chattering magnetic contacts. Available with single or
double contacts, fixed or adjustable, manual or solenoid reset.

“MOTOR LOAD %'’ METERS —~WESTON ‘“‘per-cent

load” ammeters and watt-
meters make it easy for operators to secure optimum produc- : 7,
tion from lathes, milling machines, automatics, grinders, etc. MOTUR LOAD PERCENT  {3)
Prevent overloading—reduce tool breakage—assure uniform
quality with fewer objects. Other scale calibrations available.

RECORDING POTENTIOMETER —ideal for built-in needs
because of its extreme

compactness plus ruggedness and simplicity. Ranges changed
simply by inserting required range standards. Chart speeds
changed by simple screwdriver adjustment. Plug-in amplifier
removed in a jiffy since no soldered connections are used.

Literature on any of the above instruments sent on request.
WESTON Electrical Instrument Corporation,
614 Frelinghuysen Avenue, Newark 5, New Jersey.

8106

WESTO?}ZJ ; ;

il
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SEALTRON SEALS

quality high, price low.
PLUS COMPLETE SERVICE FACILITIES.

Due to our expanded production facilities and improved manu-
facturing techniques, we have been able to lower the unit cost
of our Hermetic Seals. This in turn is passed on to you in the
form of hermetic seals of the highest quality, but at a lower price.
Strong believers in modernization, we at Sealtron are well aware
of the fact that our progress is your benefit.

Prompt Delivery. No hold up of inquiries and orders at Sealtron.
Our flexible engineering and production facilities are geared to
give you prompt service and delivery at all times.

Design Service. Design and project engineers look to Sealtron for
tailor-made, highly specialized forms of hermetic scals and seal
assemblics. Our fully staffed and experienced engineering depart-
ment will design hermetic seals to fit any product specification.

Seal-Assembly Service. We will solder seals, mount studs, inserts
and brackets into complete packages. We will also stamp or form
brackets and panels. Eliminate your specialized operations. Cut
down overhead and release personnel for other work.

SEALTRON, manvfacturers of the world’s most complete line of
Hermetic Seals . . . over 1600 types.

SEALTRON CORPORATIO

READING ROAD AT AMITY, BOX 72A, CINCINNATI 15,

www._americanradiohistorv.com

OHIO

Want more information? Usc post card on last pagc.
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Cup type, size 3....10 lbs.

Ucinite

n FOUIFLEX

vibration
1solators

Standard Equiflex mountings come in two basic
types...the Square Plate and the Circular Cup. Both
types are available in three different sizes . . . size 1
for light loads or small equipment, size 2 for medium
loads or medium duty equipment, size 3 for heavy
loads or heavy duty equipment.

Equiflex mountings withstand 100 hour salt spray
tests, take 15G shocks without damage and will keep
equipment captive up to 30Gs. Extra-damped mount-
ings are available in which each multiple coil spring
is shrouded with polyethylene or Teflon tubing.

Equiflex vibration isolators can be supplied to
cover load ranges from ¥ to 35 Ibs.

® Greatly prolonged service life. ® Absence of drift or permanent set.
® Wide temperature range. ® Equiflex action or 1:1 ratio of ra-
® Controlled damping. dial and axial spring rates.

® Can be loaded in any direction or ® Integral single unit assembly with
position. safety washersincluded and attached.

R o 1 SR
CINITE CO.

Neivi"onville 60, Mass.
Division of Uhimd-Carr Fastener Corp.

Want more information? Use post card on last page.

N

Square plate type,
4 lb.

Sizel1....% b

Specialists in

ELECTRICAL ASSEMBLIES,

RADIO AND AUTOMOTIVE

October, 1954 — ELECTRONICS



How many ways can you use

PLASTIC 7 NUTS

>

United-Carr’s new self-locking, plastic nut place. Screws can be removed and replaced
is designed for blind application and can be several titmes without damage to the nur.
used with all types of metal finishes without DOT plastc snap-in nuts are ¢lectrically non-
scracching or chipping the surface. Its plastic conductive and provide a high degree of insula-
fingers provide rigid anchorage yet will not mar tion agamst heat transfer. For all practical pur-
paint, polished metals or even porcelain. poses, they also provide an effective vapor seal.

Inexpensive sheet metal screws cut their own Available in several styles and sizes. Write for
threads and expand the nut’s fingers as they arc full informarion and samples or concact your
driven, locking both nut and screw tghtly in nearest United-Carr representative,

UNITED-CARR FASTENER CORP.

CAMBRIDGE 42, MASSACHUSETTS

MAKERS OF FASTENIRS

ELECTRONICS — October, 1954 Want more information? Usec post card on last page. 91
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Over 2200 scientists, engi-

neers, draftsmen, testers and
other technical personnel in
the GPE Companies work in
the fields covered by this chart.

THE

The producing companies of General Precision Equipment
Corporation are engaged in the development, production and
sale of advanced technological products. These products all
have a broad common base: 1) they represent precision equip-
ment in some form; 2) they derive from similar fields of tech-
nical competence; 3) they save labor, increase productivity,
or achieve results which cannot be attained with even limited
use of on-the-spot manpower.

A general view of the technical capacities of the GPE
Producing Companies is given in the chart. But the chart
cannot show the very close interrelation of these capacities
nor the highly flexible application of facilities, techniques
and capabilities which exists among these companies. This
is achieved through GPE’s basic operating policy—Coordi-
nated Precision Technology.

GPE Coordinated Precision Technology operates in all
areas—in research, development and manufacture. The record
of the GPE Producing Companies in solving advanced tech-
nological problems and meeting the demand for high speed,
precision, reliability, light weight and compactness at com-
petitive prices is the result of this coordination, the constant
application of the newest and most highly advanced tech-
niques, and unremitting insistence on highest quality.

Perhaps the most conspicuous advantage of GPE Coordi-
nated Precision Technology is that the concept and develop-
ment of equipment and systems, and of solutions to the
underlying technical problems, are not restricted by being
confined to the specialized techniques of a particular field.
In short, GPE Coordinated Precision Technology permits
each company to seek the optimum solution for the customer
by the application of all relevant techniques within the total
capacities of the entire group. Address inquiries to:

GENERAL PRECISION EQUIPMENT CORPORATION

92 GOLD STREET, NEW YORK 38, NEW YORK

PRODUCING COMPANIES

INTERNATIONAL PROJECTOR 3. E. McAULEY MFG. €O. GENERAL PRECISION LABORATORY
INCORPORATED ~PLEASANTVILLE, N.Y.

CORPORATION —BLOOMEFIELD, N. J. CHICAGO

SERVES INDUSTRY

THROUGH 07 dl}lﬂlgd

GPE PRAO%J;I;NES OFAT E

PRECISION MECHANICS
and CERAMICS

ELECTRICAL
EQUIPM
and componeﬂg

ELECTRONICS

HYDRAULY
and LIQuips HANDLI:(S;

PROFESSIONAL and IN
DUSTR
TELEVISION EQUIPMEI:'II’-

INSTRUMENTATION

SERVOS and CONTROLS

AUTOMATIC COMPUTERS
and COMPONENTS

ULTRASONICS

RADAR and MICROWAVE

MOTION PICTURE
and SOUND EQUIPMENT

OPTICAL DEVICES

earjott

THE HERTNER ELECTRIC KEARFOTY COMPANY, INC.
COMPANY-CLEVELAND LITTLE FALLS, N.J.



One of a series telling
how the producing companies of
General Precision Equipment Corporation
are contributing to America’s progress.

precision technology
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G.E.'s

CUSTOI
143 PO

9 Smallest unit size yet developed!

9 Most reliable performance of any rectifier
within this category!

9 Hermetically sealed for lifetime use!

S i

The following germanium rectifier stacks, each occupy-
ing a volume of only 1.62” x 2.5” x 6.00", are typical of
the 143 standard stacks in G. E.’s new rectifier line.

CIRCUIT D.C. OUTPUT (55°C Resistive Load)
HafWave . . . . s ¢« « o « 2amps @ 280 volts or 3 amps @ 190 volts
Full Wave Center Tap + o « - . 2amps @ 280 volts or 3 amps @ 190 volis
Full Wave Bridge. . « « +» o« « 1 amp @ 565 volts or 3 amps @ 210 volts
Three Phase Half Wave. . . . 1.12 amps @ 420 volis or 4.5 amps @ 140 volts
Three Phase Bridge . . . . . 1.3amps @ 575 volts or 2.6 amps @ 280 volts
Three Phase Star. . . . . . 1.8amps @ 280 volts or 3.6 amps @ 140 volts

A e e oy e
i~ i
<=

94 Want more information? Use post card on last page. October, 1954 — ELECTRONICS

www_americanradiohistorv.com



Plus IMMEDIATE DELIVERY

General Electric leads the industry again! Announcement of this revo-
lutionary G-E Stacked Germanium Rectifier opens up new avenues of
power progress that were heretofore thought impossible to travel. Now,
the amazing total of 143 power combinations has been provided with this
one product! Your specifications requiring series or parallel stacks in
single or polyphase circuits are custom-completed at G-E’s factory.

This unit is smaller, weighs less, is more reliable, lasts longer, has
better power ratings than any other dry rectifier made any place by any
other company. AND, G.E. offers you immediate delivery.

Designed and built to deliver new power performance,the G-E Stacked
Rectifier is 75% less by volume and weight than any other comparable
dry type rectifier. And, rectifier losses are reduced to one-third or less of
those encountered with any other type of rectifier. You can count on ex-
treme reliability . . . tested for compliance to 10,000-hour standards. Note
also that there are no forming or aging effects.

«~~ GENERAL @3 EL

ELECTRONICS — October, 1954 Want mere information? Use post card on last page.
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WRITE US TODAY! GET
ALL THE FACTS ON THIS
IMPORTANT NEW PRODUCT!

General Electric Company, Section X4104,
Electronics Park, Syracuse, New York

ECTRIC
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Now...the answer to high-resolution recording of test data

96

- { BROWN Erzcrromk

FASORED:MV. = SUM OF IND

MILLWOLTS (DG
ik

... the Extended Range SlectrnaniK Recorder

Closeup of indicating scale. Upper pointer shows
millivolts withinthe span ;lowerpointerindicates
millivolts to be added. Tota! reading: 4.58 mv.

Desionen especially for recording variables
which change over a wide range, this new Elec-
troniK instrument records on a chart effectively
55 inches in width. It has five equal measuring
spans. Whenever the variable being measured
reaches either the upper or lower limit of one of
these ranges, the instrument automatically steps
to the adjoining range and continues recording.

Two indicating pointers show the range in use
and the value within the range. Connected to
each pointer is a pen; one draws a purple record
showing the range, the other draws a red record
of the variable itself. To get the complete read-
ing, you simply add both pen or pointer indica-
tions.

The complete range is 10.2 millivolts, in five

2-millivolt steps with an extra 0.2 millivolts on
the high end of each span to provide an overlap
that facilitates measurements near the change-
over point. Pen speed of 415 seconds full scale
affords rapid response to quickly changing vari-
ables.

You’ll find this new instrument particularly valu-
able in strain gage measurements and in dozens
of other uses where high resolution aids interpre-
tation of data. Your nearby Honeywell sales engi-
neer will be glad to discuss your specific applica-
tion . . . and he’s as near as your phone.

MINNEAPOLIS-HONEYWELL REGULATOR Co.,
Industrial Division, Wayne and Windrim
Avenues, Philadelphia 44, Pa.

@ REFERENCE DATA: Write for Data Sheet No. 10.0-18, “‘Extended Range Recorder.”

Honeywell

T Fout e Coatrds-

Want more information? Use post card on last page.
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PROVEN: KARP ENCLOSURES
ARE YOUR MOST ECONOMICAL BUY

Karp customers, large and small, from coast to coast,
know that Karp’s complete “package”—
ready for components—means lower costs.

Over 300 different jobs go through our plant
every day. This volume allows us to apply
mass production techniques to every job—
whether simple or complex, long run or short
—and we pass the savings on to you.

We have over 3000 stock tools and dies and
can usually eliminate your new tooling costs
entirely. Our press and brake equipment is
fast, modern, adapted for quick set-ups. We
employ the latest spot, gas, arc and heliarc
welding techniques. Our unmatched finishing
and sub-assembly facilities give you a com-

plete “package” ready for your components—
eliminating the many hidden costs of extra
handling. That's why you, no matter what
your needs, can enjoy the luxury of Karps
quality and service.

We will prove to you that your sheet metal
requirements in aluminum or steel can be
individualized and yet be low in cost. We
will prove to you that our complete “pack-
age” service will lower your costs. Send us
samples, sketch or prints and a prompt que-
tation will follow.

KARP METAL PRODUCTS CO.

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

encloswes weflect the sfills wilhin

FACILITIES FOR ENGINEERED SHEET METAL FABRICATIONS: in aluminum
or steel * long run or short - spot, arc, gas or heliarc welding * any type finish

® Modern plant—3 city blocks long @ U. S. Air Force Certified Welding Facilities

@ Air-conditioned spray room...complete
baking facilities

® Thousands of dies available

MOST COMPLETE
FACILITIES FOR

TALFABRICATION

® Most modern of sheet metal

fabricating equipment ® Complete sub-assembly facilities

ENGINEERED SHEE

Want more information? Use post card on last page. 97
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Do what other electronic and electrical manufacturers
have done for years: Turn your fine-wire problems and
requirements over to Hudson Wire. You will be served promptly,
satisfactorily, economically, by craftsmen backed by over
50 years of fine-wire specialization.

BARE WIRES
TEXTILE-COVERED WIRES

Nylon Cotton

Celanese Rayon

Silk Fiberglas
Available on bare or enameled
wire, single- or double-coated

SPECIALTY WIRES INSULATED WIRES
MATERIALS TYPES COVERINGS

Copper Instrument Plain and Heavy
Aluminum Tubing Enamel
Iron Litz Formvar
Copper-clad  Multiple and EZsol (liquid
Steel Twisted Nylon)
Cement-coated
Enamel
Dow-Corning
1360 Silicone

FOR BARE & SPECIALTY WIRES
Hudson Wire Company
Ossining, N. Y, FOR INSULATED WIRES

Winsted Division Cassopolis Division
Hudson Wire Company Hudson Wire Company
Winsted, Conn. Cassopolis, Mich.

Research and development facilities to
solve your problems. Exceptionally flexible
production to provide “custom’’ service,
Lowest cost with highest quality.

T BOSTO—
. AL -
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rejects faulty fuses.

fuse needs.

YOUR FUSE NEEDS!...

Constant research and engineering over the past
39 years have resulted in a most complete line of BUSS
fuses: dual-element (slow blowing), renewable and

one time types . . . in any size from 1/500 amperes up —
plus a companion line of fuse clips, blocks and holders.

To make sure that BUSS fuses meet the highest
standards of dependability . . . every BUSS fuse
normally used by the Electronic Industries is tested in

a sensitive electronic device that automatically

Many manufacturers and service organizations
have standardized on BUSS fuses to simplify their
buying, stock handling and records — and to
safeguard their good-will and reputation. You too,
will find it good business to let BUSS meet all your

Let BUSS save you engineering time

If you should have a special problem in electrical
protection, BUSS places at your service the
world’s largest fuse research laboratory and its staff
of experienced engineers to help you determine
the right fuse for the job and if possible, one
available in local wholesalers’ stocks.

Makers of a complete line of fuses for home, farm, commercial, electronic and industrial use.

{’2

S
3 S
\ N

TRUSTWORTHY NAMES IN
ELECTRICAL PROTECTION

\EUSS

FOR MORE INFORMATION T
MAIL THIS COUPON S
[ |

BUSSMANN Mfg. Co. (Div. McGraw Electric Co.)
University at Jefferson, St. Louis 7, Mo.

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

Address... ...

0
O
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CTC Components shown include: A. capacitor; B. standard and in-
sulated terminals; C. coil form kit; D. RF choke kit; E. coil forms

and coils; F. coil kit; G. RF chokes; H. diode clips; I. panel hardware;
J. standard and custom terminal boards; K. ceramic board.

One big family with a single thought

Whether you need terminals, clips,
coils, chokes, capacitors — or any of a
number of electronic components —
you can be sure they’re right if they’re
made by CTC.

One continuing basic idea governs
the manufacture of every CTC prod-
uct. And that idea is: quality control.
We could not guarantee our products
as we do without a constant check of
numerous details that determine reli-
able performance. Our quality control
engineers see to it that these manufac-
turing standards are consistently main-
tained — right through to periodic mi-
croscopic inspection.

Pictured here are a number of com-
ponents available at CTC including our
three kits. These items come in stand-
ard forms and are also custom engi-
neered to meet your particular require-

100

ments. We would be glad to give you
complete details, including specifica-
tions and prices, on any or all CTC
units — as well as information on how
CTC components can be specially de-
signed to solve your individual elec-
tronic components problems.

You will find it well worthwhile to

CAMBRIDGE THERMIONIC CORPORATION

makers of guaranteed electronic components,
custom or standard

Want more information? Use post card on last page.

use components that are guaranteed.
Write to Cambridge Thermionic Cor-
poration, 437 Concord Avenue, Cam-
bridge 38, Mass. West Coast manufac-
turers contact: E. V. Roberts, 5068
West Washington Blvd., Los Angeles
16 and 988 Market Street, San Fran-
cisco, California.
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“Easy to Wrap~says Jones & Laughlin

—

IRVINGTON heat-resistant
TEMELEXX® 105 Tape

COILS FOR 6600-VOLT STATORS are easily and thoroughly insu-

lated at the coil repair shops of Jones & Laughlin Steel Corporation

by wrapping with strong, flexible Temflex 105 Tape. With its excel-

lent elongation, this tape can be readily hand wrapped over coil bends

and other irregular surfaces — and high modulus of elasticity makes
it equally adaptable for use in taping heads to produce close, care-
fully lapped wraps.

USING THE SAME BASIC FORMULATION AS TEMFLEX 105 lfOR|v! 'NGL'dor
TUBING — which is approved by Underwriters’ Laboratories for con- L e i <
tinuous operation at 105° C. ip air and 90° C. in oil — Irvingion
Temflex 105 Tape withstands ppelonged baking cycles and continuous SNETASHES enRER
high-temperature service. VARNISHED GLASS CLOTH

USE TEMFLEX 105 TAPE for insulating coils, cable, bus bars — and INSULATING TUBING
for corresion protection of piping and other equipment located under- CLASS “H" INSULZTION
ground or in corrosive atmospheres.

WRITE FOR TECHNICAL DATA SHEET

Look to

INSULATING VARNISH
VARNISHED CAMBRIC

*T.M. Reg. U.S, Pat. Off,

IRVINGTON RsViavor
DIVISION OF MINNESOTA MINING & MANUFACTURING GOMPANY

11 ARGYLE TERRACE, IRVINGTON 11,N.J. » PLANTS: IRVINGTON, N. J.; MONROVIA, CALIF.; HAMILTON, ONTARIO, CANADA
ELECTRONICS — October, 1954 Want more information? Use post card on last page. 101
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today and tomorrow

The assurance that copper is in abundant supply and can be used without

restrictions is the “go ahead” for industry. You can now rate PERFORMANCE
SHORTY

over AVAILABILITY when choosing materials. By using copper and its alloys, TONS

brass and bronze, your product is easier to fabricate, better and more durable.

We can get more copper than we now have. Although industry and gov-
ernment have been consuming more copper than in any previous @ By
peacetime period, production has kept pace with this increased :
demand. And producers are not working at full capacity!

More copper keeps on coming. Eleven major new projects in the U. S. will start ,
producing in the next 3 years. These mines will add 250,000 tons to &
our annual production—more than & of «ll the domestic copper
mined during 1953. In addition, recent improvements in mining
techniques now make it possible to obtain copper from ores con- 1,400,000

sidered commercially unworkable in the past.

Copper is virtually indestructible. At least 3 out of every 4 pounds of cop- TEmEmmE®
per used in today’s products, when scrapped, can be re-used in the
future. Every day we are adding to our “copper capital”. The more

copper we use . . . the more we have!

Copper or its alloys provide these advantages . ..

& YU =L

Best conductor of electricity Does not rust . . . high Best heat transfer agent Easy to machine, form, draw, Welds readily . . . excellent
commercially available. corrosion resistance. of all commercial metals. stamp, poiish, plate, etc. for soldering and brazing.

s

be b e

v vy
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Source—American Bureau of Metal Staristics Year Book 1953 / Z =
/ 5

Copper has a new ability to serve you. Many of your prob- SR “Copper . . . is fortunately available in
lems are being solved in the laboratories of the copper and brass ample supply to meet any foreseeable

. e - ., demand”
industry. Whether it’s a new alloy, a different temper or a special ol W S —
property . . . copper can help you develop new ideas. Copper EEESSRa (Ehpuc: [ty SEETMs
can bring old methods up to date. Call a supplier of copper and For information about U. S. copper sup-
3 ] e plies including free copies of this Gov-
brass and convert your thoughts to action! e Eol Nl 0 st Booity
“Copper . .. Today and Tomorrow”, send

attached coupon to:

Copper & BrassResearch Assn.,Dpt. W

b - - & e 120 Lexington Ave., New York 17, N. Y.
. sl B L
) | ! . | - ?:E . 3 INAME . . s . . lew ol i) peinseiiens i sorlliie
COMPANY —mypn B dbeim B SERETTS YeaE Al Al 1 et
R iati
CITY doaman. .. s ctigoinsg .. ey - 'STATE 5o+ vme v
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Automatic voltage stabilization
for sensitive control components

You can eliminate the variable of erratic line volrage on
voltage-sensitive elements of automatic control equipment.
Do it simply and economically with the Sola Constant Volrage
Transformer.

The Sola stabilizer is a static-magnetic regulator which
differs from regulators depending solely upon saturation of
core materials; or electronic types employing tubes. Their
characteristics, listed below, make them ideal for controlling
input voltage to voltage-sensitive electronic and electrical
control components.

1. Regulation within =#19%, with primary voltage
(transient or continuous) variations as great as 30%.

Response time less than 115 cycles.

3. No moving or wearing mechanical parts, nor vacuum
tubes; requires no manual adjustments.

SOLA Siconmens

4. Completely automatic, continuous regulation.
Self-protecting against shore-circuits on output.

6. Current-limiting characteristic protects load equip-
ment.

7. Isolates the input and output circuits.

Forty-three Sola stock units are available in a wide
variety of rarings, voltages and types. In addition, custom-
designed units can be manufactured (in production quan-
tities) to meet specific requirements.

The experience of the world’s largest manufacturer of
constant voltage transformers is available to you. We invite
you to discuss your voltage stabilizing problems with a Sola
Sales Engineer.

WRITE FOR LITERATURE. Sola Constant
Voltage Transformers are completely describ-
ed in a 24 page manual. Write for a copy of
7J-CV-200 on your letterhead, please.

CONSTANT VOLTAGE TRANSFORMERS for Regulation of Electronic ond Electricat Equipm-‘e:‘:ﬂ o LIGHTING TRANSFORMERS for All Types of Fluorescent and

" Mercury Vapor Lamps. L
Newion 58, Massachusetts ®  NEW YORK 35: 103 East 125th Street @

SOLA ELECTRIC CO., 4633 West 16th Street, Chicage 30, Illinois, Bishop 2-1414 .
LOS ANGELES 26: 2025 Sunset Boulevard &  PHILADELPHIA: Commercial Trust

BOSTON: 272 Centre Street, .

Building ~ @ CLEVELAND 15;: 1836 Euclid Avenue - ®  KANSAS CITY 2, MISSOURI: 4035 :West 34th Street @ Represenfatives in Other Principal Cities

104 Want more information? Use post card on last page.
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A MESSAGE TO AMERICAN

INDUSTRY « ONE OF A SERIES

RESULTS OF AN INTELLECTUAL REVOLUTION . . .

“The Western Miracle” Continues. ..
More Automatic Controls for Industry

Wiihin recent weeks three new monthly tech-
nical magazines devoted to automatic control
systems for industrial processes and machinery
have offered the public their first issues. One of
these is CONTROL ENGINEERING, a McGraw-
Hill publication.

What has caused this surge of interest in the
design and application of automatic control sys-
tems? What does it portend for the future of
American industry? More important, what does
it promise for the American standard of liv-
ing, of which industry is and must be the
servant? And what is the role of CONTROL
ENGINEERING in this development? It is to
those questions that this statement is addressed.

A New Intellectual Revolution

It is frequently asserted that we are now in
the throes of a new industrial revolution. The
revolution is described as the eliminating of
wasteful applications of human labor to repeti-
tive tasks through new technology which makes
it possible to transfer those tasks to automati-
cally controlled machinery.

It is perhaps more accurate, however, to say
that we are the beneficiaries of a new intellectual
revolution in the application of science to indus-
try. This new intellectual revolution points the
way toward giant strides in the continuing proc-

ess of taking dull and laborious work off the
backs and minds of men and transferring it to
machines operating in large batteries under
automatic control.

The practical engineering work required to
convert this intellectual revolution into a full-
scale industrial revolution, however, in large
part still remains to be done. It is to this task
that CONTROL ENGINEERING will be de-
voted. Its role is that of bridging the gap, in
engineering and economic terms, between the
new conceptions of automatic control of indus-
trial processes and their practical workaday
application. These conceptions run the full
gamut from systems of control for automatic
factories making heavy industrial products to
highly personalized systemns of automatic con-
trol to warn people when they are approaching
the broiling point in sunning themselves at the
beach or becoming too drowsy to drive their
cars safely.

Enter the ‘‘Feed-Back’ System

Enough work has been done to move these
conceptions out of the realm of interesting
dreams and into the realm of practical possibili-
ties, and in some cases into the realm of practi-
cal realities. Crucial parts of this work were
done during World War II when weapons were
successfully equipped with “feed-back™ systems




that automatically corrected mistakes made by
the weapons in locating their targets.

The principle of the “feed-back” system is as
ancient as the personal monitor that tells us not
to run into each other as we walk along the
street. It feeds back to our locomotion machin-
ery the warning of a collision ahead. But the
application of the principle to weapon control
and then to more general machinery control
required superlatively imaginative and skillful
scientific development.

When a “feed-back” system that monitors an
automatic process and keeps it lined up pre-
cisely is teamed up with a computing machine,
capable of making lightning calculations that
control both what goes into the process and
what is done with the product, the horizons of
automatic control become broad indeed. But in
large part they still remain horizons. A vast
range of practical engineering work remains to
be done to realize anything like the full potential
of automatic control of industrial processes and
machinery.

More and Better Jobs

There are those who view the surge of interest
in automatic control with alarm. They conjure
up a situation in which automatic processes will
at once expand the ranks of the unemployed
and reduce many of those still working in indus-
try to the status of robots or automatons.

A look at the record of the American economy
— a record of amazing growth, steadily improv-
ing job opportunities and a constantly rising
standard of living — demolishes the basis for
such fears. The introduction of new and more
efficient industrial machinery and processes ob-
viously cannot he accomplished without creating
some disturbance for some individuals and
some companies. But consistently the longer
range effect of such local and temporary dis-
turbance has been more jobs and better jobs for
Americans.

It is no accident that, while the proportion of
industrial wage earners in our population is
virtually the same as it was in 1920, the pro-

portion of professional and salaried workers has
doubled. The proportion of unskilled workers,
furthermore, has dropped by half. This has been
an essential part of a continuing process by
which drudgery has heen transferred to ma-
chines while the workers who formerly did the
drudgery have been graduated to jobs calling
for greater competence and providing better pay.

Higher Living Standard

A British historian, H. J. Hancock, has re-
ferred to this general process as “the Western
miracle” —that of providing an ever higher
and higher standard of living for more and
more Americans. The key element in this miracle
has been more and more reliance on power-
driven machines to get the dav’s work done.

In the nature of the extremely complicated
apparatus involved, full development of sys-
tems which have passed through the “think
stage” into the status of practical possibilities
will be a time-consuming process. It will also be
a very exacting process, calling for a tremen-
dous application of engineering skill and in-
genuity. However, the engineers who are con-
centrating on this diflicult, workaday phase of
the development of apparatus for automatic
control will be inspired by the knowledge that
they are making a crucial contribution to tech-
nical progress which holds great promise of
good for the American people.

This message is one of a series prepared by the
McGraw-Hill Department of Economics to help
increase public knowledge and understanding
of important nationwide developments that are
of particular concern to the business and pro-
fessional community served by our industrial
and technical publications.

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

Rowatd Ol n .
PRESIDENT
McGRAW-HILL PUBLISHING COMPANY, INC.




Tube life in time-proved GATES 5/10kw
AM transmitters “exceeds estimates”

. ~ Ccullougho h,‘c‘
Lt Nmes Californi

Gentlemen:

ew Y€ 00 eerin de artrrﬁﬂt was reque bted to
ur eng*’m ring P A / :
A b Y ars ag '
Y
ube COSt both m\hall-
pectancy.

i in our OWL

ustive te §?;s ‘

le imve stigation aqueac;fB St ethed upcz:ncess-
After con:«s'u:lerabtfaon ation vz x—.euem dedided oz =

2 e ;
de‘?op:a:n: i 'h e e for several years
pec-ior o et
e tests cov -

imul-:r;;s to obtain records

24-hour 2 oculators, the o
S O amplil Class B MO and expectati
freque 7 i

11
mt Only mee
jastances far €

: j saveld
-oduct that has i“;deeivfe es

N expense and agd eng::nee?ig
we co:;gf:‘ry tion of your
-he indus "

jation

sur apprecid
department.

fours VE€TY truly,

GATES RADIO OMPAIY

- & o
p. S. Gates —

president

Eimac 3X2500F3’s featured in
- _ | Gates models B€-5B and BC-10B
EIMALC 3X2500F3's

the world over.
IN GATES 5/10KW AM TRANSMITTERS
GATE

TRANSI\‘I§[TER AODULATOR PA
BC-5B 2 Eimac Eimac >
3X2500F3's 3X2500F3
BC-1JB 2 Eimac 2 Eimac
3X2500F3’s 3X2500F3's

EITEL-McCULLOUGH, INC. san BEruUND. CALIFORNIA

ELECTRONICS — October, 1954

Want more information? Use post card on last page.

105

www._americanradiohistorv com



Shil-ticl

Relay Requirements Fulfilled More Easily
By Greater Diversity of Phil-trol Relays

NEW FEATURES PROVIDE MORE NEARLY
PERFECT RELAYS FOR THE MORE
EXACTING REQUIREMENTS

One of the more recently developed relay manu-
facturing techniques is the method of utilizing
aluminum time delay blocks in multi-contact
time delay relays. These provide time delay
features in a multi-contact relay, at the same
time keep the unit weight as light as possible.

COMPLETE FLEXIBILITY OF ALL COMPONENTS

New methods developed at Phillips mean that
relays for special or for complex control prob-
lems, which formerly have required complete
engineering from “‘scratch’; in many cases now
can be produced much faster and at little or no
increase in price over standard models.

Coils in & wide assortment of winding types
and characteristics at Phillips are now almost
completely interchangeable during relay assem-
bly. Relay functions calling for varying mar-
ginal and timing values are easily fulfilled, as
are requirements of operating values, timing
sequence and release constants,

WIDE CHOICE OF SPRING
AND CONTACT COMBINATIONS

The *‘custom” addition or omission of springs
is accomplished just as easily. And variations
of contact forms and of special contacts them-
selves are standard practice at Phillips.

POWER RELAY SERIES COMPLETE

Requirements of aircraft and mobile equipment
for relays to withstand scvere shock and vibra-
tion have caused important advancements in the
design and construction of Phil-trol relays.
There are many types of Phil-trol power relays
which exemplify the benefit of Phillip’s extensive
experience in this field.

The type 27QA as illustrated is unexcelled in
this ficld. The type 27QA has been universally
accepted by leading aircraft designers as the
ideal relay to withstand vibration and shock. It
is utilized by almost all leading commercial
aircraft in use today.

A comprehensive Phil-trol engineering service
is maintained chiefly to consider and recom-
mend, without obligation whatsoever, whether
or not there is a ‘“standard” Phil-trol relay
which will precisely fulfill rigid specifications
with substantial savings in cost.

New Phillips Home Plant

PROGRESS is synonymous with Phillips. The
compuny, beginning operations in 1946, is the
leader in its field, with millions of dollars worth
of Phil-trol Relays functioning in hundreds of
different applications. More and more Design
Engineers rely on Phillips for their reluy and
actuator needs, because they know that Phillips
quality of product is maintained by unparal-
leled excellence of all Phil-trol components.
They have learned, too, that the Phil-trol line
provides a broader selection of reluy types, and
greater flexibility within each type—permitting
wider latitude in product design. Phillips
management, ever mindful of the company’s

Phil-trol Type 27QA Relay

responsibility v leading relay supplier, has
continued to develop more, improved and
strategically located manufucturing facilities.

In July of this year Phillips moved into its
new, modern, daylight-type home plant and
oflices (shown above) in Joliet, lllinois. In
August, a4 new plant at Santa Monica, Cali-
forniu, began operating. The modern, fully air-
conditioned and air-cleaned plant at Santurce,
Puerto Rico, producing high-quality aircraft
Relays for more than two years, is being
further expanded. Phillips future plans include
additional expuansions as customer nceds in-
dicate.

——— 1 5 ——————

6:32 1aPPID
MOUNTING MOLE §

This type 27 relay is available in 1, 2, 3, 4, or 5 pole models, with
single or double throw. Operating voltage up to 230 D.C., resistance
up to 13,400 ohms. Minimum operating current is .00l amps.
Available in dust cover, or hermetically scaled (as shown at right).

Want more information? Usc post card on last page.
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for Relay

Twin Contacts Give Phil-trol Type 8
Relays Exceptional Reliability

Demands for reliable and fast-acting relays
for applications where more rapid opening
and closing of contact is required, resulted
in the design of the Phil-trol Type 8 Relay.

This series of relays features high sensi-
tivity with immediate response, excellent
adaptability for marginal operation, with
fast, positive and reliable closing and open-
ing. Then, to assure that these character-
istics will maintain, the Type 8 Relays are
given Y” springs, providing them with
twin contacts which are operative in every

Help Solve Your
Relay Problems

Plants at Joliet, Illi
‘Santa Monica,

~ and Santurce, P

ELECTRONICS — October, 1954

END VIEW

Let Phil-trol Progress

SIDE VIEW

circuit function. Long-life bronze bearings
assure the maximum precision of operation.

These units physically are compact and
light in weight. Their coils may be single or
double wound and, if desired, equipped for
slow release or for slow operation. They
operate up to 230 volts D.C. Come in 3
different forms with maximum pite-up of 10
springs. Their dimensions are 134" wide x
274" long. For heavy-duty service and long
life these relays are unexcelled.

s e r s '

Phil-trol Sales-Engineering Offices
COAST-TO-COAST

59 W. Washington St., Joliet, I11.
Tel. Joliet 3-3431

833 Ellicott Square Bldg., Buffalo 3, N.Y.
Tel. Madison 3306.

2044 Graybar Bldg., 420 Lexington Ave.,
N.Y. 17, N.Y. Tel. Murray Hill 5-9103.

Western Savings Fund Bldg., Broad and
Chestnut, Philadelphia, Pa.
Tel. Kingsley 6-2480.

311-315 Georgia Savings Bank Bldg.,
84 Pcachtree St., N.W., Atlanta 3, Ga.
Tel. Cyprus 7381.

12812 Puritan Ave., Detroit 27, Mich.
Tel. University 1-7311.

12417 Cedar Road, Cleveland 6, Ohio.
Tel. Erie View 1-0054.

5410 Wilshire Blvd., Los Angeles 36, Calif,
Tel. Webster 3-6405.

2910 Nebraska Ave., Santa Monica, Calif,
Tel. Van Nuys, State 9-4887.

216 First Ave., N., Seattle 9, Wash.
Tel. Eliot 69381.

180 University Ave., Palo Alto, Calif.
Tel. Davenport 3-3288.

3014 So. Cherry Way, Denver 20, Colo.

Tel. Skyline 6-2555.

'Most All Phil-trol Relays Are Now Available Hermetically Sealed

Advancements in hermetic sealing pioneered
at Phillips produce an utterly complete pro-
tection of proper relay function. Techniques
known only at Phillips are acknowledged
to deliver hermetically sealed relays su-
perior to any other similar products in
the field.

In general, Phil-trol Relays are mounted
on the proper base assemblies, with
INFRARED soldering used to affix the
glass header. Hydraulic crimping then
closes ali seams of metal housings to com-
pletely enclose the relays, and seams are
permanently soldered. Then each enclosure
is exhausted to a few microns of pressure,

PHILLIPS CONTROL CORP., Dept. E.
Gentlemen: Pleasc send me your General Catalog l:|

removing all trace of moisture or of gas. It
nextis thoroughly flushed with chemically dry
nitrogen. Again exhausted. Then once more
pumped full of dry nitrogen to at least one
atmosphere of pressure. The evacuating tube
1s now pinched off and solder-sealed. A
coat of finishing paint over primer still
further protects and ‘‘dresses” each unit.
Phil-trol Relays protected by Phillips unique
hermetic sealing are available for virtually
every circuit purpose and requirement. The
20445 Phil-trol Sealed Relay shown here
accommodates the type 27QA Relay. It has
studs and individual terminals. Terminals
are rated at 25 amperes.

Joliet, lil.

I am personally interested in Phil-trol Type 27 Relays []

Phil-trol Type 8QA Relays []
Name . .
Company e

Street = mmm

City_ -

Phil-trol Hermetically Sealed"Relays []

Want more information? Use post card on last page
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660

TIMER COMBINATIONS

Timers that Control

.80 far!

PERHAPS YOUR TIMER WILL BE THE 661st

How do you know we can supply you with the timer
that will do your job best? Because we have 19 years
of experience in developing new timers to meet our
customers widely varied requirements. If one of our
standard timers won't do it-or one of the 660 combi-
nations we have thus far developed from our 17 basic
units—our engineers will develop the 661st combina-
tion, for your specific needs.

ME:
!!RP RATIO

the Pulse Beat of Industry

131

IXDUSTMIAL TINER LORPIEPTION
aemass N .

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

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

And since we maintain large stocks of our 17 basic
units, we can assure you of rapid deliveries-and of
good deliveries even on special orders. Automation?
.just put your problem up
to one of our timer specialists. Your inquiries will re-

We're in it up to our ears..

ceive prompt attention.

INDUSTRIAL TIMER CORPORATION

OGDEN STREET,

NEWARK 4, N. J.

Want more information? Use post card on last page.
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New design passibilities opened by outstanding
dielectric strength of Du Pont MYLAR

A new product of Du Pont research—“Mylar” polyester film—
offers you a balance of physical, electrical, chemical and thermal
properties never before avzilable in a plastic material.

Shown above is the testing of the unusual dielectric strength of
this remarkable new film. “Mylar” resists electrical puncture at
4000 volts per mil.

Versatile “Mylar” opens new possibilities in the design of elec-
trical equipment. It is already being used to advantage as slot,
phase and wedge insulation in motors; layer insulation in capaci-
tors; conductor insulation in transtormers; under-lead insulation
for coils; and as a barrier tape for wire and cable. Why not see
how “Mylar” can help you improve or develop a product?

DU PONT MYLAR’

SEND FOR FREE BOCKLET:

To help you evaluate the advan-
tages of “Mylar” for your prod-
uct, this free booklet gives you
the property specifications of
“Mylar”. . . shows how this new
film can be used to improve elec-
trical products. Write E. I. du

REG. U.S. PAT. OFF.

Pont de Nemours & Co. (Inc.),

Film Department, Room 4-EM, -
Wilmington 98, Delaware.

e

Film Department 4L
E. I. du Pont de Nemours & Co. (Inc.)
Wilmington 98, Delaware

Please send me more information about DuPont
(‘Mylar.,)

Polyester Fiim Name.

Title

Firm

Street & No

REG. U, 5. PAT.OF
City. State
BETTER THINGS FOR BETTER LIVING . .. THROUGH CHEMISTRY
Want more information? Use post card on last page. 109
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MB cycling system runs
vibration tests automatically

Versatile electronic “‘brain’’ for MB Vibration Exciters

saves manpower and manhours — performs a variety
of cycled shake-tests vnattended!

A vibration test that involves a continuous eycle of changes from
10 to 500 cps along with constant displacement or constant ac-
celeration can now be done with great simplicity, accuracy and
minimum supervision. Simply set up the specimen on an MB
Shaker — set the controls for the desired actions —and let the
cycling system take over.

This electronic unit varies shaker frequency at any sweep
speed, and between any two preset frequency limits. It controls
the exciter’s amplitude or acceleration within =109 for a dead
mass or resonant type of loading and for cycled tests to satisfy
MIL-E-5272 and other specifications.

For maximum flexibility of operation, this cycling system also
provides for automatic transfer of constant amplitude to constant
“g” at any preselected frequency setting.

The system can be operated manually when desired. It’s also
protected against control failure or conditions of extreme load
resonances through use of an automatic structural strain control.

SHAKE TESTING PAYS

Vibration testing tells how well a product will bear up in service, re-
veals design faults, determines fatigue strength.

Designed for heavy duty service, MB vibration exciters such as the
Model C-5, rated at 750 pounds force, and the Model C-25 rated at 3500
pounds force, deliver maximum performance, pure table motion and
dependable operation.

Send for detailed specifications on MB cycling systems. Also for
Bulletin which gives data on vibration exciters.

.

MB MODEL T-25 MC CONTROL CABINET
with automatic eyeling system
developed to control the action of
vibration exciters fo a specified
cycle of events, and with little or
no supervision.

{ A VIBRATION TEST set up on the Model
C-5 MB ‘Vibration Exciter—and also
one on Model C-25—two of the
models which can be automatically
controlled by MB’s cycling systems.

BULLETIN TELLS MORE

Contains specifications, oper-
ating information and help-
ful hints on usages of the
complete line of MB Exci-
ters. Write for Bulletin
1-VE-5.

THE MANUFACTURING COMPANY, INC.
1060 STATE STREET, NEW HAVEN 11, CONN.

PRODUCTS AND EQUIPMENT TO CONTROL VIBRATION ® TO MEASUREIT e TO GENERATE IT

110 Want more information? Use post card on last page. October, 1954 — ELECTRONICS
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Capacitars are held between
die-cut cdrdooard 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
the physical uniformity of the capacitor.

ERIE is constantly searching for new ways to
assist manufacturers in reducing production costs. e - ===
Pallet-Pak is a development by ERIE Industrial En- i ' -
gineers with this purpose in mind. e

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 ERIFE Disc Ceramicon
production.

® Known number in strip
makes inventory control
; ' . easier.
Strips are placed in carrier

® Count empty strips—
insert which Sts in pallet.

multiply by number for
usage control.

® Markings all face one
direction for easy
identification.

® Drawer type disposable
pallet for storage and
shipping.

| Strps, carrier, aad paollet form
on= ‘complete shipping unit.

e r ) . = ® Straight leac wires—no tangling—units easil
M 2 2meiny tls, ik Gl g gling Y

remcved by pulling from strip.

can be shipped in this nJl- $1Unitctstiledd Tengih.

& w 'f tiple drawer:type carton.

® Carrier insert acts as tote-tray for easy han-
dling.

® [ndex holes in strip 12" center to center for
use in lead forming and cutting equipment.

® index holes are above carrier sides—rods
can bz inserted through holes and entire lot
lifted easily in one operation.

® Assurance of uniform quality, resulting from

~ e é continuous production flow.

ERIE RESISTOR CORPORATION . . . ELECTRONICS DIVISION

Main Offices and Factories: ERIE, PA.
Sales Offices: Cliftside, N. J. * Camden, N. J. ® Chicago, lll. ® Detroit, Mich.
Cincinnati, Ohio ® Fort Wayne, Ind. ® Los Angeles, Calif. ® Toronto, Ontario

Manufacturing Subsidiaries:
HOLLY SPRINGS, MISSISSIPPt ®« LONDON, ENGLAND ¢ TRENTON, ONTARIO

RESISTOR CORP.



(ALK ELAGH THAT MADE

10 YEARS AGO, AMERICAN AIRLINES

THE WORLD'S FIRST SCHEDULED

On October 15th, 1944, businessmen found a new way to
send their wares to market when an American Airlines
DC-3 flew the first flight of the first scheduled airfreight
service. Though the event could not compete with the war
headlines of the day, it did make news—and good news—to
those seeking better methods of distribution.

In the first full year of operation alone, American Air-
lines delivered more than 2,500,000 pounds of cargo con-
sisting mainly of fish, flowers and pharmaceuticals. Suc-
ceeding years saw impressive gains in both volume and
variety as well as American’s introduction of the first all
cargo aircraft to be employed in scheduled freight opera-

tions. Today—with ponderous as well as perishable prod-
ucts moving daily by air, the amount of freight carried
by American in 1954 is expected to exceed 100,000,000
pounds—again establishing American as the leading car-
rier of Air Cargo.

With service to leading industrial centers throughout
the United States, American Airlines Airfreight is an in-
dustry-wide offering whose full potential can only be
measured by the imaginations of those who explore and
employ its services. American Airlines, Cargo Sales Divi-
sion, 100 Park Avenue, New York 17, New York.

ERICAN AIRLINES

CAmericas Leading Airline

112 Want more information? Use post card on last page.
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October 15th, 1244 — An American DC«3
makes the FIRST scheduled cargo flight.

INAUGURATED
AIRFREIGHT SERVICE

e
T
“h§"‘$i‘-

MAMMICMA/RZM/[S,‘. ¥

remerica’s Leoding Airline

Wirfreight

via e sceeduled gl of {hs .5 - .

VOLUME OF CARGO CARRIED BRY AMERICAN AIRLINES AIRFREIGHT

FROM - 944 THROUGH 1954 98.7 *100.
g 85.4

(figures in millions of pounds)
723
3 66.3 70.6
511
27.9
13.2
25
*estimate 1945 1946 1947 1948 1949 1950 1951 1952 1953 1954

ELECTRONICS — October, 1954 Want more information? Use post card on last page. 113



Filling a need not filled before . . . a whole series of

MECHANICAL CONSTRUCTION COMPONENTS

directed specifically toward trying to simplify the problems of mechanical construction in the
following field:

To Mount, Connect, House, Fasten and Monitor Electronic Circuitry
Here for the first time is a complete coordinated series of Mechanical Construction Components
not only to enhance product utility, but also to facilitate designing so that your production is

simplified and your product becomes easier to make.

1. You have

Alden Detachable Line Cord
to bring the power in

l@!

ment.

202 FIAC

Available in SV or POT cordage—right
angle and straight plug sockets. \Write

for sample 202 FIAC.

Reduce all problems to just a
plug mounted in your equip-

Give customer choice of de-
sired length for his installa-
tion.

Alden Point-of-Check Back Connectors

with Alden Point-of-
You'd probably like to
make every in-out lead

Organize all in-out leads
Check Back Connectors.

Yo
ST accessible. With Alden
l“ W Back Connectors all wir- 1
s ing can be spread out .

across a central point- _[
of-check so cach lead fis
indrvidually accessible for color
ing and check.

Blind rat's nest wiring of
conventionai connectors 1§
avoided.

Two-contact Unit. Back Con-
nectors, available for 5 to 15
amps in a whole series of
styles to meet a host of prob-
tems, and give new flexibility
and accessibility in  wiring,
Ask for samples of 462 Serles.

to provide for IN-OUT CIRCUITS

Provide power take-outs with
Alden Mini-space AC Outlets

World's smailest outlets
take a minimum
space, can be fitted in
wherever a power take-
out is needed or would
improve customer appeal

of your product.

Assemble fast—just eye-
let. rivet or screw right
into mounting panel.

402 ACE with easlly ac-
cessible tabs for quick
soldering 102 ACFL pre-
wired with

leads tail-

ored to

your spe-

cifications.

Write for

samples.

Provide Front Panel Point-of-Check

Tiny tell-tales spot
. trouble instantly —indi-
cate operation normal,
abnormal operation, or
tn certain stage—or give
access for internal
checks. Especially de-
# signed for front panel
mounting, yet take tiny
amount of space and are
simple to jnstall in pro-
duction.

110 BCS Alden Minl-
Test Jack—Whole series
of tiny insulated jacks
to test critical voltages
from front panel,

86L Alden Pan-|-Lite,
tiny, brilliant indicator
light gives visual check
of on-ofl and sequential
stages.

440-4FH Tiny Alden
Fuse-lite Fuseholder
spots blown fuse—light
glows and warns of
power failure in any
unit. Write for samples.

Here for the first time you have an integrated series of connectors — that can be completely prewired with leads tailored to your specifi-
cations — ready to drop abroad your equipment as a low-cost sub-assembly.

INSIDE ALDEN CONNECTORS

Unique Alden Top-Connected Con-
tacts  provide: Individual strain
relief for each Jead.

W

1. Wire is me-
chanically
crimped to Al-
den contact.

TETITRIIID

] 3. Molded clip

3 J) pockets restrict
all strain on
wire to direction
of greatest me-
chanical
strength,

2. Wire connec-
tion is solder
bonded for per-
fect electrical
connection.

Bare %22 pgage stranded copper
wire will break before solder con-
nection gives.

10075 molded insulation surrounds
cach chip and lead.
With Alden top-
connected contacts
the leads are drawn

directly into the
solld molded insulation of the clip
pockets — eliminating the danger of
insulation pull back — doing away
entirely with the need of insulating
tubing around wiring — and greatly
increasing arcover distances over con-
ventional design.

with you.

Speaker

201M/F

Connect
SINGLE LEAD SEiies
DISCONNECTS

P
Circuit-breaking con- A
-~ nectors that make

ideal minjature hi-
voltage disconnects.
Phenolic or polyethy-
lene insulation. UL
safety collar.

8101M/F

TWO AND THREE
LEAD

Excellent miniature
connectors for radio
and TV antenna lead-
ins and low-voltage
connections on instru-

HA Series

ments.
500 Series
ONE TO FIVE LEAD
L Compact inexpensive
L connector with UL
1 ST safety collar for car-
o ‘ ryinglA? powellé or
signal, for making
e Metal Seal chassis connections.
Series
Shielded ONE TO FIVE LEAD

Plugs, Connectors and
Sockets that answer
most needs for 1 to 5
shielded leads. Metal
seal socket grounds plug
upon insertion.

Series . w @{.

TWO TO SEVEN
e LEAD

Beautiful detachable
terminal connectors
that do away with
terminal strips,
make connections
detachable and
eliminate major sol-
dering and cabling
and operations for
you.

TWO TO ELEVEN
LEAD

Non-interchangeable
Series

For cables having
several connectors,
prevent misconnects
by specitying Alden
Non - Interchange-
able Connectors.
Each connector can
have individual pin
pattern to mate
only with proper
socket.

MINI
DUO-DECALS

Have only 3 parts:
‘“*Top Connected'”’
contacts, leads,
molding. Voltage
breakdown exceeds
that of tube base.

Quality equipment for
nstruments, TV, radar.
Magnal, duo-decal, dia
heptal. 100; insulation
each clip and lead.

REQUEST SAMPLES OF ANY OF THESE CONNECTORS.

COMPLETELY MOLDED CABLES

Combining the unique Alden Top-connected Contacts with a new Alden technique of
molding connector insulation right around the wire insulation, complete cables can
be made to your specifications comprising any combination of multi-wire connectors
and plugs, all molded into completely replaceable cable units. The homogeneous
bonding of wire and cable insulation provides the ultimate answer for corona. dust
and moisture seals to give new freedom from maintenance in the field of cabling.
This is a natural wherever a high quality cabling job is wanted or where tricky
environmental conditions must be overcome. Outline your problem and let us work

New Alden Tech-
nique solves hi-
voltage and co-
rona problems

This 20,000 volt Anode Cable for color TV comprises nylon Tube

C-R TUBE CONNECTORS

DIAL LIGHT SOCKETS

Prewired to your specifications with
unique solderless contacts that pro-
vide insulation strain relief and give
“'biting'' contact with bulb base.
These 4 detachable mounting styles
meet about 909, of your needs,

=g

gy e
e s
81L Single Lead
Clip Mounting

L .
e

82ML Double Lead
Clip Mounting

=

—
-
83UL Single Lead 85UL Double Lead
Snap-in Snap-in

TUBE CAPS for every purpose

Completely prewired — Phenolic,
Injeceion

SN YRR

Quality phenolics, completely insu-
lated for radio receiver, transmitter
or TV tubes.

Integrally molded
with insulation, lead
and grid in one
plece to meet any

1SL
SERIES

environmental and electrical condi-
tions.

Cap. High-voltage Disconnect and Anode Clip, molded by New
Alden technique to form integral unit with joints sealed against

lecakage and corona discharge.




3. To Provide for CIRCUITRY MOUNTING

Here is a Terminal Card Mounting System that lets you mount your circuitry in space-saving vertical planes and reduces circuitry prob-
lems to speedy sub-assembly jobs. Terminal mounting cards you can cut off any length, or order cut to your specs in volume . . . ratchet
terminals that require no pliering or wrap-around . . . tube sockets not mounted in chassis, but wired right on cards. Whatever circuitry you
plan, the Alden Terminal Mounting Card System is a logical step because it saves space, speeds production, leads to automation of circuitry
mounting and paves the way for printed circuitry.

PREPUNCHED TER- MINIATURE JUMPER STRIP CARD-MO%NTING YOUR COMPLETED CIRCUITS

MINAL MTG. CARD TERMINALS Eliminates wiring SOCKETS FOR_PLUG-IN PACKAGE OR CHASSIS
¢ for common circuits o 1 o

Riitm o

652T

6537 ||| 6541 i

Held for soldering

Snap ‘{5{ P .

ln“ /55/
-

No pliers—No twisting

SNIP OFF TERMINALS
NOT WANTED

R o — o
IR )| Mak dy. fl o A
L i1 A3 L gt Jumper strip eliminates wir- Sockets can be Socket with pig- . . .
Used In printed circuitry Ter- ]mJufalv;lrmg Lers e 3 L B T O puliedionfcard ber ' [l flesds piealt ISnpoauc:Es::r;‘ngaccdrcjllllll%rz'hglaines
minals 652T and 654T form . prototype printed circuits. irl));essisssembly into g{&%lé?;o printed 14 y §818.

solder eyelet.

Small circuits wired on Alden Terminal Cards become Plug-in Packages. Using only the basic components listed below, more than 117
tube and circuitry layouts can be accommodated with the Alden Plug-in Package Components.
Shielded o
“20" Package L__:;D

| T'“j -
[ . ‘f-;fﬁ;;,\ |
. N W
[ ° » 4 Stk e
HOUSINGS BASE pro- SOCKET for
BAILS mount LIDS center can be used vides up to 20 chassis or

through hous-  card —mount- for complete pins in vari- rack mount- ope"“zo”
ing to Base. ed sockets. shielding. le layouts. ing.
g able lay g Package

) Plug into Alden
Plug into portable Uni - racks (stack-
carrying cascs ing)

Complete circuits can be divided function by function mounted in planes.

ALDEN BASIC CHASSIS Plug into standard relay rack
2", 4", 8" and 17"’ widths
With complete circuitry divided

.q"'é

ravi ll_i;;_

function by function, the planes S L
of circuitry can be put into Alden I .
Basic Chasses to become plug-in o _ g
units. In In
Portable Cases Alden Uni - racks

If you want plug-in advantages, it isn't necessary to completely re-design equipment already in existence, Let the Alden Serve-a-Unit Kit
make your equipment into a plug-in that’s easy to service and replaceable in 30 seconds. Alden standard components are ready and waiting
and can be furnished to the exact dimensions you require.

Avutomatic Electronic Control

0 Alden Back Conncctors converted to plug-in

It's as simple as this —

Arrange Side Rails (1) and Lock
Frame (2) to accommodate your chas-
sis. Mount Alden Back Connectors (3)
on your chassis in orderly accessible
row with interval between critical cir-
cuits. Mount mating back connectors
on Lock Frame which is drilled and
tapped to receive them. Insert Serve-a-
Unit Locks (4) by drilling simple
holes to fit the shank so the detachable
pilot head lines up with Lock Frame
e holes designed to mate with its cam
action.

Alden Serve-a-Unit Lock

Lock Frame

Side Rails

Back
Connectors

Serve-a-Unit
Lock

Alden Side Rails Alden Lock Frame



IDEO

New Telechrome equipment de-

1041-BR STAIR STEP GEN- signed to provide test signals for
ERATOR (Variable) AUTOMATIC

Checks lineary and grey
scale output relationship

FREQUENCY precise checking of video facilitics.
CONTROL

in linear or non-linear gys- & 2 -0 = J04AR . . . .

tem. Built-in color carrer v il This equipment is now in use by
generator may be added to “;;:2 .13 R COMPOSITE major networks, TV stations, and
steps. Back porch burst ol- 4 o'a 213 [ SYNCH

lows lackin to 3.58 M(C g\ g‘-a 3,;,; BI GENERATOR the Bell Telephone System. This

color equipment, 3038R

type of equipment was recently

;}g'ga “
Joec
ﬁé s &

STAIR-STEP described by H. Gronberg of NBC
GENERATOR before the NARTB Engineering

WINDOW Conference in Chicago. These units
GENERATOR

1071-AR WINDOW

GENERATOR (Variable)

Determines ringing,

smears, steps, low fre-

quency tilt, phase shift, -
mismatched termina-

tions, etc. in TV sig-

nals or systems.

are available individually or as an

MULTI-BURST  integrated system with 75 ohm or
FREQUENCY
t GENERATOR

110 ohm balanced output.

1070-BR  MULTI-BURST
€ FREQUENCY GENER-

ATOR (13 freq. select- ; :(E\fllé?;sg?”
able from .5 fo 6 M() 512AR
Checks wide band
coaxiol cables, micro-
B wave links, individual REGULATED
[ units, and complete TV POWER SUPPLY
systems  for frequency 613BR
response characteris-
tics. Produces six fre- '
;l'y’e':l'i"s “'N"’h"i”&"e:';" 0SCILLOSCOPE CAMERA
reference.  Switchable MODEL 1521-A {Polaroid Land Type)

color burst on back
porch.

for instantaneous 1-to-1 ratio photo-recording of these
or other test signals.

MODEL £¢08-A HI-LO CROSS FILTER
MODEL 524-D 0SCILLOSCOPE

(=" O:W tfi:" J: | Full fa(i!i'ies
E : - -—w z Transmits,
SO may E; i< -~ .+ Chromascape ;oo At Phase Slope o
. ¥ Chromalyzer L Ly’ {Signal  mwaltiy | (Envelope Delay) moniton'
w L . Cenification) o ) Curve Trocer | !
. @ Lot ] | - T | onalyzes

® ” A » " 13 e

2] Q .o i | S WS compasite

i _u"f color pictures

HROM

MCORPORATER——

Literature on these and more than 100 addi-
tional instruments for cofor TV by TELE-

s 88 Merrick Road Amityville, N. Y.
CHROME are available on request.

E1 The Nation's Leading Supplier of Color TV Equipment
|

n AMityville 4-4446

=

—
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~ LANY SPECIFIED LENGTH 020" WALL
|2/4° TO 3-H8" INCLUSIVE ]

[
.m’ 'Illv

g
||- I'H, """lh"n‘

[ ‘I'l i e il
i R

l.-."
W "

NOTE-:
INTERNALLY THREADED |/4"-28 AND EMBOSSED TO PROVIDE
I"T06"0Z. RUNNING TORQUE WITH 1/4°-28 MPA STANDARD
SHALLOW THREAD CORE AS DETAILED BELOW :

THE FOLLOWING MPA STANDARD CORE THREAD FORM DRAWING AND
DIMENSION CHART 1S THE RECOMMENDATION OF THE
CLEVELAND CONTAINER CO. FOR USE WITH TORKRITE COIL FORMS

28§++ 003"

PRODUCT
APPLICATION

S i CORE LENGTH CORE 0.D.
QJ 3/8° 249"+ 001"
/2" 248"t 001"
5/8" .248" +.00V°
3/4" 247 +.001°
7/8" .247°* 001"
i 246" * 001

012" MAX.
00357 PITCH

ORKRITE

BY THE MAKERS OF CLEVELITE* PHENOLIC TUBING

Torkrite coil forms eliminate torque and stripping problems and
are rapidly replacing other coil forms because Torkrite:

+ withstands more than required
stripping pressure.

requires no revision other than
reduced winding arbor diameter.
is round and concentric; winds
coils at higher speed without
wire breakage or fallen turns,
permits use of lower torque since
it is completely independent of
stripping pressure.

recycling ability is unmatched.
is stronger mechanically be-
cause of heavier wall.

provides 1-6” oz. running
torque when used with MPA
standard shallow thiead core.

INVESTIGATE this outstanding coil form.

Improved new Torkrite is now avail-
able in various diameter tubes.
Lengths from 3/4” to 3-1/8" are
made to fit 8-32, 10-32, 1 '4-28 and
5/16-24 cores.

ELECTRONICS — October, 1954

* has no holes or perforations
thru tube wall which eliminates
cement leakage locking cores.
has smooth adjustment of core
without lubricant.

torque increases less after wind-
ing as heavier wall reduces any
tendency to collapse and bind
core.

maximum stability results as
core cannot move in relation to
winding after peaking as it is
engaged in internal threads.
embossings are evenly spaced,
with a lead at each end of the
form to permit easy insertion of
core.

Why pay more? For good
Quality . . . Cali CLEVELAND!

“Reg. U. S. Pat Off.

%CLEVELAND commm.fﬁ

6201 BARBERTON AVE. CLEVELAND 2, OHIO

PLANTS AND SALES OFFICES ot Chicage, Detroit, Memphis, Plymouth, Wisc., Ogdensburg, N. Y., Jameskurg, N. J. \.
ABRASIVE DIVISION at Cleveland, Ohio
CTANADIAN PLANT: The Cleveland Container, Canado, Ltd., Prescott, Ontario

REPRESENTATIVES

NEW YORK AREA R.T. MURRAY, 604 CENTRAL AVE, EAST ORANGE, N.J. §
NEW ENGLAND  R. S. PETTIGREW & CO., 62 LA SALLE RD., WEST HARTFORD, CONN.
CHICAGO AREA  PLASTIC TUBING SALES, 5215 N. RAVENSWOOD AVE,, CHICAGO
WEST COAST  IRV. M. COCHRANE CO., 408 5. ALVARADO ST, LOS ANGELES

Want morc information? Usc post card on last page.
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...that’'s why

The amazingly complex IBM “702” electronic calculator is hailed as the fastest and
most flexible commercial data processing system ever devised. The central Arithmetical
and Logical Unit performs calculations and makes decisions at a rate of more than
10,000,000 operations in an hour. Data and instructions for processing are stored in an
electrostatic memory bank of cathode ray storage tubes. Output can be in the form of
punch cards at the rate of 100 per minute.

A machine like this needs components that assure maximum performance to meet its
exacting demands. That’s why several different types of Sangamo Capacitors are used
in the 702.

If you need capacitors for demanding electronic applications, Sangamo engineers can
help you. You can choose from a complete line of paper, mica, electrolytic and button
type capacitors for every industrial, electronic, and radio application.

118

SANGAMO ELECTRIC COMPANY

MARION, ILLINOIS

Want more information? Use post card an last page. October, 1954 — ELECTRONICS
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SANGAMO

CAPACITORS

Stability
Under All Conditions

Toate whs boow... B N chsase Sompormo-

%, :
- Kt
Songamo SCs4-14
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Quality Metal Stampings
To Exact Specifications
Simple stomping or complex, muBi.
operation sub-assembly, Hudson can
produce your parls, quickly and eco-
nomically. For quotaticns on specific
components, send drawings mention-
ing quantities required. Call or write
today for the new Hudson cotolog.

PRECISION DRAWN CLOSURES
AND QUALITY METAL
STAMPINGS EXCLUSIVELY

STANDARD

When you need closures-

CONSULT m FIRST!

The HUDSON system of standardized production methods
makes it possible to supply even unusual closures, quickly
from stock. The HUDSON standard catalog line of cases and
covers includes hundreds of different shapes and sizes with
numerous optional features. Sizes range from large to minia-
ture and unit costs reflect mass production savings. Check
with HUDSON today, for closures of brass, copper, alumi-
num, steel and MU metal.

HUDSON TOOL and DIE COMPANY . Inc

118-122 SO. FOURTEENTH ST, NEWARK 7, NEW JERSEY

Want more information? Use post card on last page. October, 1954 — ELECTRONICS




PRESSES

Rugged as the Rockies CONTRO
Some made in 1907 with rugged de- R E v E R S I B

pendability are s&lf operating ot a profit.

Wide selection of sizes from 6-65 > C
tons . . . STOCK to 4 weeks delivery.
24 HOUR REPAIR SERVICE . —\ cC

See Bulietin 353 for more detoils.

WALSH PRESS & DIE CO. .- -give you 5 or more gages for

4 the price of one—reversible and
4709 W. Kinzie $t. o Chicago 44, Illinois et e»tia length for new gaging sur-
EStebrook 8-6700 4 faxes at no additional cost.
i THREAD REVERSIBLES
PLAIN REVERSIBLES
Cemplete details in cotalog 53

SIZE CONTROL €O.

. 2508 W. Washington Bovlevard
Ficd;’o;_!!, Hl.- » MOnroe 6-6710

~

Divisions of

AMERICAM GAGE and MACHINE €O.

SIMPSON ELECTRIC COMPANY SIZE CONTROL COMPANY
WALSH PRESS & DIE COMPANY

REDUCE VACUUM TUBE FAILURES DUE TO FAULTY SOCKETS!

“Gripmaster” guards your product against costly field failures caused by jiggles, vibrations and centrifugal
forces. Meet JAN and RETMA requirements . . . know insertion and extraction pressures for vacuum tube
sockets . . . 0 to 100 pounds. “‘Gripmaster” . . . $875.00 . .. interckangeable gaging attachments made to your
exact specifications furnished separately. Size Control Co., 2500 W. Washington Blvd., Chicago 12, lll.,
MOnroe 6-6710.

"BOREMASTER” . .. NEW ... LOW COST RING GAGES

Accuracy guaranteed ==.0003” with exact size etched on each ring. Individual accuracy one ten thousandth
of an inch in roundness, straightness and taper, non-accumulative. Use to set indicating bore gages . . .
inside micrometers . . . from $7.90.

Complete “Gripmaster” and ""Beremaster” literature . . . Write Size Control Co., 2500 W. Washington Blvd., Chicago 12, lll., MOnroe 6-6710.



MODEL

260

MULTI-TESTER

outsells all others combined!

More technicians are using the Model 260
than any other high-sensitivity VOM. Over half -
a million Model 260’s have been sold to

: date! 20,000 Ohms per volt. You'll find it
wherever quick, accurate, electrical checks
are needed. It's so handy, so dependablé, so
sensibly priced. Ask your jobber to show
you the Simpson Model 260. Only $38.95,
including Adjust-A-Yue Handle,

Carrying cases from $6.75. .

ADSUST-A.YUE

the new vom with a 7” meter

20,000 Ohms per volt DC, 5,000 Ohms per volt AC. 33 RANGES

DC VOLTAGE: 0-1.6, 0-8, 0-40, 0-160, 0-400, 0-1600, 0-4000 volts
(20,000 ohms per volt sensitivity)

AC YOLTAGE; 0-3, 0-8, 0-40, 0-160, 0-800 volts {5,000 ohms per
volt sensitivity)

AF OUTPUT VOLTAGE: 0-3, 0-8, 0-40, 0-160 volts {0.1 microfarad
internal series capaciter)

YOLUME LEVEL IN DECIBELS: —12 10 =+ 45.5 DB in 4 ranges.
Zoro DB Power Level, .001 watt in 600 ohms. ]

DC RESISTANCE: 0-500 ohms (4.5 ohms center); 0-5,000 ohms (45 ohms center); ;
0-50,000 ohms {450 ohms center); 0-500,000 ohms {4,500 ohms center);

0-5 megohms (45,000 ohms center); 0-50 megohms (450,000 ohms center)

DC CURRENT: 0-80, 0-160 microamperes, 0-1.6, 0-16, 0-160 milliamperes,

0-1.6, 0-16 amperes (257 millivolts moximum drop)
SEE THEM AT YOUR.JOBBER, OR WRITE.
Accessory High Yoltage Probe

MODEL 262 complete with 2 test leads with removabile
3 ‘.. Wi |1 'l'._‘.r; » A
for 16,000 volts DC. .$11.50, m_ﬁﬂﬁ

alligator clips, 4,000 v, DC multiplier
ST NEFEES . WORLD'S LARGEST MANUFACTURER OF ELECTRONIC TEST EQUIPMENT

Dealer’s Net Price, including Adjust-A-Yve
Handle. .$59.30 Carrying Case. .$9.93

5217 W. Kinzie St.. Chicago 44, lllinois, Phone: EStebrook 9-1121
In Canada: Bach-Simpsen, Ltd., London, Ontario .



A MESSAGE TO RADAR MODULATOR DESIGNERS

Performance proved...

TR

to your exact specification

Here’s why Westinghouse Pulse Transformers are
performance proved —100% production line testing.
Every Westinghouse Pulse Transformer must
pass tests under simulated actual operating condi-
tions. The pulse permeability test, for instance,
besides giving control over normal parameters,
includes pulse overvoltage tests and pulse exciting
current measurements.

Here’s why they can be produced in quantity to your
exact specification—Wide core selection. The larg-
est range of Hipersil® C core sizes in the world is
available to Westinghouse Engineers. Wave shape
performance need never be sacrificed by limited
core stocks.

you can 8 SURE. ... ¢ 115

W@stinghouse

Engineering experience. Westinghouse has for
many years been the leader in the design and man-
ufacture of transformers of all types and sizes. Wide
engineering experience assures you of coordinated
parameters, circuit familiarity and advanced pulse
transformer designs.

Why not let us prove that your specialtytransform-
er problem can be solved —to meet your precise
specification under any operating conditions.
Call your nearby Westinghouse Representa-
tive — or, if you prefer, write direct for CS-
44-250 to Westinghouse Electric Corporation, 3
Gateway Center, P. O. Box 868, Pittsburgh 30,
Pennsylvania. J-70718

wwWW.americanradiohistorv.com
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For Electronics:
Faster Assembly...
Better Design

Why do leading electronic manufacturers order

and re-order Simmons’ QUICK-LOCKS in quantily ?

For good dollar-wise reasons:

IN ASSEMBLY—

* No special tools are needed for installation.

* Flexible mounting takes care of curved sheets
and misalignment.

* Various material thicknesses can be handled.

IN DESIGN—

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

* 90-deg. rotation locks and unlocks fastener.

* Stud is self-ejecting when unlocked.

* Stud is self-aligning. Makes mounting and de-

mounting detachable panels simple.

QUICK-LOCK can help reduce vour assembly costs
and can add unusual advanlages to your desigus.

Send for data and samiples today.

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

QUICK-LOCK
SPRING-LOCK
ROTO-LOCK
LINK-LOCK
DUAL-LOCK

Simmons

Just out!
NEW 36-PAGE CATALOG WITH APPLICATIONS.
SEND FOR ITI

Fasteners that improve products
and reduce assembly costs.

October, 1954 — ELECTRONICS



PRECISION ENGINEERING
CUSTOM MANUFACTURING

POLAR PATTERN

RECORDING SYSTEM

AIRBORNE

) INSTRUMENTS

§ N: € O ®R-P O ‘R A T E D
' 160 OLD.COUNTRY ROAD, MINEOLA, L. 1., N. Y.



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 ’f"‘fm 0.12 to | single direct reading L.C.R. | Continuousiy variable bridge
I0Mq, Capacitance from | djal—no multiplying factors | voltage and automatic de-
luuF to 10C,F, and Induct- | jpyolved. tector sensitivity control,

ance from I;:H to 100H.
Full data and prices of any of the items listed below will be mailed immediately on request:
UNIVERSAL BRIDGE TF868 - FM DEVIATION METER TF 934
FM/AM SIGNAL GENERATOR TF995 - STANDARD SIGNAL GENERATOR TF 867
ALSO
VACUUM TUBE VOLTMETERS - FREQUENCY STANDARDS - OUTPUT METERS
WAVEMETERS - WAVE ANALYSERS - Q METERS - BEAT FREQUENCY OSCILLATORS

MARCONI INsTRUMENTS

23-25 BEAVER STREET - NEW YORK 4

CANADA : CANADIAN MARCONI CO., MARCONI BUILDING, 2442 TRENTON AVENUE, MONTREAL
ENGLAND: Head Office: MARCON! INSTRUMENTS LIMITED, ST. ALBANS, HERTFORDSHIRE

Managing Agents in Export: MARCONI'S WIRELESS TELEGRAPH COMPANY LIMITED, MARCONI HOUSE, STRAND, LONDON, W.C.2
T39.
124 Want more information? Use post card on last page. October, 1954 — ELECTRONICS




¢ Rubber

(NATURAL AND SYNTHETIC)

Recommends Materials Best Adapted
to your Vibration Control Requirements

Metal—Natural Rubber—Silicone
—Neoprene—Buna S—Buna N-—
and others are selected by LORD

Engineers to satisfy your specific en-

Over 27,000 basic designs and
their variations are already
available from which to choose.

ELECTRONICS — October, 1954

vironmental conditions and assure veloping and evaluating new materi-

the most economical solution of  als and processes to insure that the

your vibration control problem. most complete line of vibration con-
LORD research is constantly de- trol mountings is at your disposal.
LOS ANGELES 28, CALIFORNIA  DALLAS, TEXAS  PHILADELPHIA 7, PENNSYLVANIA  DAYTON 2, OHIO
7046 Hollywood Blvd. 313 Fidelity Union 725 Widener Building 410 West First Street
Life Building
DETROIT 2, MICHIGAN NEW YORK 20, NEW YORK CHICAGO 11, ILLINOIS CLEVELAND 15, 0H10
311 Curtis Building 630 - 5th Ave. 520 N. Michigan Ave. 811 Hanna Building

Rockefeller Center

LORD MANUFACTURING COMPANY « ERIE, PA.

&E’Z(@) /%ﬂa/yaarferf 76!‘ g z
L 2wws? VIBRATION CONTROL
Want more information? Use post card on last page. 125
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let EDO house your electronic equipment

Housing intricate electronic equipment for airborne or shipboard use
to withstand shocks and forces which might cause malfunction often
presents problems as difficult as the design of electronic systems
themselves.

Tackling such problems for electronic manufacturers, ship and air-
craft builders is a specialty of the Edo Corporation. Whether your
equipment must operate properly on jet aircraft or on board ship under
battle conditions, its reliability is improved if mounted in Edo-designed
and built cabinets or housings.

If you have a housing problem, why not talk it over with our versatile
engineering staff whose three-fold experience in the marine, aviation
and electronics fields is unique end at your disposal.

to withstand...

ENVIRONMENTAL

TWO TYPICAL HOUSING PROBLEMS SOLVED BY EDO

1. AIRBORNE HOUSING. A volume producer of airborne radar 2. SEABORNE INSTALLATIONS. To house its own electroniz

nacelles, Edo was asked to design a pressurized external store equipment developed and manufactured for the Navy, Edo
housing capable of being flown in the trans-sonic speed range. engineers have perfected a series of standard eclectronic cabi-
From wind tunnel tests to completed tooling and production, nets admirably suited tc naval electronic equipment. Capable
Edo relieved the electronics manufacturer and the aircraft of housing all standard electronic units, the Edo cabinets are
builder of these design problems. vibration-proof and spray-proof.

gﬁ CORPORAT|°N College Point, L.L, N. Y. %55

Want more information? Use post card on last page.
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for complete information regarding component type
Tuning Fork Resonators, or variously pack-
aged Tuning Fork Frequency Standards.

Philamon Laboratories Inc.




can this “UNUSUAL GROUP”

solve your toughest technical problem?

MECHANICAL DESIGN AND DEVELOPMENT GROUP

1-Automatic Control and Metals Engineering . . .
2-Sonic and Mechanical Engineering .. 3-Turbine,
Compressor, and Power Machinery Engineering . . .
4. Machine Design and Thermodynamics

s-Electrical and Mechanical Engineering . . .
6-Aeronautical Engineering and Mechanical Design
... 7-Medical and Mechanical Engineering (Group
Leader) . . . 8-Mechanical Design and Plant Engi-
neering . . . 9 Process and Development Engineering
... 10-Electronic and Mechanical Engineering . . .
11-Tool and Die Engineering; Production Machine
Design.

\ 6 8 ) [ ®
X V N L} ™~ | | 4
) - ) p=tl <N \ 4 ]
2 /[, ‘5 JI )7 1Y N9 | \
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Arthur D Little Huc.,

128
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IT_COSTS NOTHING TO FIND OUT, And in the process, you'll learn why this
group has satisfied hundreds of clients, large and small.

WHAT Is THE GROUP? This is the Design and Development Group of the
Mechanical Division of Arthur D. Little, Inc. . . . one of many successful working
units into which ADL's scientists, engineers and technologists are grouped. With
its handpicked members, it typifies the integrated thinking and practical attack
to industrial research problems which have made ADL a leader in diversified
research and development.

Each member of this ingenious group is expert in a different field; yet,
all are alike in their grasp of the fundamentals of good engineering. They
know how to get new functions out of old principles. You'll know them by name
before your initial conference with them is over,

HOW DO THEY WORK? First, a group meeting studies your problem from
every angle to determine what it can do toward the solution. A proposal comes
next, outlining the approach ... tells you how much time and money are
involved. Only when you say '‘go ahead"” do you pay a cent.

At this point a project leader takes over. Depending on the scope of your
project he works singly, or with a group, but always supplemented by the
specific practical experience and general knowledge of the entire ADL staff.
The size of this team and the range of your problem determine the cost.

YOU'RE IN CHARGE! You have as close control over your ADL project
team as if its members were working in your own plant. The range of ADL work
on the project is up to you: concept, sketch, mock-up, detailed production draw-
ings, prototype or complete processing equipment.

WHY DELAY? If you feel that new or improved equipment, products, and
methods can increase your profits, investigate what an ADL group can do for
you. For detailed information or preliminary discussion phone UNiversity 4-5770
(Boston) or write:

ARTHUR D. LITTLE, INC., MECHANICAL DIVISION

37 MEMORIAL DRIVE, CAMBRIDGE 42, MASS.
!:."‘

CREATIVE rscm{onoev SINCE 1886

i

H
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THE NAME THAT GUARANTEES

When you specify Bradleyunits for your radio, elec-
tronic, or television circuits you are '‘playing safe"
with your reputation as an electronic engineer . . .
because Bradleyunits are ultra-conservatively rated.

All Bradleyunits are rated at 70C ambient temper-
ature . . . not at the vsual 40C, They do not exhibit
erratic resistance changes nor do they open circuit.
They will operate at full rating for 1,000 hours with
less than & per cent resistance change. Bradleyunits
require no wax impregnation to pass salt water im-

OTHER ALLEN-BRADLEY QUALITY RADIO,

FERRITE CORES

ELECTRONICS — October, 1954

CERAMIC CAPACITORS

Want more information? Use post card on last page.

IN MOLDED RESISTORS

mersion tests. Their differentially tempered leads
prevent sharp bends near the body of the Bradley-

unit. In every way, Bradleyunits are a QUALITY
product . . . trouble free, accurate, and always
dependable.

Let us send you our latest technical data sheets.

Allen-Bradley Co.
110 W. Greenfield Ave., Milwaukee 4, Wis.

In Canada

Allen-Bradley Canada Limited, Galt, Ont.

ELECTRONIC, AND TELEVISION COMPONENTS

Type J 2-wott
Bradleyometer

Type G Ya-watt
Bradleyometer

ADJUSTABLE RESISTORS

129



Zone Refining apparatus, showing tube and induction-heating coils. For transistors—tiny electronic

amplifiers—germanium is made extremely pure. Then special impurities are added in controlled amounts

for best transistor performance.

To make the most of their revolu-
tionary invention, the transistor, Bell
Laboratories scientists needed ultra-
pure germanium.

The scientists solved their problem
by devising a radically new refining
process. The germanium it yields
may well be the purest commercially
produced material on earth.

It has only one part in ien billion
of impurities harmful to transistor
performance. That’s about the same
as a pinch of salt in 35 freight cars
of sugar.

Yet the new process, Zone Refin-
ing, is simple in principle. An ingot

BELL TELEPHONE LABORATORIES

IMPROVING AMERICA'S TELEPHONE SERVICE FROVIDES CAREERS
FOR CREATIVE MEN IN SCIENTIFIC AND TECHNICAL FIELDS

Want more information? Use post card on last page.
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1 part in 10,000,000,000

of germanium is drawn through a
series of induction-heating coils that
melt narrow zones of the substance.
Since hmpuritics are more soluble in
the ligquid than in the solid form of
a metal, the molten zones collect
impurities. They are swept along
by the successive melts to the end of
the mgot, which is finally cut off.

Zone Refining is also being applied
to the ultra-purification of other ma-
terials useful to telephony. This
single achievement of research at
Bell Telephone Laboratories clears
the way for many advances in
America’s telephone system.
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TRUFLEX THERMOSTAT METALS COMPOSITE METALS ALCUPLATE
TRUFLEX thermostat metals are manufactured in  Available in practically any combination of precious to Copper-clad aluminum for component cases or
a wide variety of types, each with a different re-  precious, precious to base or base to base metals. Com- cans, chassis, cooling fins, etc., light weight,
action to temperature. Uniformity of metal insures  binations for electronics include aluminum-clad iron, excellent conductivity. Copper surface is ideal for

accurate and consistent performance. Precision nickel-clad iron for anode materials. soft soldering and electroplating.
parts fabricated to exact specifications.

COMPOSITE CONTACT MATERIAL COMPOSITE CONTACTS WAVE GUIDE and COLLECTOR RINGS

Precious metals and alloys bonded to base merals General Plate can supply all types of fabricated composite RECTANGULAR WAVE GUIDES. Solid silver,

available in following types — overlay, single and contacts, burttons, rivets, contact assemblles made to silver lined brass or aluminum, Sizes to govern-

double edgelay, single and double inlay, Top-lay, customer’s specifications. These contacts give electrical ment specifications.

ready for you to fabricate into contacts. conductivity and long life at reduced costs. COLLECTOR RINGS. Solid silver or precious
metal on base metal. All sizes.

Genera/ e ks

that solve your Electronic Design Problems

. . . ® Alnifer ), Nifer i’ — Aluminum and Nickel-clad steel
General Plate Composite Metals, made by metallurgically bonding for anode plates.
one metal to another, are available in sheet, strip, tubing or wire in various ® Alcuplate@ — Copper-clad aluminum for component
widths, thicknesses and diameters. cases, chassis, cooling fins, condenser blades, etc.
. . . 3 ® Alsiplate® — Silver-clad aluminum for lightweight

Silver, gold and platinum-group mgtals bonded on base metals give solid Coné’enscrs, dte.
precious r.netal performanFe ata fragnon of the cost of sohfl precious metal. ® Composite Contacts and Contact Materials — Increased
The precious metal provides specific performance requirements such as strength and longer life ar reduced cost.
electrical conductivity and corrosion resistance while the base metal pro- ® Collector Rings — Fabricated from solid precious metals
vides workability, strength, and solderability. or precious-clad base metals. Sizes ranging from frac-

tion of an inch to few fect in diamcter.

Composue base r.netals provxde a new group‘of engineering metals wah ® Truflex® Thermostat Metal — Sheet strip. formed cle-
properties not available in solid metals. Their use frequently results in ments and assemblies produced to specification.
lower material costs as compared to solid metals. ® Thin Gauge Metals — Beryllium copper, nickel, pure

) . . beryliium, Haynes Stellite alloys, etc.
In many electronic applications further economy results when General
A . d ! ® Platinum-Group Metals — Sheet, wire, tubing, parts of
Plate supplies fabricated parts ready for assembly into your product. Gen- all types. Complete assay and refining facilities for
eral Plate makes an infinite variety of fabricated parts, such as electrical platinum-group metals.
contacts, collector rings and TRUFLEX thermostat metal parts to cus- ® Silver and Gold Brazing Alloys — Available as sheet,

tomer’s exact speciﬁcations wire, powder and fabricated parts.
. A . ® Bondwich — Solder-clad brazing shim for carbide-
General Plate Engineers will gladly help you with your problems. tipped tools.

® Bronco — PPhosphor Bronze-clad copper for high con-

METALS & CONTROLS CORPORATION ductive springs.
GENERAL PLATE DIVISION ® Conflex — Copper-clad spring steel for electrical and

thermal conductive springs at low cost.
310 FOREST STREET
Uslng
ATTLEBORO, MASSACHUSETTS prohf by ,als'
5 Composne Me

® 7720 Manganese Age-Hardening Alioy — Corrosion re-
sistant spring material for diaphragms, springs, finger
stock, etc.

You can
General Plat

® Rectangular Wave Guide Tubing — Wide range of sizes
10 government specifications.

Write for catalog PR700.




PLUG-IN UNITS

o g
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TYPE 53A—DC to 10 mc, 0.035
usec risetime; 0.05 v/em to 50 7,
v/cm, calibrated . ........ $85

TYPE 53B — Same as Type 53A
with additional calibrated ac-
sensitivity to 5 mv/cm. ... $125

R’GHT! But there's more here than convenience. There's
better performance than you've known...over a far wider range
than you'd expect. This method of quick conversion provides for
the future, too...offering adaptability to new work at the mod-

& 2 -;':_‘\_ erate cost of a new plug-in unit.
= i 3 3 o . . .
~ o You'll save valuable engineering time and accomplish much
e & @ o more with a Tektronix Type 531 or Type 535. The money you
‘i . 3 invest will work harder, longer.
- = “‘:.'“"'d
1 e ¥ OSCILLOSCOPE CHARACTERISTICS
¢ Q @ Wide Range of Triggered Sweeps Balanced Delay Network
v P e 0.02 usec/cm to 12 sec/cm, continuously 0.25 usec signal delay in vertical amplifier,
- e varighles Sensitive Horizontal Amplifier
TYPE 53C—Dua|-fruce unit, Two 24 calibrated sweeps from 0.1 usec/cm ta 0.2 v/cm to 20 v/cm sensitivity.

5 sec/cm, accurate within 3%.

identical amplifier channels, dc Acruratertisx mogr hications IV:erseulfnle T'r:gglern_::f T
nternal or external, with amplitude leve
'o 8‘5 m‘r 0-05 V/Cm 'O 50 V/Cm. Hl'gh Wriﬁng Rate selectian ar automatic triggering.
Electronic switching triggered by 10 kv on new precision crt— permits Square-Wave Amplitude Calibrator
osci"oscope sweep...or free run- photographing single sweeps at the 0.2 Am;»to:;loOO v in 18 steps, accurate
- fastest sweep speed. within 3%.
ning at about 100 kc.. ... $275 it DC-Coupled Unblanking
RSN f ide- t A ifi a2 n
Q- LG O.u_lpu ymplitier . CRT Beam Position Indicators
"\\-\‘ DC-coupled amplifier designed for use with all
AT Type 53-Series Plug-In Units, Electronic Power-Supply Regulation
- o = TYPE 531 —$995 plus price of desired plug-in units.
' TYPE 535 —same characteristics— plus delayed sweeps. 1 usec to 0.1 sec calibrated detay in 12
e | ranges, incremental accuracy within 0.2% of full scale. Conventional or triggered operation . . .
2 NS $1300 plus price of desired plug-in units.
T

Your Tektronix Field Engineer or Represent-
ative will gladly arrange a demonstration
at your convenience . . . Call him today.

7 Prices f.o.b.
ﬁ Portland (Beaverton), Oregon

TYPE 53D — Differential input,
high gain. DC to 350 kc at 1

mv/cm — pass-band increasing /ﬁ
to 2 mc ot 50 mv/cm. Full range ?J?TI
o
2

. Tektronix, Inc.

P. O. BOX 831A « PORTLAND 7, OREGON
CYPRESS 2-2611 . CABLE: TEKTRONIX

—1 mv/emto 125 v/em...$145
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Search Radar Magnetron Tube. Two large Carboloy
Alnico permanent magnets supply the electron beam
control in this Raytheon magnetron. They help reduce
size and weight, with no decrease in performance.

Motor. Tiny, powerful Carboloy
permanent magnet replaces wound electromagnet as
rotor. The magnet’s self-contained power supply re-
duces battery drain, requires less power.

Miniature Electric

Permanent magnets provide an economical way
to convert electrical energy to mechanical motion

Carboloy® Alnico permanent magnets provide a
low-cost means of simplifying design and reducing
size in motors, radar magnetron tubes and hun-
dreds of other products.

In the motor above, a tiny Carboloy permanent
magnet rotor supplies the motor action; in the
magnetron tube, two large Carboloy permanent
magnets provide electron beam control. Both are
examples of permanent magnets’ inherent ability
to convert electrical energy to mechanical motion.
Thousands of other products utilize Carboloy
permanent magnets’ other basic functions (see

below) ... and realize substantial cost and design
savings.

Permanent magnets supply a uniform source
of stable, low-cost energy; help eliminate coils,
wire and other operating parts. They are avail-
able cast, or sintered where closer tolerances
and more complex shapes are required.

“Designing-in” permanent magnets will improve
your product. Specially trained Carboloy Magnet
Engineers will work with you in both design and
application. Send coupon today, for complete
information and technical literature,

Basic functions of permanent magnets

Eddy Current Braking
Instrument Action
Motor Action
Acoustic Action
Electron Beam Control

'I Convert electrical energy )
to mechanical motion
motion {

Generator Action
Magneto Action

2 Convert mechanical
Sound Pick-up

to electrical energy

Control of Torque

Snap Action
Separation

Holding and Lifting

Convert mechanical energy
to thermal energy

4 Mechanical Holding

A R Rt -y P -l
| .

| Carboloy Department of General Electric Company :

| 11139 E. 8 Mile Ave., Detroit 32, Michigan |

I I would like the following: I

A R B l | Information on permanent magnets in |

DEPARTMENT OF GENERAL ELECTRIC COMPANY I D 00 Magne' DeSIQH el o I

| [] Permanent Magnet Standard Stock Catalog, PM-100 |

11139 E. 8 Mile Ave., Detroit 32, Michigan | |

| Name_ y __B n _Position :

“Carboloy’’ is the trademark for products of the | Company. — |

Coarboloy Department of General Electric Company I |

I Address. _ L s |

] City . Zone Stafe |

L e e ——— e ——— =3
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Q.é ‘5"‘# q,ﬂ-j‘? ’?’

ﬁg,a
c’:* of MALLOR
o] Silver Rivet Contacts

Stocked for Immediate Delivery

£
-y
{
W‘-’" Lf you use line-silver headed rivet contacts, vou
/ can save the time of designing, tooling and pro-
A S Y ducing “specials”, by ordering from Mallory’s
i i standard stock list. Many manufacturers have
r already found this a time-saving, economical
?""- wav o obtain contacts in production lots, for
| — experimental use, and for pilot runs or job orders.
k4

L The 70 different contacts that Mallorv carries
 /
\ . L . N
& ‘ ~, in stock —readv for immediate shipment—
- " i represent the tvpes and sizes most commonly
/ used in thounsands of existing applications.
Inchided are both flat and radius-faced designs.

@ £ \ For the new equipment vou may be designing,

3 % \ \ ' it wnell pay you to use Mu!lory standard rivets

as a “preferred list” that will assure you prompt

B delivery when you go into either pilot or full-

scale produetion. It will pay vou, too, to check

through this standard list for sizes applicable

to the equipment which vou are now manufac-

turing. You will probably find a standard size

that is readilv applicable to a contaet vou may
now be ordering on a special basis.

Our new folder 3-13A lists complete dimen-
sions, part numbers and prices of Mallory
standard stock silver rivet contacts. Write for
vour copv today.

Expect more...

Get more from MATTORY

MY

P. R. MAllORV & Co.,

efticient PY

Serving Industry with These Products:

Electromechanical—Resistors ® Switches ® Television Tuners o Vibrators
Electrochemical —Capacitors o Rectifiers ® Mercury Batteries
Metallurgical—Contacts ® Special Metals and Ceramics ® Welding Materials

tnc., INDIANAPOLIS 6, INDIANA
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electronics

W. W. MacDONALD, Editor

» TELEVISION TRIO . . Just
over the horizon are three develop-
ments which can, in combination,
bring about the production of
large-screen color television sets
at more reasonable prices—pic-
ture tubes employing a variety of
new principles, mechanized wiring
and assembly, and better tran-
sistors.

Tube designers are playing close
to the chest, but it is known that
substantial progress has been
made in the direction of simplifi-
cation, involving such things as
printed phosphor grids, single
guns and external deflection. Sev-
eral radio manufacturers already
using mechanized wiring and as-
sembly methods for mass produc-
tion are working hard to adapt
machines to more complex tv cir-
cuitry. And military use of tran-
sistors has now swelled produc-
tion to the point where reliability
and price should be attractive.

» TRANSISTORS . .. Good as they
are, today’s transistors are by no
means the last word.

Surface contamination  still
seems to be the primary cause of
failure, even in hermetically-sealed
units. Oddly enough, point-con-
tact types appear to be least sub-
ject to it but, in any case, cleaning
of surfaces in the laboratory re-
turns many failed transistors to

ELECTRONICS — October, 1954

CROSS

TALK

satisfactory performance.

One prominent engineer says the
manufacture of junction types is
“like whittling germanium down
to a shadow and then plating elec-
trodes on the shadow.” This sug-
gests that a method of simulating
the action of a thin piece of ger-
manium with a thicker piece op-
erating In some other “mode”,
casually mentioned in the litera-
ture about a year ago, might be
the next step.

»LINK . . . As industry moves
closer and closer to fully automatie
control of its machines and proc-
esses the timetable will be deter-
mined largely by economics—how
much will it cost to install what
kind of control and how soon can
tangible gains in the marketplace
support it.

Meanwhile, it occurs to us that
two more or less packaged prod-
ucts can provide a link between
manual and automatic control—
telemetering devices and indus-
trial television. Both have a very
attractive future.

» SHOPTALK ... Printer’s errors
that we caught before putting a
recent issue to press included Phase
Investor and Sleep Front Sawtooth
Wave generator. . ...

One of our editors points out
that the industry’s active Panel On

OCTOBER « 1954

Electron Tubes may be abbreviated
to POET. .. ..

A subscriber obviously keen
about clipping and filing items out
of ELECTRONICS, suggests that we
bind the book with “weaker
staples”. . . ..

» DEFINITION . . . Military Air-
plane: Electronics with wings.

» EXTRA ... In this issue is
the third of three editorial
“extras” promised (p 129,
Jan.) for 1954.

Inserted between pages 192
and 198 is a 64-page special
report devoted to the mechan-
ical design of electronic equip-
ment, conceived nearly two
years ago and in process of
production for the past six
months.

In July we started a series
of articles spotlighting com-
ponent design trends, which
will continue each month for
the balance of the year and
well into next spring. And
back in March we published
a four-color spectrum chart
now seen on many walls.

Extras for 1955 are cur-
rently under -consideration.
More about these later
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Rotary solenoid with adapter switch

Adapter unit (at top) contains programming and selector switches

Automatic Circuit Tester

Final inspection costs can be cut and product reliability improved with test set that

automatically checks circuit wiring and components. Plug-in adapters are tailored to

particular units in production. for use with console containing universal test circuits

IKE OTHER AUTOMATIC devices,

the circuit tester deseribed in
this article is programmed in
accordance with the task to be
performed. Rotary switches are
permanently wired with the perti-
nent test data. To change from
one test program to another, the
set of switches is quickly ex-
changed. These same switches also
select the circuit to be tested, as
they are mechanically coupled to
drives in the circuit tester.

All portions of the tester not sub-
ject to change are contained in a
standard universal unit; program-
ming devices and test circuits pecu-
liar to the job are permanently as-
sembled into a special plug-in unit.
Thus, the universal unit contains
all basic measuring circuits, power
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supplies and automatic controls.
The special adapter unit contains
all circuits and components needed
to adapt the universal unit to the
work, including portions to select
the circuit to be tested, designate
the type of test, establish test con-
ditions, set required values and
tolerances and perform auxiliary
operations.

Since unattended operation
necessitates automatic control, the
drive causes the selector switch to
advance one step upon satisfactory
completion of each test, in accord-
ance with information supplied by
the measurement element. The rate
of stepping is adjusted to the in-
herent speed of a given test. A
delay period before rejection is
provided, to allow for transient con-

www americanradiohistorv.com

ditions that may simulate defects.

The selector switch position is
known at all times and this infor-
mation is available to the printing
device which records the test num-
ber of any reject.

Basic Test Circuits

The first of the basic test cir-
cuits is the continuity test dia-
grammed in Fig. 1A. This test is
designed to detect small discrep-
ancies in wiring resistance and to
spot wiring errors and defective
connections. The resistance of the
circuit continuity to be measured is
R.; R, R, and R, are conventional
bridge arms set to accept values of
R, less than 0.25 ohm and causing
a reject on all connections having
higher resistance. If a limit other

October, 1954 — ELECTRONICS



AN, SWITCH ~r oSN SSWITeR & 2100007 L—--HOOV
! O
IN EQUIPMENT | Re OR Ry CONNECTED THROUGH BER N Rj CONNECTED BY IN EQUIPMENT
UNDER TEST SELECTOR SWITCH IN EQUIPMENT | SELECTOR SWITCH UNDER TEST
= UNDER TEST = ==
(A) (8) <)
FIG. 1—Simplified schematic diagrams of continuity-test circuit (A), leakage-test circuit (B) and resistance-test circuit (C)
EXT OsC E ¢ FROM EQUIPMENT Ea-c FROM EQUIPMENT
" l UNDER TEST UNDER TEST
S - | A-C EXT STD
Rp Rp R,
D-C EXT STD T
o SELECTOR SS'V;FT%H”
315,60CPS SWITCH 5 L 3
S 3  [AwP AMP
! AND DET AND
RECT :;“1 RECT
IN EQUIPMENT |
UNDERTEST = §
) 20,000 2500 Tﬁsw w2
AMP AMP
AND !_.l DET H AND '<—
h’{RECT RECT ! . !
: -—L (a) (B) -[—-

FIG. 2—Impedance-test circuit

FIG. 3—Circuit of d-c voltage-test circuit (A} and a-c voltage-test circuit (B)

Speeds Production

By ROBERT J. STAHL* and GEORGE R. WEST

than this generally suitable value is
desired, the bridge ratio is altered
by shunt R, or R,” depending upon
whether the limit is to be raised or
lowered.

A range of 0.1 to 5 ohms can be
covered in this fashion with an
accuracy of =#+0.025 ohm through
use of a 1-millivolt detector sensi-
tivity. Switch S, removes excita-
tion during selector-switch opera-
tion to avoid interruption of the
up to 100-ma test current.

The leakage test is made with
high wvoltage in order to uncover
incipient breakdowns in addition
to wiring and component defects.
The circuit in Fig. 1B shows the
leakage between the conductor
under test and all other circuits

* Now with Dalmo Victor Company
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Color Television Incorporated
San Carlos, California

(which are grounded during this
test by a special selector-switch
section) as R,. Resistors R, R,
and R, form the rest of the bridge.

The test voltage is determined by
S., and is normally 500 v as in
Megger practice, but reducible to
250 or 100 v where component rat-
ings limit. Switch S, removes the
test voltage during selector opera-
tion.

The leakage limit can be lowered
from the normal 500 meg to as low
as 10 meg by R,, with all values
accurate to about 5,000 meg
shunt. Transients introduced by
C, are made as short as possible by
keeping R, at a minimum.

The resistance test is designed to
measure components accurately
over a wide range; in conjunction

with the continuity and leakage
tests all values from 0.1 ohm to
500 megohms can be covered. The
resistance being tested is desig-
nated as R, in Fig. 1C, while R, is
the standard, selected in accord-
ance with the limit value of R..
The other side of the bridge is
formed by R. and R,, with R,
selectable by S.; to change from the
1 to 10,000-ohm range to 0.01 to 10-
megohm range (the excitation volt-
age being simultaneously raised by
S.. to retain maximum accuracy).
Through use of 0.1-percent resis-
tors in the bridge, an overall ac-
curacy of better than +=0.5 percent
can be maintained.

The impedance test is arranged
so that a vector balance is not
needed, permitting the use of a
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simple resistor, R, in Fig. 2, as the
standard. Inconvenient reactive
components are thus avoided in
most situations. The separate
amplifiers and rectifiers supplying
the d-c detector inputs remove all
phase response from the system,
giving a null whenever the scalar
values of the two a-c bridge outputs
are equal. The division by the
permanent arms is R,/ (R, + R,) =
1/\/_2 so that balance is produced
when R, = |Z,|, provided Z, is a
pure reactance such as a capacitor.

Either the internal 60-cycle sup-
ply or an external oscillator of
selected audio frequency may be
chosen by S.. Impedances from 10
ohms to 1 megohm may be thus
measured with an accuracy of =1
percent.

Voltage Tests

The d-c voltage test circuit
shown in Fig. 3A is used to evalu-
ate circuit operating conditions.
The unknown voltage F,. is sup-
plied through a multiplier E, hav-
ing a 20,000-ohms-per-volt drop so
that loading will be similar to that
imposed by multimeters used by
technicians, Resistor R, is set to
include the tolerance limit.

The selector is protected by S,
while S, designates the polarity
required of E,... An external com-
parison voltage can be chosen by
S, for ratio or differential measure-
ments (a limit system can be used
to determine either). The range
of 1 to 1,000 v may be handled with
normal circuits, while higher volt-
ages require special dividers.
Lower voltages (down to 10 milli-
volts) can be accommodated at de-
creasing accuracy by connecting

the external-standard terminal to
a known low voltage of similar
magnitude. Through use of 0.1-
percent resistors in the voltage di-
viders, an overall accuracy better
than 0.5 percent can be held.

The a-c¢ voltage test measures
performance. The circuit shown in
Fig. 3B permits both absolute and
ratio determinations throughout
the audio range. The previously
mentioned amplifiers and rectifiers
convert the signal to the d-c re-
quired for the measurement ele-
ment. A basic sensitivity of 2.5
volts peak at the conventional 1,000
ohms per volt sensitivity avoids
most effects of stray capacitance in
the wiring.

Switch S; selects either the abso-
lute reference Esp or a rectified
external standard for measuring
relative to line voltage or oscillator
level. Transformer turns ratio is
easily checked at this latter posi-
tion. A voltage range from 2.5 to
1,000 volts can be covered with an
accurary of =1 percent.

Detector

The detector used in the test cir-
cuits of Fig. 1, 2 and 3 closes a
pair of relay contacts upon receiv-
ing a 1-mv limit signal of selected
polarity. The simplified circuit in
Fig. 4 shows both input terminals
floating with respect to ground be-
cause of basic test requirements.

The 6ALS5 limits the input signal
to 8.5 v while not affecting normal
levels, due to bias furnished by the
two bias batteries. Current through
V, passes through the coil of over-
load relay K,, opening contacts S,
in the basic test circuits if the over-
load is of sufficient magnitude and

duration and thus protecting the
work and the entire tester from
damage.

Capacitor C, reduces transients,
hum and noise, while the parallel-T
filter attenuates any 60-cycle pick-
up. The chopper converts the 1-mv
d-c to 60-cycle a-c so that it can be
conveniently amplified by V, V,
and V.. This floating amplifier is
coupled to grounded equipment by
T..

Phase detector V., develops a
positive d-¢c output when the plate
signal is in phase with the 60-cycle
grid reference supplied by T.
Phase reversal by S. reverses the
required input polarity and hence
reverses the sign of the tolerance.
The output of V; is filtered by C.,
R, and C. and applied to V..
Cathode bias for V, is set by R,
so that relay K, is just closed by a
1-mv input, establishing optimum
adjustment between sensitivity and
stability.

An input polarity from an ac-
ceptable test develops a signal
through the chopper which is in
phase with the V, grid reference,
producing a positive voltage which
overcomes bias on V, and thereby
energizes K,. The output contacts
initiate a complete stepping cycle
of the automatic equipment. Input
polarity from a reject test develops
an opposite phase signal which can
produce no output from the phase
detector.

Automatic Control

Figure 5 outlines the basic cir-
cuit used to achieve automatic con-
trol. Rotary solenoids K, and K,
are each coupled to respective se-
lector switches in the adapter.

AMPLIFIER PHASE

DETECTOR

SI0K

T2
S:

RELAY AMP
60CPS
Kz

OUTPUT

LIMITER o 00K P
T 60-CPS 0s =
PARALLEL : g ”
T [
6ALS FILTER CHOPPER 6Ca $12ax7 R, 3124X7
- S IL8MEG _ IMEG
INPUT Y] Le, &60
. _ 005 CES 100 510 ¢
P K 2 3
T 100k S 3K 388 K3k ) ol
- + 37 %60 > K 240 EG " lar 3
K, X 9
tl;l 0/15' (NOGNDY 1=+ ]

K= X1,000

FIG. 4—Detector used in bridge circuits of Fig. 1, 2 and 3. Note that both input terminals are floating with respect to ground
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RS
+100V —AW
18 MEG
FROM
PHASE -
DETECTOR
OUTPUT .
—BE
o
T‘:\O-—q
T\s—---o— +60V
' START
START ifs ;
RELAY 0o -
AUTO
START L ﬂ__r__
+250V }
RESET Lo 7 1007
RELAY AMPLIFIER = TOADAPTER |1 ppapTER v
A 41 AL ARM
m— Ao cmcqu
18MEG COUNT
Lo 1 RELAY
0l 3 STEP $
RELAY T |MEG
+250V +60V _]
¥
68 v
cPs

FIG. 5—Basic circuit used to achieve automatic control, Details such as range-
changing circuitry, safety provisions and manual provisions are not included

Depressing the start button locks
in the start relay through the hold-
ing circuit and causes K, to step
to the first test position. The start
relay simultaneously connects the
ground return to K, through S..
and connects the phase detector
output to relay amplifier V, so that
measurement can commence.

A positive (acceptable) signal
causes operation of the step relay
through relay K.. Energizing volt-
age is thus applied to the first
rotary solenoid, causing it to step
the switch to the next position.
Under usual conditions, stepping
occurs at a rate of about three per
second.

As coupled switech S, turns, its
circuit is momentarily broken, per-
mitting a positive voltage through
R to fire the thyratron and thereby
energize the count relay, causing
the counter to register the next
step number. This roundabout
method for obtaining the step num-
ber is used so that the counter
reading will always correspond to
the rotary-switch position, even if
the latter should lose a step for any
reason.

On the other hand, the ground-
ing contact on the step relay, which
connects to the relay amplifier in-
put, causes the step impulsing to
repeat until the cycle is completed.
This combination makes for high
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reliability of stepping and indicat-
ing. If a test is unacceptable, so
that no positive voltage appears at
the relay amplifier input, all step-
ping ceases. However, if the count
relay does not operate at least once
every 5 seconds, replacing the neg-
ative charge on C, leaking off
through R, the 6C4 conducts and
causes energizing of the alarm
system.

At the completion of the tenth
test, rotary switch S,, steps to posi-
tion T, causing the pulse to be
transferred to the next switch,
stepping it from the original reset
position R to the first test position.
This avoids the necessity of em-
ploying separate stepping switches
or transfer relays and permits the
addition of an indefinite number of
selector switches.

Through the series circuit
shown, it is not possible for more
than one rotary switch to be
stepped to a numbered (or test)
position at one time.

Reset

At the end of the test series, the
adapter has the next test position
of the selector switch wired to the
auto reset terminal, dropping out
the start relay. This relay applies
a high positive input to the relay
amplifier so that the step relay im-
pulses rapidly - and continuously.

l | ITEST
! 'DELAY
i TO ALLOW
| % FOR TUBE
| TO BASIC | WARMUP)
) TEST !
! : SEl‘_\ECTOR: =
e ! 3 RELAY
Slarelk : TJIJCONTACTS
RETURN ! '\, )IMPEDANCE
; : So-cvoLt
GROUND e dSolr
GROY TEST
i - RESISTANCE
| _BRIDGE TEST
| STANDARDS [
1 & FTOLERANCE
[ L>i(-TOLERANCE
. | NORMAL)
]
d i
| =i L—>/STANDARD
PLATE : 1 INPUT
CATH- ;‘— )
ODE | !
: 2 ! BLOCKING
GRID Il(— ot — .- {_CAF‘ACITOR
i —4 o TEST INPUT
AL d =1} PONER RELAY
63VAC ! "} CONTACTS
1 1
§ :
FROM EQUIPMENT| ™ TO MASTER
| UNDERTEST | | UNIT
COUPLED TO ROTARY SOLENOID
IN MASTER UNIT

FIG. 6—Typical wiring form to test a
resistance-coupled amplifier

However, the return path from the
rotary solenoids is now through
switch 'S,;, instead of S,.. Since
the former is shifted one step
further than the latter, each switch
left on position T (or any other
position) is advanced in sequence
to B (reset). When all switches
reach R, within 2 seconds after the
completion of testing, a ground con-
nection is completed to R, remov-
ing the positive input signal and
stopping the operation until the
start button is again depressed.

Adapter Design

A form similar to that shown in
Fig. 6 printed with the switch sym-
bols, is used in adapter design to
provide a combination of work-
sheet, schematic and wiring dia-
gram. A separate sheet is used for
each selector switch.

In the example shown, the first
six tests check minus and plus
tolerances of the grid, cathode and
plate resistors of a standard resist-
ance-coupled amplifier stage. Posi-
tion 7 checks the upper impedance
limit on the cathode bypass capac-
itor. The plate voltage operating
limits are checked at positions 8
and 9, power being applied to the
circuit under test through the
relay connections indicated. Fi-
nally, the a-c signal at the plate is
checked at - position 10.
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Receiver undergoing test at Philips’ plant at the Eindhcoven television developm

emt laboratory

TV Receiver Operates On

ELGIUM, a country with two

languages, French and Dutch,
has adopted a bistandard television
system: one using 819 lines and the
other 625 lines. Thus it is possible
to rebroadcast tv programs from
France on 819 lines and from other
neighboring countries on 625 lines
without using a line-converter’
However, there are also locations
in Belgium where direct reception
of foreign television broadcasts is
possible; Dutch programs in the
North, German programs in the
East and French programs in the

TO_SQUND
DETECTOR

7-MC SOUND
AMPL STAGE

BUFFER
S [HconverTER
T2-POSITION 334 MC OR 404MC
TURRET-TYPE 27.75 MC OR
CASCODE TUNER 20.75MC
4 -STAGE PICTUR TO VIDEQ
B € — DETECTOR

I-F AMPLIFIER
1-F PIX CARRIER 38.9MC

FIG. 1—Diagram shows buffer sound
stage between tuner and converter.
Small trimmer capacitor switches reso-
nant frequency of tuned circuits in buf-
fer intermediate frequency sound stage
from 33.4 to 27.75 mc
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By W. WERNER

N. V. DPhilips’ GQloeilampenfabrieken
Eindhoven, The Netherlunds

South. The same holds for other
regions along the French and Bel-
gian  borders. A receiver was
therelore developed which would be
capable of receiving four different
tv systems: the Gerber (named for
chairman of CCIR committee) the
French and the two Belgian.
Because f-m as well as a-m sound
has to be received, an intercarrier-
sound syvstem was out of the ques-

tion without resorting to compli-
cated switching. In the French
system the separation between pic-
ture and sound carriers differs
from that for the other three sys-
tems. It would have been possible
to use a separate i-f amplifier with
greater bandwidth in the case
where the receiver was used for the
reception of a French channel. Be-
cause the video bandwidth for the
Belgian 819-line system is limited
by the separation of 5.5 mc between
the two carriers, it was decided to
use the same i-f picture amplifier

Channel width. ... .. .. 7

Carrier separation. .. . . ‘ 55
Picture modulation neg
Sound modulation = f-m
Number of lines. . 625

Syne signal. ...

‘ (Gerbere | Belgian [ | Belgian Il French
7 7 v13.15 mc
5.5 5.5 11.15 mc
pos pos pos
a-m a-m a-m
625 819 819

substantially as RETMA

signal field
sync pulse of

40 percent
line duration

Aspect ratio = 4:3

Furkey and Spain.

In all four systems the number of frames is 25 per sec and a 2:1 interlace is used.

«—System adopted by: Norway, Sweden, Finland, Denmark. Western Germany,
The Netherlands, Luxembourg, Switzerland, Austria, Italy, Yugosfavia,

»—Exception: Paris and Lille transmitters have 14-mc channel width.

Table I—Specifications of Four TV Systems

www.americanradiohistorv.com
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Ell four-system receiver controls located on front of chassis

Detail of chassis construction in four-system receiver

Four System Standards

Twenty-two tube receiver operates on Gerber, I'rench and both EBelgian television

systems. Same i-f picture amplifier is used for all feur

necessarily better than 50 db since three of the systems

for all four systems. Severzl tests
proved that the resulting degrada-
tion of the picture was far less than
would be expected from the reduc-
tion of the video bandwidth.
Because three of the four sys-
tems use a-m sound modulation, the
rejection of the accompanying

8+

B+ 7me 1
n  HEPTODE
QUTPUT
27K TecHsy
w3 == ==
g7 [ =—

's] w T
~ X =
o =
”5 Y 3 TS o 47K
13L 12 ST 150
iy g
i {L

8+

sound had to be at least 50 db. The
available video bandwidth thus he-
came 4.25 mc. A separate i-f sound
amplifier had to be used; the sound
i-f being taken off directly afier
the tuner.

Suitable i-f carrier frequencies
for an E-— channel were found to

systems. Sound rejection is

employ a-m sound

be 38.9 mc for picture i-f and 33.4
mc for sound i-f. Keeping the i-f
picture carrier at 38.9 mc for the
reception of a French channel
would mean that the i-f sound-car-
rier frequency would becoms 38.9
— 11.15 = 27.75 mec.

It is not easy to design an f-m

LAST SOUND I-F

7MC

L 1

K=X 1,000

FIG. 2--Converter
heptode ECH 81

stage uses triode-
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FIG. 3-—Sound-detector stage uses diodes V, and V: in a radio-detector circuit

tuned to the 7-mc sound if

www.americanradiohistorv. com
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Table II—Channel Allocation in Gerber TV System Table III—French TV System Channel Allocation

. | | .
‘ Picture Sound Picture Sound
Channel Mec¢ carrier carrier Channel | Me carrier carrier
E 2uzam viie 47— 54 48 25 53.75 F 2. . opagi. | 41.00- 54.15 52.40 ' 41.25
K 3 cawatrion 5 54~ 61 55.25 60.75 F3. ... . . .. 54.40- 67.55 56.15 67.30
Ea. ... .. ... | 61- 68 62.25 67.75 F4.. . 54.15~ 67.30 | 65.55 54.40
E5 ... 174-181 | 175.25 180.75 Fs.... .. o] 162.25-175.40 | 164,00 | 175.15
Eé6. ... .. .. 181-188 182.25 187.75 Fé6. ... . .. .| 162.00-175.15 173.40 162.25
E7...... ... 188-195 189.25 194 .75 ) i T T p—— | 175.40-188.55 ‘ 177.15 l 188.30
ES8 ... 195-202 196.25 201.75 F8.. .. .. 175.15-188.30 186.55 175.40
E9. 202-209 203.25 208.75 F8A.. . . 173.85-187.85 185.25 174.10
E10.... .. 209-216 210.25 215.75 Fo . ... .. ‘ 188.55-201.70 190.30 | 201.45
1 DL LS — 216-223 217.25 222.175 Flo..... .. .. 188.30-201.45 199.70 188.55
Fli.... ... . 201.70-214. 85 203.45 214 .60
. ) } } Flz. ... ... .. 201.45-214..60 212.85 201.70
Italian channels: E4, E1A, E5, E7A, E8A, E10 l |
| ‘ F8A used for Paris and Lille only; F2 not likely to be used.
E4A... .. .. 81- 88 82.25 87.75
E7A........ . 191-198 192,25 197.75 Any twelve of the channels (Table II, III) can be accom-
E8A..... ... 200-207 201.25 206.75 modated in the 12-position turret-type channel selector of
the 4-system receiver by inserting appropriate coil strips.

detector for a frequency of 33.4
mc. It was therefore decided to
convert the sound i-f to a frequency
of 7 mc by using a second oscillator
with a frequency of 40.4 mec for
reception of an E— channel and a
frequency of 20.75 mc for reception
of a French channel. This fre-
quency of 7 me was chosen because
the second oscillator frequency of
40.4 mc then fell in the adjacent-

FROM
VIDEO AMPL

047
CRT
4
52.2»( )
>
220K L
0047 220K
" -
V%Y 100K L
8+ K=X1,000 BRIGHTNESS

FIG. 4—Positive and negative modula-
tion of the picture information in the
four-system receiver requires switching
arrangement shown

sound trap provided in the i-f pic-
ture amplifier.

Nevertheless, it was not feasible
to put this converter directly after
the tuner, because too much oscil-
lator voltage was still coupled into
the i-f picture amplifier resulting
in a 1.5 mc interference pattern in
the picture. Therefore, a buffer
i-f sound stage was used between
the tuner and the converter. The
resonance frequency of the tuned
circuits in this stage is switched
from 33.4 to 27.75 mc by adding a
small trimmer capacitor. Figure 1
shows a block diagram of this part
of the receiver.
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Figure 2 shows the schematic
diagram of the converter. The tube
is a triode-heptode with the third
grid of the heptode-converter con-
nected to the first grid of the triode-
oscillator.

Sound Switching

Switching from f-m to a-m sound
takes place in the sound-detector
stage shown in Fig, 3. The triode
of a triple-diode triode PABC 80
(6T8) 1is used as an audio-fre-
quency amplifier. Two of the di-
odes, V, and V., are used in a ratio-
detector circuit tuned to the 7-mec
sound i-f. The third diode, V.,
serves as a delay for the sound
agce voltage applied to the first
sound i-f buffer stage.

In the a-m position of the
switches, the resistance in series
with the anode of diode V, and ca-
pacitor C is increased. The de-
tected a-m sound 1is taken off
through the germanium diode,
which then functions as an inter-
ference limiter for pulses above
100-percent modulation level.

Three of the four tv systems
under consideration have positive
modulation for the picture informa-
tion. In the anode of the video-out-
put tube the sync pulses are posi-
tive when the receiver is switched
for reception of the Gerber system.
Therefore, the video signal is ap-
plied to the cathode of the picture
tube. In the reception of a tv sig-
nal with positive modulation the

(—\QM/_‘ TO CRT
0.47 10K [0]0]
-AAAs §—— 70 SYNC CLIPPER
NEGf POS
° 2

22K
27K

220

560K

PULSES

AGC

5 120K

FIG. 5—~The agc voltage, with negative modulation, is determined by the sync-tip
level of the video signal across the cathode resistor of the video-output tube
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video-output signal is switched to
the grid of the picture tube. In
both cases no d-¢ component is
present in the signal on the picture
tube. Figure 4 shows the switch-
ing arrangement and Fig. 5 the
switeching arrangement for sync
take-off.

The first sync clipper, Fig. 6, is
of conventional design for positive-
going sync pulses. For signals with
negative modulation the signal ap-
plied to the sync clipper is taken
off the anode of the video-output
stage, whereas in the case of sig-
nals with positive modulation the
syne clipper obtains its signal from
the cathode of the video-output
stage through a grounded-grid tri-
ode amplifier. This triode is one
half of a double-triode ECC 82
(12AUT) ; the other triode is used
as diode in amplified age circuit.

AGC Circuit

The receiver is equipped with
amplified picture age. With nega-
tive modulation, the sync-tip level
of the video signal across the
cathode resistor of the video-output
tube determines. the age voltage.
With positive modulation, age volt-
age is determined by the peak-
white level. Figure 5 shows the
circuit diagram. The EF 80
(6CB6) agc amplifier is nsed as a
grounded grid amplifier with its
cathode connected to the cathode of
the video amplifier tube. It has a
short grid base (sharp-cutoff), due
to the low voltage on its screen-grid.
The  video-detector is  direct
coupled to the video-output tube.
With negative modulation its anode
current at the sync tips decreases
with increasing signal strength.
The corresponding voltage level at
the cathode of the age amplifier also
decreases until the age amplifier
starts drawing anode current dur-
ing the sync pulses.

The anode voltage of the age
amplifier is obtained by rectifying
horizontal flyback pulses by a diode
formed by the grid and cathode of
one half of a double-triode. When
the anode current of the age ampli-
fier increases with increasing sig-
nal strength the negative agc volt-
age also increases. In case of sig-
nals with positive modulations, the
agce amplifier starts to draw current
on those parts of the signal corres-
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FIG. 6—Sync clipper circuit details

FIG. 8—Horizontal output stage
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FIG. 7—Horizontal-sweep generator employs triode-pentode in multivibrator circuit

ponding to peak-white in the pic-
ture. Contrast control is obtained
by changing the screen-grid poten-
tial of the video-output tube.

Horizontal Sweeps

The horizontal-sweep generator,
Fig. 7, is of conventional design.
A triode-pentode is used in a mul-
tivibrator circuit with a stabilizing
resonance circuit in the anode. The
frequency is controlled by a voltage
obtained from a balanced discrim-
inator with two germanium diodes
by comparing the phase of the hori-
zontal-syne pulses with respect to
a sawtooth voltage from the hori-
zontal-output transformer. When
switching from 625 to 819 lines the
inductance in the stabilizing circuit
is reduced and the time constant
in the grid circuit of one of the
triodes is altered.

The horizontal-output stage, Fig.
8, is changed from 625 to 819 line
operation by shorting out a series
dropping resistor in its B4 supply.
For 819 lines, the anode-supply volt-
age is the full B+ voltage of 240
volts. For 625 lines, this anode
supply is reduced to 180 volts by
the series dropping resistor. When

switching from 625 to 819 lines the
boosted voltage increases from 500
to 650 volts. As this voltage is
also used for feeding the vertical-
sweep oscillator and the vertical-
output stage, a series dropping re-
sistor is switched in when the re-
ceiver is operated on 819 lines.

The high voltage for the picture
tube is obtained in the conventional
way by rectifying the flyback
pulses. No switching is necessary
in this part of the circuit. For 625
as well as 819 lines the high voltage
is 14 kv at a load of 50 wamp. The
internal resistance is 10 megohms.

The receiver contains 21 tubes,
four germanium diodes, one picture
tube and a selenium rectifier for the
B4 supply. The photographs show
the seven ganged switch wafers
and the four-position control knob.

Many engineers have been ac-
tively engaged in the development
of this receiver, in particular:
Messrs. Kerkhof, Berkhout, Jans-
sen and Kollenburg of the televis-
ion development laboratory.

REFERENCE

(1) J. Haantjes and T. G. Schut, A line
converter for the International Exchange
of TV Programs, Philips’ Technical Re-
view, May 1954.
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Precision Potentiometers

Resistance elements made from deposited metallic films, conductive plastics or lossy

liquid dielectrics give infinite resolution, greatly increasing the scope of applications.

Other new design and construction techniques give increased life and reliability

RECISION potentiometers differ
from conventional radio vol-
ume controls by their inherent fea-
tures of higher accuracy, freedom
from overt electrical noise, longer
life (usually 1 million cycles at 60
rpm or less), lower torque and more
rigid tolerances on both electrical
and mechanical parameters.
Precision potentiometers are gen-
erally used to convert mechanical
activity—usually rotation but also
translation—into an electrical volt-
age. Whereas volume controls,
variable resistors and rheostats, as
used in electronic circuits, are made
to loose tolerances either because
they need not be calibrated or be-
cause they operate under such
varying conditions as to make cali-
bration meaningless, precision po-
tentiometers are so incorporated in
the circuit as to serve a calibrated
purpose and to operate under suffi-
ciently stable conditions so that
calibration is feasible.

Examples of Applications

Potentiometers can be used in
circuits to add, subtract, multiply
and divide. Wire-wound units made
by Helipot and others have long
been available with nonlinear wind-
ings which produce logarithmic,
hyperbolic, square root and trig-
onometric functions.

Previous Articles in Series
Part : Fixed Capacitors Undergo Min-
iaturization, p 120, July 1954

Part Il: New Variable Capacitors Ex-
tend Tuning Range, p 130, Aug, 1954

Part 11i: Fixed Resistors Show Stability
Improvements, p 132, Sept. 1954
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Miniature Fairchild potentiometer with metallic-film element provides esiemiclly
infinite resolution, is stable to 225 C and can be produced in a wide range of resis-
tances for applications requiring high accuracy

Precision potentiometers are fre-
quently used as mechanical ampli-
tude modulators. For some appli-
cations it is desirable that the
wiper rotate continuously through
360 degrees in which case the wind-
ing may itself be continuous or
have an interruption making the
electrical contact angle something
less than the 360-degree mechan-
ical rotation.

Specialized uses of potentiom-
eters as in analog computers have
led to the development of differ-
ential computing potentiometers. In
such a unit a linear winding is ar-
ranged to rotate as well as the
wiper, both through 360 degrees.
For example, instead of using term-
inal lugs, the Fairchild D-C-P dif-
ferential computing potentiometer
provides external connections to
the winding ends and wiper by
means of three silver slip rings
molded on the body. This arrange-
ment makes possible the measure-
ment of two variables directly in a
single instrument. The voltage
output is proportional to the sum

WWW americanradiohistorv.com

or difference of the two input vari-
ables—the angular movements of
the body and of the shaft.

As the reliability of potentiom-
eters increases, they are finding use
as information transmitters in
place of variable transformers,
variable capacitors and photoelec-
tric devices. In such applications,

B
8
/|

| 25000 OIS PER SQUARE FOR
| IMEG UNIT; AVERAGE CHANGE -
1S-7.5% AFTER ),000 HOURS
"\ AT 225C AND+ 1% AFTER
N\ |l000 HOURS AT FULL LOAD
0000—— | Ny —

©
2

RESISTIVITY IN OHMS PER SQUARI

=3
>

~2000 -1000 0 +1,000
TEMPERATURE  COEFFICIENT OF RESISTANCE
IN PPM PER DEGREE C

FIG. 1—Typical relation between tem-
perature coefficient of resistance and re-
sistivity of Fairchild film unit
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Use New Materials

By FRANK ROCKETT

Research and Engineering Division
Airborne Instruments Laboratory, Inc.
Mineola, N. Y

Markite conductive plastic rotational and strip-type translational potentiometers pro-
vide long life and infinite resolution. For strip-type unit. taps molded into back of re-
sistive element (bottom) leave corductive track (top) clear for slider in center

potentiometers are frequently more
compact and weigh less than simi-
lar information transmitters. Cir-
cuits can be arranged to make full
use of their inherent accuraey and
to avoid cumbersome mechanical
lears, cams and linkages.

New resistance materials and
new construction techniques have

been developed in the past few
years to broaden greatly the scope
of applications for precision poten-
tiometers. Some of these new de-
signs will be discussed with a repre-
sentative example in each case, to
give a quick picture of what is now
available to engineers for incorpor-
ation in electronic products.

TRANSLATORY
MOTION
INPUT— — -
SHAFT
MOTION

OQUTPUT
———

VOLTAGE
L
MOVABLE =
ELECTRODE.-
GROUNDED—
FIXED
METALLIC CAN j L.
LIQUID
BIELECTRIC
EXCITATION ~MEDIUM
el
VOLTAGE

SHAPED

EXCITATON
——
VOLTAGE

Liuic
DIELECTRIC
MEDIUM

FIG. 2—Liquid dielectric potentiometer provides infinite resolution. Capacitance to
output electrode varies in same ratio as does resistance, hence time constant is

substantially unchanged by rotation
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In a wire-wound potentiometer
the resistance to the slider varies
in small steps as the slider moves
from one turn to the next of the
resistive element. The amount of
this step change in resistance is the
resolution of the potentiometer, and
is inherently related to the size of
resistance wire used.

Metallic Film Units

Newly introduced film potenti-
ometers employ a construction giv-
ing what is commonly referred to
as an infinite resolution. The film
units have therefore served to
broaden considerably the scope of
applications for potentiometers as
transducers for servomechanisms
and for telemetering.

With a resistive film there are
an infinite number of positions of
contact by the slider on the resist-
ance element, with a corresponding
infinite number of outputs of elec-
trical voltage. This assures free-
dom from hunting or oscillation of
a servo due to the inability of the

N
FIXED BRUSHES

SLIP RING

FIG. 3—Sine-cosine potentiometer made
by Rawson Electrical Instrument Co.
uses linear resistance card
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® Metal films thermally evaporated onto glass withstand up to 225C

® Long-wear conductive plastic elements have integrally molded taps

e Straight-line resistance elements translate linear motion into

voltage changes

* Liquid resistance elements approach infinite resolution and have

flat response from 50 cps to 1 mc

balancing potentiometer to find a
null.

INlustrative of the properties that
can be built into a film potentiom-
eter is the recently announced
FilmPot of Fairchild Camera and
Instrument Corp. This potenti-
ometer is built in an unusually
small size, being only 0.75 inch in
diameter and 0.5 inch long. Within
this case a wide range of resistance
is possible. Currently available
units include resistances from 100
ohms to 1 megohm =10 percent.
Independent linearity can usually
be maintained to 0.5 percent, can
probably be improved to half this
value by further control, and re-
duced to 0.1 percent by selection.
Noise is rated at 400 mv or less;
units can be furnished with torques
as low as 0.1 oz-in.

Another outstanding feature of
the metallic film potentiometer de-
posited on glass is its ability to
withstand high temperatures. The
unit is electrically and thermally
stable to hot spot temperatures of
225C; units with resistances to
500,000 ohms are capable of dissi-
pating 3 watts at 100C and are
derated linearly to 0 watts at 225C.
Due to voltage breakdown limita-
tions, rated dissipation decreases
linearly for higher-resistance units
to 1 watt at 1 megohm. The poten-
tiometer resists corrosion even at
these high temperatures. Materi-
als used in the unit are precious
metal alloys, glass and high-tem-
perature plastics and lubricants.

Thermal and electrical stability
of a metallic film are better at lower
resistivities. The relationship of
resistivity to temperature coeffic-
ient of resistivity differs for film
materials; the curve presented in
Fig. 1 is for the material used in
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one commercial potentiometer.
There is an intercept at which films
of 600 ohms per square have an
average temperature coefficient of
zero. Marked on the curve is the
range over which temperature co-
efficient of resistivity is within 0.03
percent of zero.

The state of the film potentiom-
eter art indicates that quantity pro-
duction of such units is in the fore-
seeable future. Prices are likely
to be within the ratio of their per-
formance compared to the price and
performance of wire-wound units.

Using artificial or natural graph-
ite depending on desired character-
istics, manufacturers are develop-
ing precision adaptations of carbon
film potentiometers. Units from
Elektro-Serv Co. display a temper-
ature coefficient of resistance of
*0.01 percent per degree C at
normal ambients, are rated for 2
watts to 50C and are derated to
zero at 65C. Terminal resistances
range from 1,000 ohms to 2 meg-
ohms, with tolerance of =1 percent
if required; independent linearity
is normally =+1 percent. Sufficient
pressure (25 to 50 grams) of the
gold wire wiper is used to keep
noise comparable to the inherently
low thermal noise of the controlled
composition resistance track, yet
the pressure is light enough to
achieve a rated life of a million
cycles at 100 rpm. Dual takeoff
from the buffed silver slip ring of
the rotor also contributes to low
noise, low inductance and low
torque (0.5 oz-in. per section with
ball bearings).

Conductive Plastic Units

For applications requiring long
wear and high resolution, potenti-
ometers whose resistive tracks are

of solid conductive plastic are in-
tegrally comolded by Markite Corp.
with terminals and taps to a rigid
mineral-filled phenolic insulator
support. The low coefficient of fric-
tion combines with extreme wear
resistance of the smooth track to
permit use of relatively high brush
contact pressure without incurring
excessive torque or short life. As
a consequence such units provide
quiet operation even in the pres-
ence of substantial vibration and
acceleration.

Manufacturer’s tests at 600 rpm
showed an increase in resistance of
25 to 30 percent after 236-million
revolutions; noise and linearity re-
mained substantially unchanged.
As a consequence of these and of
customer tests, units are guaran-
teed for 5-million revolutions at up
to 600 rpm with a resistance change
less than 3 percent and a linearity
change less than 0.1 percent. Reso-
lution is better than 0.00004 inch.
Because taps are molded into the
resistive track below the surface
contacted by the slider, they intro-
duce negligible tap dead space.
Units are rated at 0.75 watt per
linear inch of resistive track at
20C and half this at 80C. Standard
independent linearity is +0.5 per-
cent to 20,000 ohms, or *=1.0 per-
cent to 100,000 ohms; overall re-
sistances go up 100,000 ohms =10
percent; torque with ball bearings
is below 0.5 oz-in. The plastic re-
sists corrosion even in a moist
chlorine atmosphere. Temperature
coefficient of resistance from 0C
to 100C is about —0.00035 ohm per
ohm per deg C.

An unusual application of such
conductive plastics is in function
generators for analog computers.
The extreme resolution and long life
of the potentiometer element are
desirable characteristics. In addi-
tion, the wunit is not subject to
abrupt failure during computation
and, if worn excessively in one
region because of the nature of a
generated function, can be resur-
faced with but slight change in
overall resistance,

Another approach to infinite
resolution is to use a liquid as the
resistive element, as in a water
rheostat. Depending on the me-
chancial arrangement, the unit can
respond to translatory or rotary
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Typical assembly of ganged potentiometers, as made by George
Rattray & Co. Inc. All wivers mount on single shaft to avoid back-
lash. Clamp rings enable units to be phased individually

motion. As being developed by
Technology Instrument Corp., such
a potentiometer employs a lossy
liquid dielectric as the resistive ele-
ment in which are mounted fixed
and movable electrodes as shown in
Fig. 2.

Liquid Potentiometers

Because capacitance to a movable
electrode in liquid varies in the
same manner as the resistance to
it from the fixed electrode, the time
constant of the potentiometer re-
mains constant as it is varied, thus
providing broad bandwidth. The
voltage divider so formed is rated
for flat amplitude response and
zero phase shift from 50 cps to
1 me.

In the unit responding to linear
motion, one or more electrodes
translate. The total excitation volt-
age is placed between the grounded
metallic can and insulated fixed
electrode. By shaping the elec-
trodes and the can, linear or non-
linear functions can be produced.

In the rotary type, the excitation
is applied across two fixed vanes; a
third fixed vane acts as the take-off
electrode. The rotating vane thus
requires no sliding metallic contact.
By shaping the vanes the resistance
function of shaft rotation angle
can be varied.

A number of liquid dielectrics
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have been tested successfully.
Methyl alecohol is commonly used
for its stable impedance level. It
produces no corrosion or electroly-
sis when used with aluminum elee-
trodes at frequencies above 10 cps.
By selection of electrolytes, resist-
anceg from a few hundred ohms
to several megohms have been
achieved in units operable to 100
volts.

Sine-Cosine Potentiometers

Several types of potentiometers
are available whose resistances
vary sinusoidally with the angle
of shaft rotation. One such pre-
cision wire-wound potentiometer
provides two output voltages accu-
rately proportional to the sine and
to the cosine of the shaft rotation
angle. The design in Fig. 3 is
based on a wire-wound linear flat
card mounted on a rotating plat-
form. The ends of the winding are
connected to the execitation voltage
through slip rings. Four output
brushes are arranged in quadrature
on a circle of rotation on the wind-
ing. As the card rotates, each pair
of brushes traces the circle on the
wire, picking up a sinusoidal out-
put voltage or resistance. This
construction results in the desired
output function from a simple
linear winding that can be wound
very accurately.

U —

Typical Fairchild servo application uses ganged precision poten-
tiometers at right for accuracy and general-purpose potentiometers
at lett for gross control

When the winding is excited by
direct voltage, the brushes give
output voltages that vary sinu-
soidally as the shaft is turned. The
peak value of the output is about
12 percent less than the exciting
voltage. The output voltages oscil-
late plus and minus in polarity and
are balanced about the potential at
the center of the winding. The po-
tentiometer is thus a mechanical
generator of low-frequency sine
waves suitable for a variety of re-
search problems.

If excited by alternating voltages
up to 155 volts at frequencies up to
1 me, the excitation signal can
be modulated by shaft rotation. The
expected life of this potentiometer
is 350,000 revolutions; maximum
recommended speed of rotation is
1 cycle per second; amplitude ac-
curacy is =1 percent maximum;
the output wave form is within 1
percent of the peak value at any
point of a pure sine or cosine wave;
resistance within the brush circle
is 14,000 ohms =10 percent; the
winding is rated at 1.5 watts at
65C.

If, by analogy with the linear
potentiometer, resolution is consid-
ered as the change in resistance
from a reference point on the wind-
ing (center of the brush circle in
this case) to any single brush, for
each equal increment of brush rota-
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® Flat-card windings give sinusoidal output

tion the number of wires crossed
will vary from a maximum when
the brush is moving perpendicular
to the direction of the winding to a
minimum when it is moving paral-
lel. However, the resolution which
is ultimately of interest is the angu-
lar magnitude of the finite steps by
which the resultant vector rotates.
The poorest resolution occurs when
the brushes are moving at an angle
of 45 degrees with the winding.

A miniature precision sine-cosine
potentiometer recently announced
by Computer Instruments Co. is a
carbon film unit. The track is laid
down by an evaporation technique
which, because of the control af-
forded, is used to produce both
linear and nonlinear functions.
The infinite resolution and compa-
ratively low noise characteristics of
the film enable the potentiometer to
be operated at high speeds., As a
consequence the potentiometer is
guaranteed for a life of a million
cycles at 100 rpm. Some engineers
have used it to 3,600 rpm. Lowest
noise is achieved with these units
when operating as pure voltage di-
viders into relatively high-imped-
ance loads. The potentiometer, 1%
inches in diameter by 1} inch in
length and weighing only 1 ounce,
can be excited with either direct or
alternating voltages.

Factors Affecting Torque

Because of the manner in which
precision potentiometers cooperate
with mechanical movements, their
mechanical characteristics are
quite as important as their electri-
cal characteristics. The torque
necessary to rotate the shaft of a
potentiometer is of particular im-
portance. Except in cases where a
torque resistor is used to add stiff-
ness in the presence of vibration,
low torque is generally desirable.
Usual starting torques are less than
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Carbon-film sine-cosine units operate at high speed with low noise
Starting torques can be under 0.5 ounce-inch

New phasing adjustments improve performance of ganged units

1 oz-in. per section. Half of this is
obtainable; it rarely exceeds 2 oz-
in., but with special seals or locks
may be 8 oz-in.

In achieving the inherent preci-
sion of a potentiometer, it is desir-
able that the torque also be free
from variations such as binding or
extreme differences between start-
ing and running torque. The lower
the torque, the less the power re-
quired to drive a potentiometer and,
in general, the more compact the
equipment.

Torque is developed in several
ways—by the inertia of the rotat-
ing parts of the potentiometer, by
the friction of the shaft in its bear-
ings (usually slip rings, although
in special applications ball bearings
may be used) and by the action of
the wiper or sliding contact. The
wiper must necessarily bear on the
resistance element with sufficient
force to assure positive electrical
contact, and thus a friction com-
ponent at the end of an arm of
substantial length is developed.

To maintain low torque, parts are
precision machined and assembled;
materials are used that are congen-
ial in their friction relationship
and in their temperature, humidity
and other environmental behaviors.
The mounting position of the poten-
tiometer may influence its torque;
the wear of parts due to operation
can either increase or decrease
torque. The assembly and align-
ment of a potentiometer in its
mounting and in relation to its
drive can vary the torque especially
if there is radial shaft play. To ob-
tain low torque a combination of
small diameter resistance element,
small short shaft and a light con-
tact wiper are used. Lubricants
on the winding may reduce torque
at some temperatures but usually
increase it at others. With stain-
less steel ball bearings, a starting

torque of 0.1 oz-in. is possible.

The requirements of mounting
squareness, low radial shaft play
and the like are also important in
reducing torque. However, unless
the conditions under which the po-
tentiometer is to be installed and
operated will preserve these refine-
ments, the additional cost of ex-
treme efforts to reduce torque may
be unjustified. For example, the
mounting squareness of the poten-
tiometer cup on the mounting sur-
face or base plate depends as much
on the care with which the potenti-
ometer is mounted in the equipment
as upon the construction of the
potentiometer itself. If the shaft
is not square with the mounting
surface, there will be an increased
torque. In addition, the wiper arm
attached to the shaft will be out
of alignment, thereby causing a
change or deviation in linearity
which may disrupt the electrical
function of the potentiometer.

Concentricity of the shaft of a
potentiometer in relation to the
mounting place and specifically
with relation to the winding is
essential so that the winding and
pilot bushings have a common
center. Even small eccentricities
may offset the precision of the
potentiometer. Eccentricity causes
the indicated rotation to differ
from the true rotation by an angle
the size of which is a function of
the eccentricity. For example, a
precision potentiometer with a 2-
inch radius and an eccentricity of
but 0.02 inch has a percentage error
due to eccentricity alone of =+0.18
percent. Thus the eccentricity
error can nullify the accuracy in-
herent in the precision winding of
a potentiometer.

Radial shaft play has somewhat
the effect of a fluctuating eccentric-
ity. It not only causes a change in
linearity but a change in torque
and, in extreme cases, may vary the
electrical contact resistance at the
wiper arm. Hunting and backlash
in servomechanisms are frequently
traced to radial play.

Where more than one output is
desired from a single shaft, sev-
eral potentiometers can be ganged.
For this purpose a variety of units
are available, including specially
cupped units that can be ganged in
any combination and are easily
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changed or replaced. As many as
twenty separate functions are ob-
tained from a ganged unit having
a single shaft.

Ganged Potentiometers

Ganged units must be phased
relative to one another. This can
usually be accomplished by loosen-
ing the retaining bands on the
ganged unit and rotating each cup.
In this way each unit of a gang
is set so that its zero electrical posi-
tion corresponds with the zero elec-
trical position of other units in the
gang.

Some styles of potentiometers
can be ganged by removing one
cover plate. The adjacent cup then
completes the case so that there is
no waste space between cups; the
gang approaches a solid structure
with its consequent rigidity yet any
one cup can be replaced during
development or maintenance with-
out dismounting the others. Where
the rotation of subsequent units in
a gang is produced by a drive
through a coupling such as an ec-
centric pin, backlash between units
can be held below 0.05 degree per
section.

In use, potentiometers may be
rotated at a variety of speeds. At
excessive speeds increased wiper
wear may produce arcing or loss
of contact, along with increased
noise. The life of the unit may be
shortened as measured in cycles of
operation; radial shaft play may
increase rapidly due to the higher
accelerations, with resultant mis-
alignment. High temperature rise
may increase the overall resistance
of the winding. (Temperature
coefficients of resistance wire are
in the vicinity of 0.002 percent per
degree C.) The wire of the re-
sistance unit may fail due to the
pounding effect of the wiper arm.
If it is anticipated that a potentio-
meter will operate at high speeds,
special wiper assemblies and ball
bearings for the shaft are de-
sirable.

Electrical Characteristics

The most important electrical
characteristic of precision potentio-
meters is the deviation or difference
between the actual electrical out-
put and the output specified by the
electrical function of shaft angle.
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Setup used at Helipot for recording linearity of single unit. ganged unit and large
tapped unif under test at left, by automatic comparison with master precision
potentiometer at right center. At top can be seen some of the trim potentiometers
that have been pre-set to insert voltage in series with master pot at 360 points to
give tester daccuracy within 0.003 percent. Gear train gives correct drive for
models having from 1 to 40 turns, in phase with 40-turn master

Deviation is expressed as the elec-
trical output minus the reference
electrical cutput.

Resolution has been mentioned as
a measure of the accuracy to which
a potentiometer can be set. The
maximum incremental change in
resistance or voltage output ob-
served anywhere in the total mech-
anical motion or rotation of the
potentiometer shaft (or a speeified
portion of it), when multiplied by
100 and divided by the total re-
sistance or voltage (or speecified
portion of it), is the percentage
resolution of a potentiometer.

Linearity is the deviation ¢f the
curve of actual resistance of a
potentiometer versus shaft angle
from a strzight line for a linear
resistance unit. Various types of
linearity are used and are defined
and named slightly differently by
different manufacturers.

Noise 1is also an impartant
characteristic of potentiometers,
especially in applications that neces-
sitate achieving the ultimate per-
formance from the units. Noise is
measured quantitatively in terms
of an equivalent, parasitic and

transient contact resistance ex-
pressed in ohms that appears be-
tween wiper and the resistance
element when the shaft is rotated.
Equivalent noise resistance is con-
sidered independently of the total
winding resistance; in wire-wound
potentiometers it is in the vicinity
of 150 ohms maximum.

Factors Influencing Noise

In specific instances where noise
may be defined as any electrical dis-
turbance or signal which tends to
interfere with the generation or in-
dicating characteristics of the po-
tentiometer, noise should be more
specifically related to such op-
erating conditions as applied volt-
age, load resistance, speed of ro-
tation and load current. In such
instances noise may be measured
in millivolts.

Among the contributions to the
noise of a precision potentiometer
is contact resistance noise appear-
ing at both wiper contacts and at
slipring contacts; this noise is
generated through the constriction
resistance get up when current flows
through two separate pieces of
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¢ Independent linearity can be as low as 0.1 percent for single-turn
units and better than 0.025 percent for multiturn units

® Paliney alloy contacts withstand over 2,000,000 cycles of opera-

tion without affecting linearity

® Small load currents help maintain low contact resistance

e Servo-controlled winding machines give greatly improved linearity

® Bellows-driven unit withstands shocks up to 30 g without perma-

nent damage

metal joined only at a point. The
load current flowing through a
fluctuating contact resistance pro-
duces a loading noise, expressed in
ohms as a peak variation in that
contact resistance.

Shorting noise is the noise due
to winding current as the wiper
shorts turns in its passage along
the winding. It is proportional to
winding current, the resistance per
turn of wire and the resistance
of the contact. Variations in con-
tact resistance also cause noise.
Thus, shorting noise is closely con-
nected with resolution.

Resolution noise is the sawtooth
voltage superimposed on the func-
tional output of the potentiometer
caused by resistance to flow of load
current by the winding. Resolution
noise is proportional to the re-
sistance per turn of the resistance
wire and to the load current; it, too,
is expressed in ohms.

Transient noise is that due to
foreign material coming between
the wiper and winding. Foreign
material may be dirt or an oxide
film which develops on the winding.

Generated noise is caused by
heat or friction of two metals
rubbing against each other, such
as the wiper contact and the wind-
ing. Accompanying this noise is
thermocouple noise consisting of
the potential developed in a circuit
composed of dissimilar metals with
junction points at different tem-
peratures.

Noise associated with excessive
rotational speed is caused by the
sliding contact rising clear of the
winding momentarily.

Circuit design influences some
of these noises. Wiping action
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combined with a small load current
(about 1 ma) may help to main-
tain low contact resistance.

Multiturn Potentiometers

resolution beyond
that obtainable in a single-turn
potentiometer, the multiturn de-
sign has long been used by Helipot
and others. As one example, in the
ten-turn precision Micropot (Borg
Equipment Division), the total re-
sistance ranges from 10,000 to
40,000 ohms and linearity from
0.25 percent through 0.025 percent,
depending on total resistance and
the type of linearity specified. The
three-turn unit, with total re-
sistance about a third of that for
the ten-turn unit, has a percent
linearity about 3 times that for the
ten-turn potentiometer. Power dis-
sipation in the ten-turn unit is 5
watts at 40 C; for the three-turn
unit it is 8 watts at 40 C. In the
ten-turn unit the helix is about
49 inches long and consists of a
Kohlrausch winding (spiral wind-
ing on a spiral mandrel) of re-
sistance wire molded and locked in
place on a plastic mandrel. Poten-
tiometer units wound on insulated
copper mandrels give considerably
improved heat dissipation but in-
herently higher capacitance to
ground. The Paliney alloy con-
tact is reported to provide a life of
over two million cycles without af-
fecting linearity. Equal life with a
phosphor-bronze contact would in-
crease the percent deviation from
linearity to twice its initial value.

Constructional features of an-
other multiturn potentiometer are
shown in Fig. 4. This unit is based
on a design developed by IBM un-

To increase

der an Air Force project. The wind-
ing is sometimes described as a
violin-string type.

Automatic Winders

Automatic servo-controlled ma-
chines are being used by a number
of firms to achieve greater accuracy
in winding precision wire-wound
potentiometers, although details
may differ. The basic prineciple of
one of the machines is essentially
as shown in Fig. 5. This machine
is used by TIC to produce the IBM
design. A self-supporting tightly
coiled resistance element is formed
by winding uncoated resistance
wire about a mandrel which is im-
mediately removed. The result is a
flexible spring coil which is mounted
on a potentiometer base by a servo
correction technique that auto-
matically insures good linearity.

Before the coiled resistance ele-
ment is mounted, it is placed on an
intermediate spool under slight
tension. A multiturn potentiometer
base is next mounted on a base
plate having slip-ring take-off con-
tacts. This potentiometer structure
is mechanically complete and its
actual slider contact is clamped at
a fixed position. One end of the re-
sistance element is attached to this
potentiometer structure. An exci-
tation voltage is placed across the
resistance element and the voltage
of the clamped slider contact is
taken off by means of one of the
slip rings.

By rotating the potentiometer
base and the supporting spool, the
potentiometer winding is trans-
ferred from the spool to the base.
The potentiometer base is coupled
to a high-precision multiturn
master potentiometer. The voltage
from the fixed slider contact is com-
pared with that from the precision
master potentiometer. Any differ-
ence voltage drives the servo cor-
rection motor and causes the payoff
spool to speed up or to slow down
with respect to the potentiometer
being wound. This alters the tension
and thus the spacing of the turns
of the coiled potentiometer wind-
ing.

By this continuous method of
servo correction, multiturn poten-
tiometers are wound with lineari-
ties consistently better than 0.025
percent. Because the final potenti-
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FIG. 4—Multiturn potentiometer construction as used by TIC pro-
vides high resolution along with low noise and long life

ometer structure is used in the
process of correcting the winding,
compensation can be made for
changes in resistivity of the re-
sistance wire and minor eccentrici-
ties in the potentiometer mechan-
ical structure. If a prescribed
loading resistor is placed across the
potentiometer before it is wound,
compensation can be made auto-
matically by the servo correction
control so that the loaded potenti-
ometer will be highly linear.

Mechanical features of this
multiturn design include two ball
bearing supports near the extremi-
ties of the shaft which result in
a starting torque less than 1.3 oz-
in. and a running torque less than
1 oz-in. An internal lead-screw type
of limit stop withstands torques ex-
ceeding 100 pound-inches without
loading the precision slider or as-
sembly.

LOW SPRING CONSTANT
HYORAULICALLY FORNED BRASS
ELLOWS —
BEELD “] PAUNEY TIPPED
XOVAR GLASS 1 ¥IPERT CoNDUCTION-C00LED
WERNETIC Skl 2 / I RTENTIONETER
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s u T~ PRECISION
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7/ EREFERM
% ) SPRING
“ INTERHAL EVACUATED CASE FOR
ABSOLUTE PRESSURE PICKUPS ONLY

FIG. 6—Hermetically sealed potentiome-
ter made by Trans-Sonics, Inc. is actu-
ated by gas or liquid pressure through
bellows and bearing-free linkage: reso-
lution is 0.33 percent of full scale
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Precision potentiometers find
numerous and varied applications,
one example of which is shown in
Fig. 6. Here a Baroresistor em-
ploys hydraulic bellows to actuate
a precision wire-bound potenti-
ometer. The unit withstands shocks
up to 30 g; the only observable
change in resistance ratio occurs
along the axis of the potentiometer
winding, the change being in re-
sistance ratio of 2 to 3 percent but
without permanent damage.

The instrument operates over a
temperature range from —50C to
+80C over its full-scale pressure
range, which is from 0 to 14.7 psi.
The unit has been tested by the
manufacturer up to 200,000 cycles
with no evidence of wear or other
incipient failure. Measured tem-
perature sensitivity is 0.01 percent
per degree C. From 0 to 14.7 psi
absolute the accuracy is =2 per-

% = 3

FIG. 5—Servo control system used by TIC to correct winding
tension in accordance with error compared to master potentiometer

cent of full scale. There is hys-
teresis due to the bellows of less
than 2 percent of full scale. Ac-
celeration sensitivity is less than
0.1 percent of full scale per g. The
total resistance of the winding is
7,500 ohms +2 percent rated for 75
volts. Maximum winding current in
any part of the winding is 10 ma
continuous.

In summary, it can be expected
that the development of precision
potentiometers will continue under
the impetus of entry of an ap-
preciable number of manufacturers
into the field. This concerted effort
appears to be bringing safe oper-
ating temperatures to 150 C, pos-
sibly to 200 C. Units are more
sturdy today than heretofore; in
the future they may operate satis-
factorily during shocks up to 100
o and vibration between 1,000 and
2,000 cps.

1

bl

Typical of new wire-wound potentiometers designed to hold capacitances to minimum
is this General Radio unit using phenolic winding form, cup and cover along with
glass polyester shaft, for a-c linear-resistance applications. Tolerance is 2 percent
for 1.25-inch diameter units and 0.2 percent for 4.25-inch units
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The MICROWAVE
Market Picture

Point-to-point communications systems, exclusive of military, near 100 and extend almost

30,000 miles. Common carriers dominate field and have grown most rapidly. Pipelines

still lead private users, with power companies gaining rapidly

MAJOR development in post-war

electronics has been the appli-
cation of microwave equipment
in point-to-point communications.
Successful transmissions across the
English Channel were made in
1931, but installations by the Bell
System immediately after World
War II put microwave on a com-
mercial basis. Today there are
nearly 100 civilian microwave sys-
tems in the U.S., with over 1,300
individual stations. Total route
mileage is nearly 30,000 miles.
Table I gives a breakdown of the
figures according to FCC records.

It is difficult to compare sizes of
different microwave systems. Best
common denominator is dollar
value but this is not always avail-
able and is complicated by the
changing value of the dollar, vary-
ing land prices and construction
costs. Communicators talk about
circuit miles—the number of avail-
able communications circuits mul-
tiplied by the miles over which they
extend. This is a good measure of
traffic capacity but can be mislead-
ing as to the amount of equipment
used.

Another measure is the number
of stations. This, however, tells
little about the traffic capacity of
the system. Throughout this re-
port, systems are compared in
route miles—the actual distance
over which the microwave beam
travels. Two guides for further
approximation are that the average
distance between towers is about
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20 miles and that the average cost
of a microwave system used by
private companies is roughly
$1,500 a route mile. Common-car-
rier systems generally run higher.

There is no general agreement on
a definition of microwaves. De-
sign engineers restrict the term to
superhigh frequencies and above—
3,000 me and up. In communica-
tions, any frequency above 890 mc
is loosely termed microwave. The
bands allocated to the various serv-
ices are listed in Table II.

Microwave Frequencies

The short wavelength of micro-
waves (30 cm and less) provides
two important properties. First,
the transmissions follow a line-of-
sight path and can be focused much
like a beam of light by high-gain
antennas. This enables nearby
systems to operate in the same fre-
quency band without harmful inter-
ference. Secondly, a circuit’s phys-
ical dimensions determine its
electrical parameters, and for such
short wavelengths a small change in
circuit dimensions can produce a
wide frequency variation. Thus,
microwave equipment can readily
have an extremely wide frequency
bandwidth compared to lower-fre-
quency communications equipment.
Svstems providing 24 voice chan-
nels are widely used; common-car-
rier systems sometimes have sev-
eral hundred voice channels.

Commercial exploitation of mi-
crowave has proceeded in three

general directions: common-car-
rier, private and military. By far
the greatest expansion has been in
the common-carrier field.

Common-Carrier Systems

As may be seen from Fig. 1 tele-
phone and telegraph companies
have more than doubled route mile-
age in the past two years. Major
impetus has been the need to con-
nect television stations for intercity
network service. Some television
stations are connected by coaxial
cable but the current trend is to-
ward greater use of microwave
radio relay, which will pass without
difficulty the complete 6-mc band
required.

Another kind of common-carrier
recently appeared when a group in
Poplar Bluffs, Mo. sought and re-
ceived authorization to build a
microwave system to distribute tv
signals captured from the air to
remote community antenna cable
systems. Other common carriers
include Western Union, one of the
oldest. Plans are on paper to ex-
tend its system from its present
terminal at Pittsburgh to St. Louis
when the necessary $42 million is
available.

Microwave systems operated by
independent telephone companies
are usually small—two or three
stations. But, there are more than
5,000 independent telephone com-
panies. Figure 2 is a map of com-
mon-carrier microwave facilities in
the U. S.

October, 1954 — ELECTRONICS



O
s
i

Supervisory control panel illustrates how microwave operates an unattended remote pipeline booster station. Passive reflector mounted
on steel tower is becoming symbolic of @ new communications age

Commercially, the keenest com-
petition by far has heen in the
private, or more properly, the non-
common-carrier market. Users
include gas and oil pipelines, indus-
trial firms, power utilities, rail-
roads and forest products compa-
nies. Also local and state govern-
ment services such as police, fire,
highway maintenance and forest
conservation.

Private Systems

Microwave systems operated by
gas and oil pipelines constitute
about two thirds of the totsl route
mileage of all private systems. One
manufacturer of microwave equip-
ment believes that 85 percent of the

oy ©
<
Type of Service § 8 23
2 3 3%
& 5 ==
Common carrier
Amer Tel & Tel. 1 450 12,348
other carriers. . . . 4 43 1,177
Gas & oil pipelines, 26 516 10,679
Power utilities
%rivately owned . 33 159 2,763
.S. Gov't .. . 2 83 1,467
Police....... .. . 9 48 712
Highway mainte-
nance. ........, 5 20 226
Special industrial . 2 10 184
Railroads.. ... . .. 2 11 175
Forest products. . . 4 8 58
Forest conservation 2 9 44
Fire...... ... ... 3 10 16
Total. .. .. ... ... 93 1,367 29,853

Table I—Microwave Communica-
tions Systems in the U. S.
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potential market is here. Pipelin-
ers need microwave for telephone
communications between pumping
and metering stations along their
right of way and to tie in with
radio-equipped service vehicles.
They also need it for telemetering
and supervisory control of unat-
tended booster stations, teleprinter
and facsimile,

Newest of the right-of-way com-
panies, the pipelines, unlike power
companies and railroads, could not
rely on existing wire lines. Micro-
wave avoided the problems of se-
curing rights to string pole lines
and offered more dependable serv-
ice—no pole lines to come down in
bad weather. DMicrowave compares

MICROWAVE GROWTH BY SERVICES
14(

125

ROUTE MILES IN THOUSANDS
@®

1952 1954
PIPELINES

1952 1954
TEL BTEL

1952 1954
POWER

FIG. 1—Common carrier (tel & tel) has
enjoyed greatest growth and leads all
other microwave services

favorably in cost with either pri-
vately owned or leased wire lines.
Figure 3 is a map showing routes
of pipeline microwave systems.
Power utilities operate about one
quarter of all private microwave.
Microwave has steadily gained
favor with power men along with
wire-line carrier. Microwave’s most
attractive feature is the safety
angle. During storms, if power
lines come down, so do telephone
lines, in many cases disrupting both
wire-line carrier and leased-line
service. Microwave offers a means
for maintaining essential commu-
nications, telemetering, supervi-
sory control and line-fault locating
when most needed. Power-company

Frequency in MC

3,700~ 4,200
5.925- 6,425
10,700-11,700

952- 960
1,850~ 1,990
2110~ 2,200
2500~ 2,700
6,575— 6,875

12,200-12,700
. 1700~ 1,850
2,200~ 2,300
4,400~ 5,000
7,125~ 8,500
1,990- 2,110
6.875- 7,125
12,700-13,200

Type of Service

Common-carrier. .. .. ..

Private users. .. .. ... ..

U.S. Gov't. ...,

Television pickup & STL

Table II—Frequency Bands for
Microwave Development
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FIG. 2—Map shows exient of common carrier (public telephone

& telegraph) microwave service in U. S.

FI1G. 3—Pipeline microwave follows main arteries bringing gas

and oil from fields to industrial areas
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FIG. 4—Major power utilities are developing extensive micro-
wave networks within their areas of operation

microwave systems are shown in
Fig. 4.

Other Systems

Other microwave users account
for less than one tenth of the non-
common-carrier business. Some
services, however, offer great pos-
sibilities. For example, rumors
are current from time to time that
this or that railroad will go micro-
wave for so many thousand route
miles. Railroaders’ interest in mi-
crowave frequently ties back to a
telephone company’s attitude on
interconnection. Railroads will in-
vest more heavily in microwave
when they are assured that their
new systems will be accorded the
same interconnection privileges as
existing wire lines.

One mining firm has installed an
extensive microwave system to help
coordinate its widespread opera-
tions but, in general, the major in-
dustrial microwave market is still
in the future. Microwave for police
communications, on the other hand,
is going hand in hand with the
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building of new super turnpikes.
First the Pennsylvania Turnpike
was equipped for microwave com-
munication along the right of way,
then the New Jersey Turnpike and,
most recently, the Ohio Turnpike
as the turnpike network spread
across the country.

Strong interest has been evi-
denced by state governments in
microwave networks to handle
police, highway maintenance, con-
servation, civilian defense and
general administrative matters
throughout a state. This potential
market is intimately bound up in
the intricacies of politics.

A map of miscellaneous users of
microwave is shown in Fig. 5.

Broadcasting

Use of microwave equipment by
television stations is increasing.
There are 194 microwave studio-
transmitter links and 43 stations
used for intercity transmission of
television signals. The latter are
usually private systems set up to
provide network programming for

FIG. 5—Other users of microwave are few and widely sepa-
rated but police systems are expanding

a station in cases where common-
carrier service is not available.

Security prevents obtaining fig-
ures on the use of microwave com-
munications equipment by the
armed services. Many installations
have, however, been made both here
and abroad linking major head-
quarters and other installations to
pass operational and administra-
tive traffic and in some cases radar
signals. Truck-carried equipment
has been developed to provide the
mobility essential to a military
communications network operating
in what may become a forward
area.

The actual amount of military
microwave equipment in use has
not been revealed but a manufac-
turer who does a lot of military
business claims to have shipped
around 1,000 complete equipments
—only a fraction of which are ac-
counted for in the civilian market.
It seems probable that military
microwave is at least as big as
private and common-carrier com-
bined.
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Germanium Modulator

for

Infrared Communication

Transparency of germanium to infrared radiation is controlled by injection of charge
carriers to provide direct modulation of light beam. Typical design example is given for

a-f modulator having response 3 db down at 10 ke

UMEROUS INFRARED communica-

tion systems have been de-

vised in the past with limited suc-
cess.

The systems differed primarily in
the transmitter and in particular in
the method of modulation of the
infrared ecarrier. A tungsten-fila-
ment lamp may be modulated di-
rectly by applying the audio signal
directly to the filament. Due to the
long thermal time constant of the
filament, the response time and
hence the bandwidth of such a sys-
tem is limited.

Alternatively a gas-discharge
tube, giving emission lines in the
infrared region, may be used as the
source of transmitter power. Very
high modulation frequencies can
then be obtained but the esvailable
power is seriously limited. Using a
tungsten lamp source (a very effi-
cient source of infrared radiation)
and a mechanical shutter arrange-
ment, some excellent shutters have
been devised, but the high speed of
operation required usually implies
large size and high cost of con-
struction.

This article describes an elec-
tronic replacement for the mechan-
ical shutter making use of the
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By ALAN F. GIBSON
Ministry of Supply
Radar Research FEstablishment
Worcestershire, England

transparency of germanium to in- A germanium crystal
frared radiation. Infrared modu-
lators made with germanium crys-
tals are small, simple to make and

reasonably efficient.

is com-
pletely opaque to visible light but
at a wavelength of 1.8 microns in
the infrared region becomes al-
most completely transparent. There

Design Example For A-F Modulator

Infrared carrier wavelength — 2 microns
Therefore o = 1.6 x 10% cm?
Resistivity of germanium crystal — 1 ohm-cm

Carrier lifetime in germanium crystal — 25 psec

Length of modulator, x = 1.2 cm (Eq. 1)

Thickness of modulator, y = 0.2 cm

Width of modulator, z — 0.2 mm

Mean transit time = 50 psec

Therefore bias current is 50 ma (Eq. 2)

Therefore response is down 3 db at approximately 9.5 ke (Eq. 3)

As Eq. 1 is fulfilled it can be shown that the peak modulation
depth obtainable is 50 percent.*

Reduction in transmitter power due to background absorption
in the germanium is about 1%2 db and reduction due to
reflection, scattering and other uncontrolled factors is
about 4 db. Losses of this magnitude are not usually
important
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is a small amount of optical absorp-
tion left and this has been ascribed
to the free electrons or other charge
carriers in the germanium.’ It is
known from the theory of germa-
nium transistors that a rectifying
contact on germanium, biased in
the forward direction, injects
charge carriers into the crystal®
It follows, therefore, that the trans-
parency of germanium to infrared
radiation can be varied by injecting
carriers which will give rise to ad-
ditional optical absorption.*

Effect of Absorption

In theory the injected carriers
give rise to increased absorption at
all wavelengths, but in practice the
absorption in the visible wave-
lengths and out to 1.8 microns is so
large that the contribution of the
injected carriers is quite negligible.
Hence germanium modulators can
only be used at wavelengths greater
than 1.8 microns. No upper limit
of wavelength can yet be specified.
Modulators have been used up to
12 microns and theoretically the ef-
fect should still exist at millimeter
wavelengths.

Modulator Design

Consider a simple rectangular
block of crystalline germanium, as
illustrated in Fig. 1. Focused light
from a tungsten lamp source enters
at one end. The visible and short
wavelength components are com-
pletely absorbed and the infrared
radiation is transmitted through
the material. Due to the high re-
fractive index of germanium (about
4) the crystal behaves as a light
pipe and the beam is kept in the
crystal by total internal reflection
off the walls. The carriers injected
into the erystal vary its transpar-
ency to infrared and hence modu-
late the amplitude of the transmit-
ted beam.

When a germanium modulator is
to be designed for an infrared com-
munication system there are a num-
ber of factors affecting the shape,
size and construction of the modu-
lator which must be considered.

The increase in charge-carrier
density in the crystal that can be
obtained by injection is not very
large. If, however, the infrared ra-
diation has to pass through a suffi-
ciently long ecrystal even a low
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density of injected carriers will
give rise to an appreciable amount
of absorption. Hence the depth of
modulation increases with the
length of the modulator. The ab-
sorption in the germanium without
injection is, however, not zero be-
cause of the charge carriers (elec-
trons in n-type germanium) al-
ready present. Increasing the length
of the optical path in the crystal
therefore increases the background
absorption, with a consequent loss
of transmitted power. It follows,
then, that there must be an opti-
mum length for a modulator. This
is given approximately, for n-type
germanium, by

2z, = 1.9 X 107 R/a cm 1)

where R is the resistivity of the
germanium in ohm-cm and o is the

focused on it. In principle the image
of the source can be made indef-
initely small, but in practice aber-
rations and other defects in the
optical system, not to mention con-
venience, require the area to be kept
reasonably large. Electrical consid-
erations require the area yz to be
kept small and hence the final choice
is a matter of compromise.

Charge Carriers

Charge carriers injected into ger-
manium tend to recombine; their
average expectance of life being
referred to as the carrier lifetime «.
The value of « is determined pri-
marily by the purity of the ger-
manium crystal and is usually be-
tween a few microseconds and a few
milliseconds.

The time taken for the injected
carriers to cross the crystal is de-

absorption coefficient per unity
- INJECTING CONNECTION INJECTING CONNECTION
S~ M P T :
NFRARED Z = :
! DI~ TeERMANIUM-T -7 |NFRAR X
BEAMIN Y CRYSTAL BEMﬁoi? BEAM IN | BEAM OUT
.|~ | moouLaToR! =
_ A A m == L~ A

- = ~

€
-7 LZ‘#————X— S TRy
BASE
CONNECTION

FIG. 1—Modulator uses fransistor-type
connections. Signal across modulator
varies charge density in crystal

density of carriers.' The value of a
in germanium is largely independ-
ent of wavelength between 1.8 and
5 microns and is about 1.6 x 10™
cm®, At wavelengths greater than 5
microns, « increases as the square
of the wavelength and reaches
about 25 X 107 at 12 microns. Op-
timum length of a modulator is a
function of the wavelength at which
it is to operate and it should be de-
signed accordingly.

Resistivity of the germanium, R,
is also at the disposal of the de-
signer and it is desirable to keep
this low, about 1 ohm-cm, so that
the length of the modulator is kept
to manageable proportions. Modu-
lators having only about a tenth the
optimum length have been used suc-
cessfully; the small modulation
depth then obtained (about 5 per-
cent) being sufficient in many cases.

In Fig. 1 the area yz is called the
acceptance area, as all the energy
from the infrared source must be

BASE CONNECTION

FIG. 2—Modified design of modulator
providing larger acceptance area yz
for improved performance

termined by the voltage across, and
hence the current through, the mod-
ulator and is given approximately
by
t = zy 2/l u R seconds (2)
where I is the current in amperes
and u, the carrier mobility, equals
1,700 sq cm per volt-second in n-
type germanium. If the transit time
t, of the carriers is much less than
their lifetime, so that none of them
recombine, they will be swept out
of the crystal as fast as they are
injected. In this condition the num-
ber of carriers in the crystal no
longer increases with current and
the modulator saturates. The con-
dition for saturation can be taken
as a measure of the efficiency of
the device. The lower the current
required for saturation the more
sensitive is the modulator. For
this reason it is desirable to keep
the area yz as small as possible.
Another feature of the modu-
lator which may influence the choice
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of the area yz is frequency response.
When sinusoidal modulation is de-
sired the modulator is normally op-
erated with a steady bias current.
This current determines a mean
transit time (Eq. 2) and response
of the modulator is flat up to a fre-
quency given approximately by

f=c+ t2rnt (3)

If pulse modulation is used, turn-
off time (I =0) is equal to v and
the turn-on time (I =I..) is
<t/(x + t).

Carrier lifetime in the germani-
um is also at the disposal of the
designer within certain limits and
considerations of frequency re-
sponse, efficiency and maximum
rated current will clearly influence
the choice made.

The data given refers to simple
rectangular modulators, as shown
in Fig. 1. Since germanium acts

L GERMANIUM
] MODULATOR

MODULATED-
BEAM QUTPUT

MIRROR-

= MIRROR’

18vD-C

FIG. 3—Demonstration infrared trans-
mitter uses parabolic mirrors to focus
light beam of modulator crystal

as a light pipe in the infrared re-
gion, structures of the type shown
in Fig. 2 may be used, coupling the
advantages of a large acceptance
area with a small value of z for use
in Eq. 2.

Finally it may be noted that Eq.
2 only determines the product yz
and not the shape of the acceptance
area. The latter can be chosen to
suit the shape of the image from
the infrared source.

Electrical Connections

As in a germanium diode, a low-
resistance base connection is sol-
dered along the bottom of the erys-
tal. The injecting contact on the
opposite surface may be made with
pointed wire contacts, wires laid
flat on the crystal and held in place
with a rubber pad, evaporated metal
contacts or by fabricating a p-n
junction on the germanium surface
by indium diffusion.® The efficiency
of injection of all these contacts is
sufficiently near 100 percent for

ELECTRONICS — October, 1954

practical purposes. Junction or
large-area contacts have a lower
resistance and will materially re-
duce heat dissipation and power
necessary to drive the modulator
but otherwise the choice is one of
convenience.

Modulator Operation

Carriers are injected into the ger-
manium only when the modulator,
considered as a diode, is biased in
the low-resistance direction. The
modulation impressed on the infra-
red beam will therefore be half-
wave rectified. To avoid this the
modulator must be biased in the
forward direction and the signal
drive current kept within this limit.

At high currents, saturation oc-
curs, therefore the bias current is
chosen so that ¢t (Eq. 2) equals
about 2¢. This implies that, on the
average, the injected carriers die
off when they are about halfway
across the crystal. If operation at
higher frequencies is desired, at
the cost of reduced sensitivity and
increased distortion, the value of
the bias current may be increased.

The rate of carrier injection is
determined by driving current
rather than voltage. Since the for-
ward characteristic of a diode is
nonlinear a voltage drive will cause
distortion. This difficulty is over-
come by feeding the modulator from
a high-impedance current source.
Distortion also arises from the fact
that carrier injection reduces the
resistivity of the crystal by a sig-
nificant fraction. This is also over-
come by using a current drive.

By way of example, an infra-
red communication set will be de-
scribed. This set was demonstrated
at the April 1953 exhibition of the
Physical Society in London. The
system was by no means ideal since
the use of an off-axis optical sys-
tem is undesirable, but was quite
adequate for demonstration pur-
poses.

Transmitter

The arrangement of the source,
modulator and spherical mirrors is
shown in Fig. 3. The transmitter
power source was a 24-volt, 36-watt
tungsten filament lamp operating at
18 volts. The effective emitting area
of the filament was about 1 em x 1
mm. The spherical mirrors had a

focal length of 5 ¢m and an aper-
ture of £:1. The spacings between
the tungsten lamp, first mirror and
modulator were arranged so that
the image on the modulator was
about 0.2 em X 0.2 mm. This was
about the largest optical reduction
that could be achieved with the ar-
rangement used. The position of the
second mirror was then adjusted
to give a near-parallel output beam.
No filter was necessary to remove
visible light.

For the demonstration the signal
for the modulator was obtained
from a phonograph record. The out-
put from the pickup was amplified
in a conventional two-stage audio
amplifier and fed to the modulator
through a stepdown transformer
and 100-ohm series resistance. The
30-ma bias current for the modu-
lator was obtained from a battery.

Receiver

The receiver consisted of a 5-cm
focal-length spherical mirror which
focused the incoming infrared beam
on a commercial lead-sulfide cell.
These cells decrease in resistance
when illuminated by infrared radia-
tion of any wavelength less than
about 2.8 microns. The effective
carrier wavelength band was there-
fore about 1.8 mierons to 2.8
microns, set by the transmission of
the germanium and the sensitivity
of the lead-sulfide cell respectively.
The frequency response of the lead-
sulfide cell and the modulator were
about the same, flat from about 25
to about 6,000 cps. The output from
the cell was fed to a conventional
audio amplifier and loudspeaker.
The quality of the transmission
under these conditions was de-
termined by the surface noise of
the recording.

The author is indebted to the
Chief Scientist, British Ministry of
Supply for permission to publish
this article. British Crown Copy-
right reserved. Reproduced by per-
mission of the Controller, H.B.M.
Stationery Office, England.
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Radio Receiver Counts
Lightning Strokes

Lightning strokes are recorded automatically on direct-readout counter at output of radio

receiver that is adjusted to pick up discharges within predetermined radius.

Full-wave

semiconductor detector is used for strokes of either polarity in 8 to 20-ke range

A. W. SULLIVAN, J. D. WELLS and H. E. DINGER

ECHNIQUES FOR LOCATING and
mapping thunderstorm centers
have been devised that vary from
complex direction-finding networks
for long-range charting of thunder-
storms to aural observation of
thunder by the meteorologist.
There remains the need for an
additional method of detecting and
evaluating the thunderstorm activ-
ity at various points on the earth.
International scientific organiza-
tions have recommended develop-
ment of simple apparatus suitable
for wide distribution among mete-
orological stations and intended to
replace the human ear for aural
observations of electric discharge.
Such an instrument should sup-
ply statistical information on the
frequency of thunderstorms, de-
tecting discharges over the range of
aural detection, or not farther than
fifteen miles from the point of
observation. It must be inex-
pensive to produce, maintain and
operate. Simple operation and self-
calibration must be possible with-
out the use of expensive signal gen-
erators or trained personnel.

Stroke Counter

The Atmospheric Noise Research
Laboratory of the University of
Florida has developed such an in-
strument described below.

Basically, the counter comprises
functional blocks shown in Fig. 1.
Output of an antenna is fed into
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University of Florida

Gainesville, Fla.

a low-gain amplifier stage, full-
wave detector, amplifier and a relay
that actuates a mechanical counter.
Detailed operation of the counter
is described in terms of the circuit
diagram shown in Fig 2.

Input Circuit

Since the preponderance of power
in a lightning stroke is found in the

- FULL- | [AMPLIFIER
AMPLIFIER [»|  WAVE AND
" || _DETECTOR | RELAY
MECHANICAL
CALIBRATOR Al

FIG. 1—Block representation of low-
frequency lightning receiver

frequency range from 8 to 20 ke,
it was decided to operate the
counter in this range. This requires
that the input impedance be high,
since vertical and horizontal anten-
nas of practical dimensions exhibit
high output impedances in this
frequency range. Therefore, values
of C, and R, are chosen such that
power-line voltages and their major
harmonics will not operate the
counter. At the same time, the in-
put impedance is in the order of
1 megohm for the frequency range
of interest.

Amplifier and Rectifier

Two amplifier stages employing
type 1N5 tubes are used to permit

Naval Research Laboratory
Washington, D. C

satisfactory operation from either
a battery pack or conventional a-c
supply. The input tube is operated
as a class A voltage amplifier that is
transformer-coupled to a bridge
rectifier, The necessity for a bridge
circuit is understood from consid-
eration of the nature of the light-
ning stroke. There are conditions
under which the polarity of the
major portion of the stroke may be
either positive or negative. To
count most of the strokes, it is
necessary to utilize both the posi-
tive and negative portions of the
stroke.

Duration of a lightning stroke is
relatively short. For operating a
slow-acting mechanical counter it
is necessary to include a short-
charge long-discharge circuit that
will hold the relay closed long
enough for the counter to operate.
The charge time of the network is
determined by the forward resist-
ance of the diodes of the bridge
rectifier, the impedance looking
back into T, and the value of C..
The discharge path through R, is
comparatively long with an actual
value of 1 second.

Relay and Counter

Second stage V. is normally
biased to approximately cutoff po-
tential, so that when a pulse of
positive voltage appears on its grid
relay K, is closed. This places 90 v
d-c across the counter causing a
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Counter is initially calibrated against
aural and visual observations

count to be registered. Adjust-
ment of the control-grid bias on V,
determines the level at which the
relay operates and consequently the
overall sensitivity of the counter.

Calibration

Calibration of the counter is ac-
complished by momentarily elosing
S, which places a d-c voltage of
predetermined value on the control
grid of V.. The actual value of the
calibrating voltage is determined
by the desired sensitivity of the
counter which is, in turn, a fimction
of the antenna used and the aver-

Top view of counter chassis shows elec-
tromechanical counter on panel

age intensity of strokes in a given
locality.

Adjustment should be deter-
mined through a study made at or
near the locality at which the
counter is to be operated. A sensi-
tivity of approximately 0.1 v rms
has been found to be satisfactory
in Florida when a 100-ft horizontal
antenna elevated 30 ft is used.
Once the calibration voltage has
been set, closing the test switch
determines if the counter is func-
tioning properly.

Counting rate is 2 cycles a second
maximum using the electromechan-
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FIG. 2—Counter unit can be operated from batteries or power line as shown. Input
is connected to suitable antenna. Bridge rectifier insures counting every lightning
stroke since polarity may be either positive or negative
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Underside of chassis shows simplicity of
wiring and relay at upper right

ical counter shown, which has a
total capacity of 99,999 counts.
Frequency response is =3 db from
10 to 28 ke. Line-voltage changes
from 100 to 120 volts result in only
=+8 db change in sensitivity.

Performance Tests

It is difficult to assess accurately
the number of lightning strokes
occurring within a given thunder-
storm and the range from the re-
ceiving antenna to the point of dis-
charge. However, since the device
is designed to operate within the
aural range of thunder, the method
used to calibrate the instrument
consists of measuring the elapsed
time between the occurrence of the
stroke and the time that thunder
is heard. From this time measure-
ment the range to the stroke is
computed.

Results obtained in Florida indi-
cate that the maximum range at
which thunder can be heard is ap-
proximately 8 to 10 miles with ap-
proximately 90 percent of all local
strokes being counted. In several
cases strokes were counted when
no thunder was heard. The range
in these cases is indeterminate, but
during one nighttime storm when
the flashes were visible, counts were
made when the range was estimated
to be between 15 and 25 miles.

The research reported in this
paper was made possible through
the support of the Air Force Cam-
bridge Research Center under Con-
tract AF 19(604)-876, and through
the co-operation of personnel at
Naval Research Laboratory, Wash-
ington, D. C.
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FIG. 2—Voltage relations in bifilar output transformer with dif.
ferent primary connections

FIG. 1—Basic power amplifier has large amount of inverse feed-
back without trace of instability

Fifty-Watt Amplifier

By ALEXANDER B. BERESKIN

Professor of Electrical Engineering
University of Cincinnati
Consulting Engineer
The Baldwin Company
Cincinnati, Ohio

Fifty-watt amplifier uses 1614 output tubes. Output transformer is shown mounted
on chassis in its normal position, but not potted

IZE OF AN AMPLIFIER package
S and its cost are dependent
largely on the efficiency of opera-
tion and the power sensitivity of
the output stage. Beam power
tubes satisfy these two require-
ments more readily than triodes.
The quality of the audio power is
improved by the use of push-pull
operation and large amounts of
feedback. Use of a suitable amount
and type of feedback with beam-
power tubes overcomes the advan-
tage of inherently low output im-
pedance obtained with triodes. The
development of the power amplifier
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discussed in this article was under-
taken with the objective of provid-
ing a large amount of good quality
audio power in a small package at
relatively low cost.

Basic Circuit

The basic power amplifier circuit
shown in Fig. 1 is capable of em-
ployving large amounts of feedback
with good stability. This circuit
has been operated with 36 db of
feedback without showing any
trace of instability. However, since
the driving voltage required under
these conditions is too great, the

www americanradiohistorv.com

circuit is normally used with only
24 db of feedback.

The 12AX7 is used as a phase in-
verter, amplifier and driver stage.
It is direct-coupled to the heam-
power output tubes and the opera-
tion is essentially class B, since the
high-impedance driver stage is in-
capable of driving the power-tube
grids positive. An added advantage
of the direct-coupled driver is that
it eliminates the possibility of

blocking due to excessive input
signal.
The two output-tube = cathodes

are returned to ground and there-
fore any combination of screen and
plate supply voltage may be used.
The circuit shown will keep both
screen and plate dissipation below
the rated values for full-signal
class-B, operation with either
1614’s or 807’s, The bias for the
output tubes is supplied by the
12AX7 and is normally adjusted to
produce a zero-signal plate current
of about 15 ma per tube. The high
value of cathode resistance makes
the driver circuit fundamentally
stable.

A test with six 1614’s and twelve
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FIG. 3—Output-transformer coil buildup for fifty-watt amplifier

using 1614 tubes

transformer-coupled

FIG. 4—Power relations for fifty-watt basic amplifier with

input

tor High-Quality Audio

Push-pull amplifier uses transposed-bifilar output transformer to overcome difficulties

associated with class-B operation. Quality is enhanced by 24-db feedback. Winding and

core data are given for construction ol transformer

12AXT7’s, of different manufactur-
ers and chosen at random, produced
a zero-signal plate current varia-
tion ranging from 10 to 25 ma per
tube. Full-signal operation was
substantially independent of the
choice of 12AX7 and beam power
output tubes.

The feedback winding is electro-
statically shielded from the second-
ary, but very closely coupled to it.
The electrostatic shield greatly in-
creases the amount of feedback that
can be used successfully.

The problems encountered with
class-B operation are considerably
more severe than those occurring in
class-A operation, but the higher
efficiency makes it possible to in-
crease the power output by a factor
of three or more, for the same in-
vestment and space.

Bifilar Windings

One of the major problems as-
sociated with class-B operation is
due to energy stored in the leakage
reactance between the two primary
windings. This stored energy gives
rise to a conduction transfer notch
which must be eliminated before
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class-B operation can be used suc-
cessfully.” Several different wind-
ing schemes will reduce the leak-
age reactance below the critical
value but the most successful one
is that of using a bifilar winding
for the two primary sections.

A significant problem caused by
the use of bifilar windings is that
appreciable capacitance exists be-
tween the adjacent wires and charg-
ing current must be supplied to this
capacitance before any voltage can
be developed between the wires.
This charging current must be sup-
plied through the output-stage tubes
and is one of the major factors
limiting high-frequency power-de-
livering capacity of an amplifier.

This problem can be understood
more readily by examining the cir-
cuit of Fig. 2A. The bifilar primary
has been separated into two sec-
tions and the secondary sandwiched
between them to keep leakage re-
actance between the primaries and
secondary low. The four primary
sections have been symmetricaliy
interconnected and there is negli-
gible d-¢ voltage between them. If
a peak signal voltage of 250 volts

is assumed on each of the primary
sections, as shown by the vertical
arrows, this will give rise to a peak
signal voltage of 500 volts between
all adjacent points on the hifilar
winding as shown by the horizontal
arrows. The undesirable feature is
that before this voltage can appear
between the two primary windings
the interwinding capacitance must
be suitably charged and charging
current must flow through one of
the two tubes.

An experimental transformer of
this type, wound with adjacent
wire layer bifilar winding, using
No. 28 HF wire, was found to have a
capacitance of 0.045 microfarad
between the two primary windings.

Primary Variations

Figure 2B shows a different con-
nection of the primary sections.
The voltage between the lower sec-
tions of the bifilar winding has been
reduced to 250 volts but the voltage
between the upper sections has been
correspondingly increased to 750
volts. The total interwinding charg-
ing current is the same as before
but the insulation burden on the
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upper section is greater than be-
fore. Further sectionalization and
reconnection of the primary will
not reduce the charging-current
problem and will in most cases in-
crease the burden on the insulation.

The design of the transformer
used in Fig. 1 presents a solution
to the problem introduced by the
primary interwinding capacitance.
In the general case of two isolated
parallel circular wires an increase
of the spacing between the surfaces
from 10 percent to 20 percent of the
diameter of the wire will reduce the
capacitance between these wires by
approximately 30 percent. An in-
crease of this spacing from 10 per-
cent to 100 percent of the diameter
of the wire will reduce the capaci-
tance by approximately 70 percent.

In the transformer winding the
same general principles apply. Each

electric material, the capacitance
between the wires in the layers ac-
counts for approximately two thirds
of the total capacitance. Capaci-
tance between wires in adjacent
layers accounts for one third of the
total capacitance. Since transposi-
tion of the wires can halve capaci-
tance between wires in a layer
without disturbing the capacitance
between wires in adjacent layers,
it should reduce the total capaci-
tance to two thirds of its original
value. Use of insulating materials
such as cotton, varnish and wax
and accumulation of moisture will
all tend to increase the capacitance.

The safety factor provided by the
bifilar type of winding has so far
been sufficiently large to avoid the
appearance of the conduction trans-
fer notch.

Figure 3 shows the coil buildup
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FIG. 5—Complete fifty-watt amplifier with preamplifier delivers full output with

0.8-volt rms input signal,

wire will have capacitance to the
two wires on each side of it in the
same layer and also to the wires in
the layers above and below it. The
capacitance between wires in the
same layer can be cut in half by
transposing the two wires of the
bifilar wire at every turn. The
capacitance between wires in ad-
jacent layers will not be modified
by this process. In the nontrans-
posed winding, assuming the same
spacing between layer centers that
exists between adjacent wire cen-
ters in a layer and uniform di-
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Voltages indicated are measured with zero-signal input

of the output transformer used in
the circuit of Fig. 1. This figure
is drawn in proper vertical scale.
The horizontal scale has been modi-
fied to show the relative positions
of the windings in a reasonable
amount of space. This transformer
winding was designed to be used
with two grain-oriented Hipersil C
cores. The nominal impedance levels
were intended to be 4, 8 and 16
ohms but the optimum levels ob-
tained with this transformer were
4.63, 9.25 and 18.5 ohms. An opti-
mum value resistor was used on the

FIG. 6—Response of complete amplifier
lo a 10-watt 5-kc square-wave input.
Increasing the value of the feedback
capacitor tends to reduce the slight
amount of ringing present

9.25-ohm tap in all of the succeed-
ing tests.

The transformer of Fig. 3 had
a primary interwinding capacitance
of 0.010 microfarad when it was
vacuum impregnated with clear
baking varnish and baked for the
prescribed amount of time. This
transformer was potted and has
maintained the same value of
capacitance since that time.

To obtain the same low-fre-
quency power-delivering capacity
with an ordinary non-grain-ori-
ented core it is necessary to in-
crease both the core cross section
and the number of turns by about
25 percent. The combined effect of
these increases is that the primary
interwinding capacitance increases
by a factor of approximately 50
percent.

Amplifier Specifications

The circuit of Fig. 1 was used
with the transformer of Fig. 3
with transformer-coupled input.
The input transformer had an
electrostatic shield connected to
ground. With well-regulated screen
and plate supply voltages, the
residual hum in the output was 96
db below 50 watts. For this par-
ticular amplifier, without any
special attempt to obtain good bal-
ance, a ripple voltage of 42 volts
inserted in series with the plate
supply or 9 volts inserted in series
with the screen supply was neces-
sary to bring the residual hum
level in the output to 80 db below
50 watts.

The power delivering capacity of
this amplifier was tested by setting
the input signal level at the value
necessary to produce 2-percent dis-
tortion in the output. Figure 4
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FIG. 7--Square-wave response of am-
plifier at 50 (A), 500 (B) and 5.000 cps
(C). Amplifier input level is 40 walls
for upper waveforms and 10 watts for
lower waveforms

shows the results of this test. In
the range below 30 cps the output
was limited by the inability of the
1614’s tubes to supply adequate
magnetizing current to the trans-
former. Between 30 and 3,000 cps
the output was limited by peak
clipping due to the inability of the
12AXT’s to drive the 1614 grids
positive. Above 3,000 cps the out-
put was limited by the inability of
the 1614’s to supply the charging
current required by the primary
interwinding capacitance.

Most of the power in speech,
song and music is contained in the
fundamental tones with frequencies
below 8,000 cps. The power levels
of the higher frequency funda-
mental tones and of the harmonics
of the lower-frequency funda-
mentals drop off at a greater rate
than the power-delivering capacity
of this amplifier.?

The amplifier develops its full-
power output of 60 watts over most

total plate-circuit losses, including
transformer losses, considerably
lower than the rated CCS values.

Since transformer-coupled input
is not usually available for ampli-
fiers of this type the circuit of Fig.
5, which includes a preamplifier
and power supply was developed.
This circuit was designed to de-
liver 50 watts of high-quality
power over most of the middle-fre-
quency range. Since the output
stage is insensitive to ripple in the
screen and plate supplys, very
simple power supply filter circuits
are adequate.

Preamplifier

The preamplifier congists of a
two-stage R-C amplifier with feed-
back between the second plate and
first cathode. This feedback pro-
vides good wave shape and low out-
put impedance on the preamplifier.

The preamplifier is coupled to
the 12AX7 grid with a 1.25 uf
capacitor and a Thordarson T20C51
choke modified by interleaving its
laminations. A low d-c¢ resistance
is necessary because the 12AX7 has
appreciable grid current when the
grid voltage becomes more positive
than —1 volt and this grid current
must not be allowed to change the
bias relations of the phase inverter.
This coupling circuit has a low-Q
resonance between 10 and 15 cps.

Feedback from the secondary of
the transformer is incorporated and
additional overall feedback intro-
duced from the 4.63-ohm tap to the
first cathode in the preamplifier. A

duced the Dbest high-frequency
square-wave response, but the
square-wave response was adequate
when a simple 15-uuf capacitor was
substituted in the overall feedback
circuit. This capacitor has no effect
on the low-frequency response but
reduces the tendency of the ampli-
fier to ring slightly with sharp-
risetime square-wave inputs. The
waveforms of Fig. 6 show how
ringing, following the leading edge
of a 10-watt 5-kc square wave, is
modified by varying the value of
this capacitor. The rise time of the
leading edge is approximately 7.5
microseconds between the 10-per-
cent and 90-percent points and the
ringing frequency is approximately
100 ke.

The complete square-wave re-
sponse at 50, 500 and 5,000 cps and
power levels of 10 and 40 watts is
shown in Fig. 7.

The results of tests made to de-
termine the best balance between
the various types of feedback are
shown in Fig. 8 Curves 1 and 2
have inadequate feedback turns to
correct for class-B operation at low-
power levels. The bridged-T overall-
feedback network produced 6-db
feedback at operating frequencies
so that curve 1 is lower than curve
2 at high-power levels. Curve 3 has
much less low-level distortion than
curve 2 because of the additional
feedback turns, but it requires more
drive from the preamplifier and
therefore has higher distortion
than curve 2 at high-power levels.
Curve 4 uses approximately 6-db

of the middle-frequency range with complex bridged-T network pro- additional feedback in the pre-
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FIG. 8—Feedback-distortion characteristics
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FIG. 3—Plate-circuit power loss characteristics
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amplifier and its distortion is satis-
factory at both low and high-power
levels. The 15-uuf overall feedback
has no effect at these frequencies.

The values of feedback turns and
preamplifier feedback resistance
used in obtaining curve 4 represent
a practical compromise between
low-input signal and low-output
distortion. Additional reduction in
distortion could be obtained by in-
creasing the turns on the feedback
winding and reducing the value of
the feedback resistor in the pre-
amplifier. Both of these changes
would increase the input voltage
required to produce full output
power. The conditions specified for
curve 4 are the ones shown in the
circuit diagram of Fig. 5 and are
used in all succeeding tests.

Power-Loss Characteristics

Figure 9 shows the curves of
plate-circuit losses (including
transformer losses) and screen dis-
sipation as the output power is var-
ied. The plate-circuit losses are
less than the rated CCS values for
all operating conditions. The screen
dissipation becomes equal to the
rated CCS value at the highest
power level shown but is less than
the rated value at lower levels.

The 2-percent distortion power-
delivering capacity together with
the corresponding plate-circuit
lesses and screen dissipation are
shown in Fig. 10. The highest plate-
circuit efficiency, including trans-
former losses, occurs at 1,000 cps
and is 69 percent. If the trans-
former losses are considered a part
of the tube output, the plate
efficiency becomes 72 percent.
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The frequency-response charac-
teristics, together with the power-
delivering capacity curve, plotted
on a db scale, are shown in Fig. 11.
The diagram shows that as long
as the operating level is below the
2-percent distortion curve the re-
sponse is flat between 100 and
20,000 cps. Below 100 cps the re-
sponse rises slightly due to series
resonance in the impedance-coupled
circuit. This rise can be controlled
by modifying the values of the
coupling capacitor and choke.

At low levels the response above
20,000 cps depends on the amount
of feedback capacitance used. The
curve for C,, = 0 rises to a maxi-
mum at about 85 ke and then drops
off rapidly. The curve for C,, = 15
wuf is almost perfectly flat to 95 ke
after which it also drops off very
rapidly. A curve for Gaussian re-
sponse with a —3-db point at 75 ke
has been shown for comparison.
The ringing frequency of approxi-
mately 100 ke corresponds closely
to the region of maximum devia-

»
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FIG. 12 — Intermodulation-distortion
characteristics with 4:1 ratio of 60 and
15,000 cps signals (A); 60 and 1.500
cps signals (B)

tion of the actual response charac-
teristic from the Gaussian re-
sponse. This shows also why the use
of C,, = 15 ypf reduces the ringing
amplitude obtained with a square-
wave input.

Distortion

Figure 12 shows the results of
intermodulation-distortion tests
using 4:1 combinations of 60 and
1,500 cps and 60 and 15,000 cps.
The resulting distortion is plotted
as a percentage of the smaller of
the two signals. The values shown
are acceptable beyond the 100-per-
cent peak-to-peak equivalent input.

Good transient response for loud-
speaker loads is assured by the low
output impedance which is approxi-
mately 10 percent of the nominal
impedance between 20 and 20,000
cps.

The residual 120-cycle hum in the
complete amplifier 1is slightly
greater than that measured in the
basic amplifier with transformer-
coupled input—about 80 db below
50 watts.

Residual 60-cyvele hum is picked
up inductively from the power
transformer by the unshielded
modified choke and is about 66 db
below 50 watts.
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Regulated D-C Supply
Has High Efficiency

Two-hundred-watt power supply uses magnetic amplifiers to regulate slow line-voltage and

load changes and electronic circuitry to regulate rapid changes. Technique may be applied

to regulation of d-c generators as well as rectifier power supplies

By D. C. BAKEMAN

ODERN USE of electronics often
M imposes requirements on
regulated d-c power supplies that
can be met only by high eficiency
regulation. These requirements are
large power output, small size, low
output impedance at all frequencies
and reliable operation under con-
ditions of high ambient tempera-
ture and low air density.

A method of accomplishing high
efficiency regulation is to divide the
responsibility between two differ-
ent high efficiency regulators—
namely, a magnetic amplifier which
regulates against slow line-voltage
and load changes, and a eircuit,
termed a clampac, which regulates
against fast changes of a-c load
and line voltage.

Conventional regulated d-c power
supplies  accomplish  regulation

Culver City, California

with control tubes, which are con-
nected either in series with the
d-c output to furnish a variable
voltage drop, or in parallel with
the load to control the output volt-
age by drawing a current through
the internal impedance of the sup-
ply. In either case, these control
tubes lower the supply efficiency
greatly by their continuous plate
and filament power dissipation.

A  more efliciently regulated
d-c power supply is one using a
magnetic amplifier to provide a
variable voltage drop in the a-c
portion of the supply. Such a de-
vice can provide this drop while
suffering only the small losses due
to power dissipation in the copper,
cores and internal impedance of the
control and bias power sources.
However, the magnetic amplifier

and J. E. RICHARDSON

Hughes Lesearch & Development Laboratories

has an inherently slow response
which destroys its usefulness in
many regulated power supplies un-
less it can be used in conjunction
with some circuits which cancel
out the fast load and line changes.
While this circuitry need regulate
only fast changes, it must involve
such low losses and little additional
space that the gains from using
the magnetic amplifier are not lost.

Slow Regulation

Circuits using magnetic ampli-
fiers for regulating against slow
changes of load and line voltage in
a rectifier-filter type d-c power sup-
ply are shown in Fig. 1. Rectifier
tubes are employed in Fig. 1A,
while selenium rectifiers are made
use of in Fig. 1B.

There are other circuit configura-
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FIG. 1—Direct-current power supplies with L-input filters using magnetic amplifiers for requlation; full-wave {A) and bridge (B)
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tions which incorporate a magnetie
amplifier as a regulator in this
type of supply, but the circuits of
Fig. 1 make it possible to use an
inductor-input filter along with a
magnetic amplifier of any type
core.

The advantage of an inductor-
input over a capacitor-input filter
cannot be overlooked when design-
ing a high-efficiency supply. The
form factor of the current drawn
through the transformer and recti-
fier can be as high as three with a
capacitor-input filter, and as low as
one with an inductor-input filter.
The current form factor is an indi-
cation of supply efficiency, since by
definition it is the ratio of the rms
to the average value of the current.

The difficulty involved with us-
ing a magnetic amplifier with an
inductor-input filter arises when
using a magnetic amplifier made of
cores with rectangular hysteresis
loops in the magnetic amplifier and
thus making it essentially a gating
device. It then must create a dis-
continuous current while the choke
attempts to create a continuous
current. This situation is avoided
in the circuits of Fig. 1 since they
provide a path for a circulating
current which passes through the
choke, but not through the mag-
netic amplifier.

Note also in Fig. 1 that a d-e
amplifier is used to amplify the
error voltage and drive the mag-
netic amplifier by means of a con-
trol tube. Use of electronic ecir-
cuitry to drive the magnetic
amplifier can be defended on the
grounds that less gain in the mag-
netic amplifier is then needed and
the magnetic amplifier can thus be
made faster and with characteris-
tics more independent of environ-
ment and manufacturing toler-
ances. However, in the complete
regulated supply which will be de-
seribed in this article, the d-¢ am-
plifier is a necessary part of the
svstem. By using it to drive the
magnetic amplifier it becomes part
of a low-pass negative-feedback
loop, thus eliminating the drift
problem in the d-¢ amplifier.

Stabilization of the high-gain,
degenerative-feedback loop, which
includes the magnetic amplifier, is
a difficult problem because of the
phase shift through the two-section
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filter provided to attenuate the rip-
ple. A large amount of filtering is
necessary when using the regulator,
since it will always attempt to re-
move the ripple in the output and
will become saturated if the ripple
is too large. The filter can be made
smaller by the use of a 400-cps
input-power source to increase the
ripple frequency. The clamper it-
self aids the stability of the mag-
netic-amplifier control loop in sev-
eral ways. It regulates down to
frequencies as low as several eps,
thus allowing the magnetic ampli-
fier to have a Jong time constant.
Also, the clamper maintains such a
low output impedance at frequen-
cies above several eps that the out-
put capacitor is effectively shorted
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FIG. 2—Clamper circuit with d-c supply

at these frequencies and the phase
shift through the filter is reduced.

Fast Regulation

Electronic circuitry to supple-
ment the aection of the slow mag-
netic amplifier is shown in Fig. 2.
The name clampac was suggested
by the fact that this circuit effec-
tively clamps the output voltage of
the supply against a-c load and
line changes.

The circuit contains two control
tubes operating class B push-pull.
The tubes may receive their driv-
ing voltage from a d-c amplifier,
but are made insensitive to d-c¢
changes bv a conventional R-C
coupling circuit. One tube is con-
nected across the load (a d-c¢ volt-
age can be connected in series with
this control tube if the output
voltage of the supply is not a
suitable value for plate voltage) and
the other is connected between the
supply output and some higher
voltage. Conduction by the tube

in shunt with the load will cause
the output voltage to decrease. The
tube connected to the higher voltage
is effectively in series with the load,
so its conduction causes the output
voltage to increase. The ervor volt-
age is amplified and then split and
fed in phase opposition to the two
control tubes.

In Fig. 2, the voltage is split by
a phase-inverter circuit. When the
output voltage of the supply tends
to increase, it is held by the shunt
tube being driven into conduction
while the tube going to the higher
voltage is driven into cutoff. When
the output voltage of the supply
tends to decrease, it is retarded by
the tube (to the higher voltage)
conducting, while the shunt tube is
driven into cutoff. In either case,
the R-C circuit between the inver-
ter and each control tube forces
these tubes only to supplement the
regulation of the slow, but highly
efficient, magnetic amplifier. Proper
adjustment of the time constants
of these R-C coupling circuits
would force the system to lose
regulation to a step change at a
rate just slow enough to allow the
magnetic amplifier to take over the
regulation. In other words, the low
end of the clamper passband just
meets the high end of the magnetic-
amplifier passband.

The large power and space sav-
ing in this type of regulator is due
to the control tubes normally op-
erating near cutoff and drawing
large currents only when regu-
lating a-c changes. Thus, the con-
trol tubes have a low plate dissipa-
tion and small tubes can be used.

The system is used most ad-
vantageously with supplies which
must provide large direct currents
and low ripple. Electronic cir-
cuitry usually provides this type
of load. If these conditions were
reversed, then it would be of bene-
fit to use a series-tube regulator,
for a large rms a-¢ could create
undesirably heavy plate dissipation
in the control tubes. Also, the
system cannot ordinarily tolerate
as much ripple from the unregu-
lated supply as can the series-tube
regulator, for the clamper removes
ripple by drawing current through
the internal impedance of the sup-
ply. Since this impedance usually
is low at the ripple frequency, pro-
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FIG. 3—Power supply with magnetic amplifier and clamper regulation has 250-v, 800-ma output at 55-percent efficiency

hibitively high currents may be
drawn by the two triode control
tubes.

The immediate problem in apply-
ing the clamper is obtaining the
high voltage for the upper control
tube. Only a small quiescent cur-
rent is drawn at this voltage, but
large peak currents must be fur-
nished. These requirements can be
met by half-wave rectification into
a large capacitor. No further fil-
tering should be needed.

In a power supply using a mag-
netic amplifier and an inductor-
input filter, peak voltages in the
order of twice the output voltage
of the supply appear at the filter
input. These peaks can be used to
charge a capacitor through a recti-
fier to a high d-c potential. This
latter arrangement is advantageous
in that the capacitor is charged at
twice the line frequency and the
rectifier back voltage never exceeds
the voltage across the capacitor.
Such an arrangement is used in
the supply of Fig. 3.

Circuit Example

The circuit of Fig. 3 provides an
output of 800 ma at 250 volts with
an efficiency of 55 percent. This is
an output of 200 watts and a power
loss of 162 watts. The output im-
pedance is less than one ohm at all
frequencies and less than 0.1 ohm
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up to 20 ke. This output impedance
holds for d-c load changes from
zero to full load and for instantane-
ous load changes as great as 250
ma. Full regulation is maintained
as the a-c input voltage varies
from 100 to 130 volts and from
380 to 1,000 cps.

Design Features

The magnetic amplifier in the
supply of Fig. 8 is wound on
toroidal cores of a material with a
rectangular hysteresis loop. This
was done to obtain small size and
high performance in spite of the
condition that the input voltage
can vary from 380 to 1,000 cps.

The 8,000-ohm resistor across
the bias winding of the magnetic
amplifier is used to adjust to a
desired speed of response for the
magnetic amplifier.

The relay syvstem allows time for
the tube filaments to warm before
voltage is applied to the power
transformer. It also removes the
voltage from the power tre asformer
when the negative 250 v-.ts is not
being provided.

The rectifier from the grid of the
magnetic-amplifier control tube, V,,
to ground is necessary to prevent
the control current from getting
so large, under conditions of ex-
cessive line voltage, that the mag-
netic amplifier goes into the nega-

tive-gain region of its operation.
Bias for the a-c series-regulator
tubes, V, and V,, is effectively ob-
tained from the same point as is
the voltage which provides the
plate voltage for these tubes. This
is necessary since the plate voltages
of V., and V, vary directly with
the peak voltage at the input of
the filter. This peak voltage, in
turn, varies directly with the line
voltage (although the average
value is held constant by the mag-
netic amplifier). Thus, the quies-
cent currents through V., and V,
would vary with line voltage if
their biases were constant. How-
ever, since the bias voltages here
vary with the plate voltages and the
tubes are operating in the low-gain
region near cutoff, plate currents
change little with line voltage.

D-C Generator Regulation

The same basic type of regula-
tion can be used for d-c¢ generators
as has been described here for a
rectifier-filter type supply. Now,
however, the clamper can be used
either in conjunction with a mag-
netic amplifier or a carbon pile.
If used with a carbon pile, the
pile can be made use of either in
its usual role of a complete regula-
tor or as an amplifier-control ele-
ment driven by the error signal
existing in the circuitry.
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FIG. 2—Direct-current amplifier uses battery power to achieve portability for maxi.

mum usefulness in measuring Grenz rays

Direct-Reading

Portable instrument using ionization chamber and d-c amplifier measures radiation

strength of soft x-rays over ranges of 500, 2,500 and 25,000 roentgens per minute.

Battery power source permits portable operation for application in x-ray therapy

GRENZ—RAY THERAPY has gained
considerable prominence for
the treatment of a number of dis-
eases and afflictions. These rays are
very soft x-rays with a wavelength
in the order of a few angstroms.
Because the ravs are very easily
absorbed, even in organic matter,
their measurement presents special
problems in the design of equip-
ment (dosimeters) with which their
dosage rate can be determined. The
dosimeter to be described gives an
accurate measurement of the
Grenz-ray radiation impinging on
the area under treatment.

Design Considerations

The radiation intensity depends
upon the potential and current of
the machine producing the radia-
tion, the distance between the
source and area under treatment
and, especially in the case of Grenz
rays, on the window of the tube
through which the rays are trans-
mitted.

The physician administering the
treatment must know accurately
the number of roentgen units ap-
plied to the area under treatment.
It is therefore necessary to cali-
brate the output of each Grenz-ray
machine in roentgens per minute,
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sary to obtain a small

for each potential, current and
distance. It is also necessary to
determine the penetration power or
quality of the Grenz rays. This is
usually given in terms of the half-
value layer in microns of aluminum,
which is the thickness that will
halve the dosage rate of radiation.

lonization Chamber

To obtain a meter indication
proportional to the number of
roentgens per minute it is neces-
current
exactly proportional to the number
of roentgens per minute and
amplify this current to a value
sufficiently high to be read on an
indicating instrument.

The first requirement, that of a
proportional current, is obtained
with an ionization chamber, shown
in Fig. 1. The outside element is
made of graphite and has the shape
of a truncated cone. The larger
diameter and height of the cone
are about 1 em and the wall thick-
ness is between 0.5 and 1 mm.

The inner element or collector
is a thin graphite rod, about 1 mm
in diameter, similar to the lead of
a mechanical pencil and insulated
with amber from the outer ele-
ment. A larger diameter of the

collector must be avoided in order
not to decrease the effective
volume of the chamber. A very thin
rod would produce too high a field
strength near its surface.

The chamber is filled with air.
At the top of the chamber is a thin
film of organic material, which is
coated with colloidal graphite
(Aquadag) to render it conductive.
Kodapak I, a commercial material,
can be obtained in a thickness of
0.001 in. (25 microns) and has
proved satisfactory. 1t is sufficiently
strong so that the watery slurry of
Aquadag can be easily applied with
a brush. The film is chosen for its
ability to transmit even the soft
radiation with negligible absorp-
tion; at 10-micron aluminum half-
value layer, less than 10 percent of
the radiation is absorbed. In this
way, the idea of the window of
the Grenz-ray tube is applied to the
ionization chamber.

In such an ionization chamber,
the current depends only on the
voltage applied to the chamber,
until saturation is reached. The
saturation current is proportional
to the impinging dose rate of the
ionizing radiation and, if the walls
of the chamber are built of a ma-
terial with the same effective
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Saturation current of graphite ionization chamber (left) produces a meter indication

proportional to roentgens per minute.

Three meters prevent reading wrong scale

Table I—Calibration of
Grenz-Ray Dosimeter

Gireng- lostru- | Sensi-
R Doxe ment tivity
Potential | Rate |Reading
kv r per ma rper
nin min per
ma
6 587 0.102 578
8 237 & 0.108 581
12 378 31 0.652 580
12 1,065 1.83 582
153 1,977 3.56 558

Grenz-Ray Dosimeter

By H. B. WEISBECKER

and

Senior Klecironic Engineer
W. L. Maxson Corp.
New York, N. Y.

atomic numboer as air, the satura-
tion current readings will be ap-
proximately independent of the
wavelength of the radiation. This
is the reason for the use of graphite
as the chamber material.

Saturation current in the ioniza-
tion chamber is in the order of 5 X
10® amp for a Grenz-ray dosage
rate of 1,000 r per min.

Amplifier

The amplifier is a conventional
d-c feedback amplifier consisting,
as shown in Fig. 2, of an input
stage utilizing a 5800 electrometer
tube, two amplifier stages and a
cathode follower.

If the amplifier is simplified to
the diagram of Fig. 3, the follow-
ing analysis shows its performance

I

& ‘[avr\)l - isz‘.
y, = Gﬂi = G(iaRi - isz)
7 = Gi.R/(1 + GR.)

where R, is the input resistor, R,
is the output resistor, G is transfer
function of amplifier, ¢, is input
saturation current (proportional to
radiation dosage rate), 4. is output
current and ¢, is input voltage.

If the requirement is met that
GR. >> 1, 7, = ¢, R,/R.. For this
amplifier, GE., > 10,000, so that the
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FIG. 3—Four-terminal network
sentation of amplifier in Fig. 2

repre-

error introduced by this approxi-
mation is negligible compared with
the other sources of error, even
for considerable variations in G.
In the equation i, = i, R,/R,, G is
not present so that the amplifier is
linear and continues to function
properly even with considerable
change in battery voltages and
transconductances of the tubes.

The current amplification is the
ratio of the input to output re-
sistance and can be calculated ac-
curately to a tolerance determined
by these resistors and the indica-
ting instruments, without consider-
ing G at all.

Battery operation was resorted
to for this dosimeter, because (1)
current requirements are small; (2)
line voltages fluctuate greatly when
Grenz-ray machines are turned on
or off; (3) power-line voltages of

www._americanradiohistorv com

R. STEINITZ

Research Supervisor
American Electro Melal Corp.
Yonkers, N. Y

proper kind are not always avail-
able at the locations of Grenz-ray
machines; (4) the instrument is
thus easily portable.

Calibration

Since the constant of the ioniza-
tion chamber is difficult to cal-
culate, the whole dosimeter is cali-
brated against a standard. The
instrument described was cali-
brated by the National Bureau of
Standards against an open-air
ionization chamber and found to
be exact within the usually per-
missible error.

Cualibration values are listed in
Table I. The last column shows that
the sensitivity is constant, inde-
pendent of dose rate and operating
potential of the Grenz-ray machine.
Additional tests have indicated that
the error does not increase sub-
stantially even up to intensities of
25,000 r per min.

The complete instrument uses
three indicating meters to prevent
unskilled persons from reading
wrong values, which might occur
with multiple scales. The scales
read directly in r per min. The three
ranges of the instrument cover
dosage rates to 500 r per min, 2,500
r per min and 25,000 r per min.
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Fast-Response
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F1G. 1—Basic circuit (A) of high-speed amplifier and idealized hysteresis loop for

core material (B}

agnetic

AGNETIC AMPLIFIERS have an
M inherent delay of one-half
cycle of the supply frequency for
each stage of amplification. The
fast-response magnetic amplifier
described in this article is capable
of being used in several cascaded
stages with a total time lag of less
than one-half eycle. Ultimate speed
of response is limited by the mag-

netic materials and by power con-
siderations rather than by supply
frequency.

The reduction in time lag be-
tween input and output signals of
the magnetic amplifier results in
an increase in the gain-bandwidth
factor. This factor is a measure of
the performance capabilities of an
amplifier. A servo system utilizing

a high-speed magnetic amplifier
will be capable of greater accuracy
and bandwidth than a system using
a slower responding amplifier.
These improvements in accuracy
and bandwidth can be achieved with
no reduction in system stability.
Consequently, it is possible to de-
sign magnetic amplifiers into high-
performance servo systems which

Response time of magnetic amplifier can be cut to less than a halt cycle of the line frequency
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Table [—Core Data For Three-Stage High-Speed Magnetic Amplifier

STAGE 1
Core—Arnold Eng 5340.81

l Amplitier Switch
Wice Wire
Winding Turns 8Size | Torns Size
Signal 300 42
Load 1,600 38 1,600 38
Line 2,500 42 2.500 42

STAGE 2 STAGE 3
Core—Arnold Eng 5233-51 Core-Magnetics, Inc. 50041-4A
Amplifier Switch Amplifier Switch
Wire Wire Wire | Wire
Winding Turns  Size | Turns  Size Winding Turns  Size Turns  Size
Signal 100 33 Signal 150 27
Load 2.100 33 2,100 33 Load 2,700 27 2,700 27
Line 2,900 33 2.900 33 Line 300 23 800 23
Transformer 210 29

Servo Amplifier

Performance of vacuum-tube amplifiers is approached by cascaded high-speed magnetic

amplifiers for servo systems. Three-stage unit responds in less than half cycle of supply-

voltage frequency, permitting use of error-rate feedback for stabilization

will approximate the performance
of servo loops utilizing vacuum-
tube amplifiers. This is especially
important when power is available
only at 60 cycles per second.

Circuit Operation

To achieve fast-response char-
acteristics, input and output of a
magnetic amplifier must occur dur-
ing the same half-cycle of the
power-supply voltage. The basic
circuit of the high-speed amplifier
is shown in Fig. 1A with an ideal-
ized hysteresis loop of the cores in
Fig. 1B.

To describe the operation of the
circuit let the turns ratio between
the signal windings N,, the line
windings N,., and the load wind-
ings N, be unity. If line voltage
E... is chosen so that any winding
on one core will support one-eighth
of the volt-seconds during one-half
cycle of the supply voltage, then
the two cores in series will saturate
after one-fourth the volt-seconds of
the line voltage per half cycle.
Waveforms at various points in the
circuit are shown in Fig. 2.

During any half cycle of supply
voltage, there exist three possible
states for the cores; both cores un-
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saturated, one core saturated and
one unsaturated or both cores sat-
urated. If line voltage is applied
when both cores are in the minus
saturated state (—B,), Fig. 1B,
then the line voltage will divide
evenly between the cores and both
cores will saturate in the plus state
(+B,) after one-fourth the volt-
seconds in the half cycle. During
the remainder of the half cycle, the
line voltage will appear across R...
of Fig. 1A. The second half cycle
will be the same except that the line
voltage will have reversed and the
cores will return to the —B, state.

If a signal voltage E, is intro-
duced at the start of the second
cycle of line voltage, the instantan-
eous voltages on cores 1 and 2 will
differ by the signal voltage. For
the polavity of signal voltage
shown, there will be no current flow
into load R,. The signal voltage ap-
pears at the load windings, but the
rectifier prevents current flow.
Thus, the current from the signal
source will be the incremental mag-
netizing current for the cores.

If the line voltage is positive at
the top of the line windings at the
time of the signal, core 1 will have
the greater voltage and will satur-

ate before core 2. When core 1
saturates, core 2 will have to
support a number of volt-seconds
equal to those of the signal in the
time interval between the start of
the half cycle and saturation of
core 1. If R, is very large com-
pared to R..., the voltage on core 2
will be the line voltage less the IR
drop in R, ..

Since the signal source was re-
quired to supply only the incre-
mental magnetizing current, it is
possible to make R. rather large
without appreciably reducing the
effectiveness of the signal voltage.
Core 2 will transmit power from
the line into load resistor R, after
saturation of core 1 and before
saturation of core 2. This results
from the fact that the polarity of
the voltage at the load winding of
core 2 is correct to pass current
through the rectifier in series with
the load. The volt-seconds deliv-
ered to the load will equal the volt-
seconds from the signal while both
cores were unsaturated.

If the signal continues for the
next half cycle, core 2 will saturate
first and core 1 will transmit power
from the line to the load.

To cascade several stages of
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amplification, R, can be replaced
by a signal winding of a second
stage supplied from the same line
voltage. The requirement for the
second stage is that the cores
should support more voltage than
for the first stage. This is neces-
sary since the signal-input period
of each stage is the time when both
its cores are unsaturated. In the
same manner, additional stages of
amplification can be achieved with-
in the same half cycle of the supply
voltage.

Full-Wave Operation

The basic circuit described is
useful only as a d-c amplifier be-
cause reversing the polarity of the
input signal causes signal current
to flow into the load resistor and
essentially no power gain results.
To permit amplification of either
polarity of input signal it is neces-
sary to replace the rectifier in the
output of the amplifier with a
switch which is open when both
cores are unsaturated and closed
when one core is saturated and the
other unsaturated.

This will disconnect the load
from the circuit during the signal-
input period and the signal source
will be called upon to furnish only
the incremental magnetizing cur-
rent for either polarity input. The
polarity of the input signal will de-
termine the polarity of the output
which, in turn, will make the amp-
lifier-output polarity reversible for
d-c signals, and phase reversible for
signals at power frequency.

A suitable switching mechanism
with magnetic amplifiers is shown
in Fig. 3. Amplifier cores 1 and 2
are the same as before and cores 3
and 4 are constructed identically,
except that no separate signal wind-
ing is used. The operation of the
amplifier, cores 1 and 2, is the same
as before. When the signal is ap-
plied, both cores are unsaturated
and the signal voltage is trans-
ferred to the load windings of the
amplifier.

The path for current flow into
the load circuit, resulting from the
signal voltage, is through resistors
R, and R, the load windings of
cores 3 and 4 and two rectifiers of
the bridge. Since cores 3 and 4
are always in the same state as
cores 1 and 2, the signal voltage
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Table II—Servo System Perform-
ance

Power 115 volts 60 cps
Motor Diehl FPE 25-22
Amplifier 3-stage
Power gain. .. 100,000 with-
out feedback
Maximum
power output. 15 walts

Voltage gain. . 7.5 with
stabilization

Error-rate feedback using

linear passive clements

Stabilizalion

Control
Transformer Geared down |:10 from motor,
sensitivity 1 volt per degree
System
Performance Static error. .. 0.2 max
Velocity error. | deg per 110

deg per second

Bandwidth... 10 cycles per
second

Damping ratio 0.5.

Maximum

stall torgee. .. 5 in, oz at
molor

Slewing specd . 3,300 rpm

will result in the incremental mag-
netizing current flowing into the
load windings of cores 3 and 4.
The entire signal voltage will be
impressed on cores 3 and 4. Load
windings of this core pair act as
the signal-input windings and the
current supplied by the signal
source is the incremental magne-
tizing current for core pairs 3-4
and 1-2. At the time that one core
in the amplifier pair 1-2 saturates,
one core in the switching core pair
will saturate.

Regardless of the polarity of the
signal E, the incremental mag-
netizing current through the
switching cores will always flow in
one direction due to the rectifier
bridge. Consequently, the output
pulse of the switching-core pair
will be of the same polarity and
send current into hoth legs of the
rectifier bridge. This current ef-
fects the closing of a switch be-
tween the load resistor R, and the
load winding of the amplifier.

If R, is equal to R, and R’,_. equal
to R,. the switch will remain
closed, during the period that the
amplifier output power is delivered.
The voltage across the unsatur-
ated core will be impressed at
the load resistor while one core in
each pair is unsaturated.

Three-Stage Amplifier

A three-stage magnetic amplifier
was constructed to energize the con-
trol phase of a two-phase, 60-cycle

servo motor. The schematic dia-
gram of this amplifier is shown in
Fig. 4. Core winding data is given
in Table I. The amplifier and
switching cores for the first stage
saturate after one-quarter of the
a-c power volt-seconds have elapsed.
The second-stage cores saturate at
the one-half point and the third
stage at the three-quarter point.
To insure a proper sequencing,
power for all three stages and their
switching circuits comes from the
same source. This removes the
possibility that line voltage or fre-
quency variations could alter the
signal and power sequences for the
cascaded stages.

The second and third stages of
amplification and their respective
switching circuits are operated di-
rectly from the 115-volt, 60-cps
source. The series line windings in
the second stage support 30 volts

SIGNAL le POWER QUTPUT
| INPUT _L DEAD
ke cvoLes TME R TITIME

FIG. 2—Waveforms in high-speed am-
plifier circuit of Fig. 1A

‘ Ro-c No—c Eo-c

200 200 ———
CORE =— =—— ={CORE

3 q

Ra-c N
Rs Nf Noe| MNi
Es  [CORE | Ry
l R,
CORE 2%

FIG. 3—Magnetic amplifier circuit de-
signed for full-wave operation
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FIG. 5—Input and output waveforms for 2-v 60-cps control signal with minimum delay (A) and maximum delay (B). Output (C) is

tor d-¢c step-voltage control
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FIG. 4—Cascaded three-stage magnetic-amplifier circuit for servo-moter control

for each core, so that saturation
occurs at the midway point for the
two cores. The line windings of
the third stage support 40 volts
each. This causes saturation in
both cores slightly before the three-
quarter point of the half cycle of
supply voltage.

It was impractical to design the
first stagze to support one-eighth
of the line voltage for each core,
since the small size of the cores
used would make the number of
turns prohibitive. For this reason,
a reduced line voltage for the first
stage was obtained by transformer
coupling of the switching cores for
stage 3. After both cores of the
switching circuit for the third
stage saturate, the line voltage of
stage 1 drops to zero. This does not
alter operation, since the cores in
stage 1 are all saturated and no
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signal is effective until the line
voltage reverses and the cores come
out of saturation.

Oscillograms were taken, using
a dual-beam oscilloscope, to illus-
trate the fractional-cycle response
of the three-stage amplifier. Fig-
ure 5A shows the input-output re-
lationship for a 2-volt 60-cycle rms
signal. The output starts approxi-
mately one-fourth cycle later. IFig-
ure 5B shows the maximum delay
for the three-stage amplifier. The
input signal starts just after the
saturation time of the cores in the
first stage. The output does not
start until the middle of the next
half cycle. Figure 5C shows the
response to a d-c input step. Out-
put load for the amplifier was a

450-ohm resistor for all cases.
Power gain is approximately
100,000.

WWW-americanradiohistorv.com

The damping network used to
stabilize the servo system of Iig. 4
serves a dual purpose. In addition
to providing error-rate damping
for the servo loop. the degenerative
feedback around the amplifier re-
duces amplifier drift. This type of
stabilization is made possible by
the fast response of the amplifier.

To provide damping for the servo
loop, the stabilizing network must
have lag. When used with three
stages of half-cycle response mag-
netic amplifiers, the stabilizing net-
work causes oscillations of the
amplifier because the lags of the
amplifier and stabilizing network
are too large to permit much nega-
tive feedback around the amplifier.

When used with the fast vre-
sponse magnetic amplifier, a large
amount of negative feedback can
be used around the amplifier with-
out causing oscillations. This re-
sults in a simple stabilizing system
and considerable reduction in drift
for the servo system.

Although the drift of this tvpe
of magnetic amplifier is inherently
low, the changing characteristics
of rectifiers, particularly those
associated with the first stage of
amplification, can introduce some
drift errors. Tests on the effect
of rectifier leakage were made by
shunting rectifiers with resistors
to simulate leakage currents three
times the manufacturer’s ratings.
With the stabilizing network reduc-
ing the effect of drift, the resultant
change in the output position of the
servo system was 0.1 degree. With-
out the stabilization, the drift
would have been between one and
two degrees.

The performance characteristics
for the system described are listed
in Table IT,
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High-Speed Counting
With One-Tube Decades

Hundred-ke counter uses decade scaler tube with 6J6 for zero reset. Experimental one-me

circuit has pulse resolution time of less than one usec.

Diode biasing makes possible

mterval timer and other circuits where scaling to less than ten is needed

INGLE-TUBE decade counters

have created considerable in-
terest because of their low power
drain, of particular advantage
where multiple scaling is required,
as in multichannel pulse-height
analyzers.

The EI1T decade scaling tube’,
Fig. 1, is designed for the counting
of voltage pulses at high speed. It
consists of the necessary electrodes
to form a ribbon-shaped beam of
electrons, a screen with ten slots,
each of which corresponds to a
digit from zero to nine and a
Hluorescent screen for displaying
the position of the beam. A feed-
back system using a fine-mesh
anode screen causes the beam to be
completely stable in any one of the
ten positions.

The left deflection plate is main-
tained at 160 volts, while the right
deflection plate will vary from
about 245 volts in the zero position
to 109 volts in the nine position.
Stepping from one position to the
next may be accomplished by ap-
plying a positive triangular-shaped
pulse to the left deflection plate.
The pulse rise time is fast enough
to move the beam from one stable
position to the next and the trail-
off time is sufficiently long to allow
the beam to stabilize itself in the
new position. The tenth pulse
moves the beam to the reset anode,
giving rise to a negative pulse
which may be used to reset the tube

*Now with Tracerlab Inc.,
sion, Richmond, California

Western Divi-
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FIG. 1—The E1T decade scaling tube
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FIG. 2—One-tube decade counter circuit
with passive eléments

to zero. The beam strikes the
fluorescent screen to indicate its
position. The position of the beam
is indicated electrically by the volt-
age of the right deflection plate.

Single-Tube Circuit

It is possible to operate the E1T
tube as a decimal counter using
only passive elements in the circuit
as shown in Fig. 2. Several of these
counters have been constructed and
operated with some success. It was
found that of 40 counter tubes on
hand approximately one-half oper-
ated in this circuit satisfactorily.
When the reset coupling capacitor
was increased from 100 vuf to 250
uuf, approximately 30 of the tubes

operated well in this circuit.

The common difficulty encoun-
tered was the problem of getting
the tubes to reset reliably to zero.
Some tubes reset to position one
regularly and others reset to zero
most of the time but to position one
occasionally. Since increasing the
reset coupling capacitor lowered
the maximum counting rate of the
tube, other, more complex circuits
seemed justified.

30-KC Counting

The circuit® shown in Fig. 3,
using a 6J6 to reset the tube on the
tenth pulse, was observed to have
4 maximum counting rate limited
by the reset time, as was also true
in the one-tube circuit, and by the
resolving time of the input uni-
vibrator V.. The circuits gave reli-
able reset to zero in a much shorter
time than the one-tube circuit.
Tube V, was operated as a univi-
brator, applying a negative pulse to
the control grid when triggered.
This cut the counter tube off and
allowed the right deflection-plate
voltage to rise, returning the beam
to the zero position. The time re-
quired was determined by the capa-
citance of the deflection plate and
wiring and the one-megohm load
resistance.

The univibrator also provided a
positive shaped pulse to drive the
next scaler tube or the register
driver tube. The counter tube was
capable of stepping from one posi-
tion to the next in about 5 micro-
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seconds but reset required closer
to 30 microseconds. For counting
speeds of less than 30,000 counts
per second this circuit was satis-
factory.

Increased Counting Rate

Primarily a modification of the
previous circuit, Fig. 4 shows a
circuit, with the reset mechanism
changed, capable of 100,000 counts
per second. Since the tube will step
from one position to the next in
less than 10 microseconds, no modi-
fication of this function was made.
The plate load resistor was changed
on the normally conducting half
of the 6J6, so that the voltage at
the plate was less than the right
deflection-plate voltage in position
nine.

When the beam strikes the reset
anode, the normally conducting half
of the dual triode is cut off and the

anode voltage correspondingly rises.

The rise is more rapid than in the
30,000 count per second circuit be-
cause of the reduced load resistance
(56,000 ohms in series with the
resistance of the coupling diode in-
stead of one megohm). Since the
diode is then in a conducting con-
dition the right deflection-plate
voltage also rises, bringing the
beam back to the zero position. The
cut off portion of the dual triode
begins conducting again, the time
determined by its own R-C time
constant, and the coupling diode is
rendered nonconducting so that
counting action can proceed.

This action takes place in about
eight microseconds, which is not
appreciably longer than the time
required to step the counter tube
from one position to the next. As
in the 30,000 count per second cir-
cuit, a shaped pulse is fed from the

cathode of the reset univibrator to
drive the next stage.

A 6ALb5 is used as the coupling
diode because of the inverse work-
ing voltage required, but it may be
possible to substitute a semicon-
ductor diode.

Scaling to Less Than Ten

In a number of timing applica-
tions it is often desirable to scale
to less than ten. A modification of
the circuit, Fig. 5, allows the tube
to perform this function. The right
deflection plate rises onlyv part of
the way toward the zero position
because of the conduction of the
diode and thus resets to whatever
position the voltage at the cathode
of the diode corresponds. The cir-
cuit constants given allow the tube
to scale by six. This converts, for
instance, 60-cycle pulses into -
second pulses for timing purposes

47K +300V
IMEG 39»4 guK
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FIG. 3—Philips 30,000 counts per second circuit. The 6]6 resets

the tube cn the tenth pulse
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FIG. 4—Circuit for driving the tube to 100,000 counts per second

incorporates certain moditications

175




and an additional scale of six con-
verts the rate to 1/100-min pulses.
The ecircuit preceding the scale of
six converts the smoothly varying
60-cycle current into sharp voltage
pulses capable of driving the uni-
vibrator-pulse shaper which in turn
drives the counter tube. Coupled
with a driver tube and a register,
this system then becomes an ac-
curate interval timer. Any scale
from one to ten is possible with
this circuit. It is probably not
economical to use less than a scale
of three, except for special applica-
tions where a range switch changes
the scaling factor of the tube.

Register Driving Circuits

Two register driver circuits have
been developed. The first circuit,
shown in Fig. 6, uses a 5963 (12-
AUT) tube as a long time-constant
univibrator. This tube is triggered
by the final counter tube or by the
reset univibrator if the faster cir-
cuits are used. The positive output
pulse from this tube is fed to the
grid of the 6AQ5 driver. This tube,
normally cut off, then conducts and
causes the mechanical register to
advance one count. The 6AQ5 re-
turns to the nonconducting state
when the positive voltage is re-
moved from the grid, as determined
by the time constant of the univi-
brator driving it. This circuit is
capable of driving the register to
its maximum reliable counting
rate.

The second circuit, Fig. 7, uses a
2D21 miniature thyratron to per-
form the register driving function.
Unloading of the 2D21 is accomp-
lished by the L-C network from
plate to ground. Although this cir-
cuit uses one less tube than the
first, it has the disadvantage of
having two one-uf capacitors as
part of the circuit. A 600-volt
(bathtub) dual capacitor may be
used. Both drivers work reliably at
300 volts anode supply and both
have the disadvantage of causing a
considerable drain on the high-volt-
age supply feeding them. A regu-
lated supply is adequate for supply-
ing both the counter and the driver
circuits, but if two separate power
supplies are used neither need be
regulated. A register requiring less
power than the Veeder-Root
counter used would materially re-
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FIG. 6—Register driving circuit uses
type 5963 as a long time constant uni-
vibrator triggered by the final counter
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FIG. 7—Register driving circuit employs
2021 miniature thyratron

Voltage waveform of right deflection
plate of EIT tube. Pulses are ten micro-
seconds apart

duce the cost and complexity of
the power supplies and would
probably allow both systems to be
operated from the same unregu-
lated supply.

A third register driving circuit
is given in Fig, 8. This is a modi-
fication of the circuit of Fig. 7,
in which the unloading of the
thyratron is accomplished by the
application of a 60-cycle a-c signal
at the plate. In addition, an in-
expensive power supply is pro-
vided, using two selenium rectifiers
in a voltage-doubler circuit, so that
the counter tubes may be operated
from a separate unregulated
supply.

One-MC Circuit

An experimental ecircuit, which
has been operated at speeds slightly
above one megacycle, is shown in
Fig. 9. The tube is caused to step
from one position to the next by
driving the right deflection plate
negative. One-half of the 12AX7
performs this function. Double or
triple pulse resolving time of this
circuit, exclusive of the reset fune-
tion, is essentially zero. This is
due to the faect that if two input
pulses appear at the same time the
tube will step two positions instead
of one. The reset is accomplished
in the same manner as in the 100-
ke circuit, except that a high-cur-
rent 5687 univibrator is used to
allow reduction of the plate load
resistor, and thus shorten the re-
set time. Reset is accomplished in
about 0.8 microsecond.

Random Pulses

If this ecircuit is used to count
random pulses, as from nuclear de-
tection devices, the resolving time
is made up of two factors: the
stepping time from one position to
the next and the reset time. Thus

T, = 09 T, + 0.1 T.
where T, is the dead time of the
circuit, 7, the stepping time and 7.
the reset time, If the input circuits
are arranged such that two pulses
occurring at the same time are pre-
sented to this circuit as a single
double-size pulse, the stepping time
T, is zero and the dead time be-
comes simply 0.1 7,, or 0.08 micro-
second.

The second half of the 12AX7
serves to amplify the pulse from
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FIG. 8— Modification of circuit in Fig. 7 with power supply. Photograph shows complete unit mounted on 4 by

the reset anode of the counter tube
to trigger the 5687 univibrator. By
its conduction, it maintains the first
half of the tube at cutoff. Use is
made of the change in tricde con-
duction with changing plate voltage
to provide smaller and smaller
pulses as the position of the beam
in the counter tube moves from
position zero to position nine, since
smaller pulses are required as the
right-deflection-plate voltage drops.

The size of the input pulse is
quite critical in this circuit, and
must be carefully controlled. The
shape of the pulse is not too im-
portant, as long as the proper
charge is delivered to right deflec-
tion plate. Two methods have been
used to provide this pulse. The first
used a saturation amplifier to limit
the pulse height and an open-ended
delay line to determine pulse width.
The second method used a univi-

65-MA
115V SELENIUM
RECTIFIERS

A

100

~ 220 VD<

820K

(&)
«
>
i)
T0
a9 D2t N34
w0 < FiL
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K=X1000 1

bratoy similar to the reset univibra-
tor. Pulse widths in both cases
were limited to about 0.3 micro-
second and pulse height to about
20 volts.

Two views of the experimental
unit are shown in the photographs.
The experimental one-mc strip may
be removed for modification. The
remainder of the unit consists of
the 100-ke circuit followed by three
30-ke circuits and the thyratron
register drive. An electronically
regulated power supply is used.

Magnetic Effects

Because the EIT tube is very
similar to a cathode ray tube, the
beam is considerably affected by
magnetic fields. This was demon-
strated in the first scaler con-
structed when the Veeder-Root reg-
ister was mounted directly over the
counter tubes. The magnetic pulse

150K

30K

25uuF =3
i T

a3 =5

1
30K S

330K

2K

K=X1,000

FIG. 9—Experimental one—mc scaling unit

circuit reliable enough for routine use
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. Furiher develcpment is needed to make

6 by 1'2 in. chassis

which occurs when the register is
triggered caused a disruption of
the counting function. This was
overcome by enclosing the register
in an iron box about d:-in. thick.

The EIT decade counter tube rep-
resents an interesting departure
from normal electronic develop-
ment, in that it is designed to per-
form a single, relatively complex
electronic task. Until very recently
this function was performed by
electronic tubes designed primarily
for other purposes. It is therefore
not surprising that the tube affords
a reliable and comparatively inex-
pensive means of accomplishing the
counting of voltage pulses at high
repetition rates. It is encouraging
that the design concept of special
vacuum tubes for specific functions
is being pursued. Although the
tube shows some inherent limita-
tions, it is not felt that these are
serious.

The counting speed of 100,000
counts per second is satisfactory
for most purposes, and speeds
above one mc have been demon-
strated at this laboratory and else-
where. With the termination of
the U. S. Atomic Energy Commis-
sion contract on June 30, 1954, con-
tinuation and completion of certain
phases of the work will be carried
on by the University of California
Radiation Laboratory.

REFERENCES
] (1) Philips Research Report, 7, 1 81,
52.
(2) Electronic Design, p 8. July 1953,
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Magnetic Recorder

By MAX HOBERMAN

Consulting Engineer
Magne-Pulse Corp.
New York, N. Y.

Four-channel magnetic record-playbarck
head and turntable

EVERAL METHODS are available
for transient analysis, partic-
ularly by means of a magnetic disk
recorder. Capturing the waveform
permits its study by the more con-
ventional techniques of steady-state
analysis.

Among the simplest parameters
that can be determined this way are
those including the measurement of
rise and decay times of electrical
circuits, area under curves and peak
amplitudes. These measurements
are based upon obtaining suitable
proportionality constants between
the ordinate of the record and a
parameter of the transient such as
voltage. current or acceleration. It
is also necessary to obtain a con-
stant of proportionality relating the
independent variable and the
abscissa (generally time).

Time calibrating marks and volt-
age or current standards fix the
reference and the procedure there-
after is straightforward. Purely
mathematical scaling methods can
be used to obtain rise and decay
times and slopes. Application of
numerical integration methods,
such as Simpson’s Rule, quickly de-
termine the areas under selected
portions of the record.

However, much more general in-
formation can be obtained from
transient records. Among the most
informative are those that depend
upon the techniques described
below.,

The resonant frequency of a
series RLC circuit can be written as

ey
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where w= Lll' and @ = w}%L
For large ’s this indicates that
the natural frequency of the

damped circuit does not differ much
from the undamped circuit. How-
ever, where the Q of the circuit is
low, the frequency of oscillation
may differ significantly from the
undamped case.

The logarithmic decrement of the
oscillation is defined as the natural
logarithm of the ratio of two ampli-
tudes of the oscillation differing by
one period, for example the natural
logarithm of the ratio of two suc-
cessive maximum points shown in
Fig. 1. In terms of the Q and the
frequencies of the circuit, the de-
crements can be given as

T wo
0

If the damped and undamped fre-
quencies are sufficiently close so
that ., = w, the logarithmic decre-
ment can be very simply written as
3 = 7/Q.

A measurement of § can be used
to obtain the Q of a circuit produe-
ing a damped oscillatory wave from
observations of the recorded trans-
ient and the natural logarithm of
two successive maximum voltages.
The corresponding evaluation using
steady state methods could be a
prolonged rrocedure.

The spectrum of a transient
record is most readily obtained from
the Fourier transform of the time
function and is given by the
inteoral

4+
g(w) = / She ity

This is equivalent to a continuous
spectrum for the single transient.
It is the property of the Fourier
integral that the effect on the fre-
quency spectrum of the waveform

8

repetition rate is to preserve
relative amplitudes between spec-
tral components. Thus recording
the transient time function on
a magnetic disk or tape will make it
possible to obtain the Fourier spec-
trum through use of a wave ana-
lyzer on its recorded output,.

Playback Analysis

The spectrum analysis made with
a wave analyzer on the output of
a transient recorder that plays back
the transient at a cyelic rate would
consist of a discrete frequency spec-
trum, with components spaced at
intervals corresponding to the repe-
tition rate of the recorder playback.
The continuous spectrum of the
single transient is the spectrum ob-
tained from this by drawing a con-
tinuous curve between peaks of the
discrete frequency spectrum. Also,
since the sense (positive or nega-
tive sign) of the spectral compo-
nents is not preserved, the absolute
value of amplitudes alone is
obtained.

LOGARITHMIC DECREMENT =
NATURAL LOG E,/E,: &

— .
t, \/ t, S~
tz_tx=_lf'

FIG. 1-—Waveform shews transient

method of determining Q

IF'requency spectra can also be
obtained from known tables of
time-frequency transforms, such as
that recently published by Hewlett-
Packard Corp. By observation of a
cyclic playback transient recorder
and the measurement direct from
the oscilloscope screen of a few
parameters of the time function,
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Arrests Transients

Single waveform on magnetic disk can be played back for oscillographic analysis giving

corresponding frequency function from parameters of the time function. Lquipment

includes novel circuit with independent a-c gain and d-c level adjustments

the corresponding frequency func-
tion can be immediately obtained.

A rapid method for the deter-
mination of natural modes of
vibration of either mechanical or
electrical systems depends on the re-
cording of the response to a system
excited by an impulse. Briefly, an
impulse is a function that is zero
except for an arbitrarily small in-
terval around ¢ = 0 where it be-
comes infinitely large such that the
area under the impulse function is
unity. The unique property of the
impulse is that the spectrum of the
impulse (obtained from the Fourier
integral) has constant amplitude
and zero phase for all frequencies.

It is this property of zero phase
at ¢ = 0 that gives infinite ampli-
tude of the impulse at this point.
Thus exciting a system with an im-
pulse is equivalent to exciting the
system with all frequencies simul-
taneously. If the system has a
natural mode of vibration at any
frequency, it will vibrate at this
mode, to produce a damped oscilla-
tion at that frequency. True
impulses cannot be obtained physic-
ally but sufficiently close approxi-
mations can be produced to enable
rapid determination of vibratory
modes in either an electric circuit
or a mechanical system. By re-
cording the output of such a system
when excited by an impulse the
natural modes will be directly
recorded.

A transient recorder developed
for the recording of four simultan-
eous transient events over the band-
width of 0 to 2,000 cycles simul-
taneously displays any two of these
events upon a dual-beam oscil-
loscope.

The electronic circuits include
a means for converting the desired
transient signal into a pulse-
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modulated wave-train, means for
recording the pulses upon a circular
magnetie surface, playback demod-
ulators to convert the record pulses
back into an electrical signal and
triggering and synchronizing equip-
ment to stop the recording process
after a transient has occurred. A
synchronizing system is provided
for triggering an oscilloscope
sweep at periodic intervals such
that cyclic playback is presented
on the oscilloscope as a stationary
pattern.

Storage Mechanism

Design of the mechanicat section,
was dictated by several consideva-
tions. The cyclic playback must be
synchronous to prevent speed fluct-
nations from manifesting them-
selves as spurious signals. In sim-
iliar equipment for short-pulse
recording, a permanently recorded
reference timing track was used to
minimize the effects of speed varia-
tions®. For the present application
the consideration of convenient
storage of the recording prevented

of speed is attained through the use
of a hysteresis synchronous motor
with an added disk to provide &
large moment of inertia. Vertical
runout, that is, up and down motion
of the recording surface, would not
be a serious problem at very low
speeds. At surface speeds of twenty
to thirty inches per second used in
this equipment the possibility of
recording head bounce with respect
to the surface (with consequent
signal dropouts) was a problem.

A specially machined turntable
was fabricated, which includes
three vertical serew adjustments
spaced symmetrically about the
surface to enable holding the static
and dyvnamic vertical runout to less
than one-thousandth of inch.
The multiple recording head cas-
sette is mounted on a low-inertia
pivoted arm capable of being ad-
justed for recording head paral-
lelism.

The recording surface is a speci-
ally prepared disk, made easily re-
placeakble by providing a boss as-
semhly to clamp the disk against

an

use of this technique. Constancy the turntable. To minimize head
. Vg Y THYRATRON  TRIGGER
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FIG. 2—Common unit includes thyrairon trigger., blocking oscillator and phasing-
signal generator. Record-playback switching is nct shown
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wear owing to friction, a compliant
rubber disk is placed between the
recording surface and the alumi-
num turntable. This disk provides
additional smooth travel by build-
ing up a static charge to hold the
recording surface flat. In this man-
ner an easily replaceable recording
surface was obtained, which per-
mitted the storage of a four- chan-
nel transient recording.

The recording head is a standard
Brush multichannel type with wide
spacing between the recording
heads to decrease crosstalk. A
compliant phosphor-bronze member
is attached to the recording head
arm to provide for adjustment of
head pressure and thus prolong disk
life.

The common unit (shown in Fig.
2) provides triggering pulses for
the individual modulators and gen-
erates a phasing signal from a
single pulse permanently recorded
on the turntable to provide a vari-
able phasing signal for oscilloscope
synchronization. A thyratron trig-
ger circuit stops further recording
once a transient has been recorded.

The 5.25 ke triggering pulses are
generated by a 12AU7 blocking os-
cillator V,, which is energized only
when the function selector switch
is in the record position. In this
way, possibility of crosstalk from
this source when the unit is replay-
ing a recorded transient has been
eliminated.

The phasing

gignal to enable

{TEST JACKS‘,
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FIG. 3—Modulator accepts 1-volt peak signals and is triggered by 5-kc pulses

As many as four inputs can be
connected to the modulators. In-
put level required by the instru-
ment is at least 1 volt into 100,000
ohms. Preamplifiers that extend
the input level down to 1 millivolt
into 1 megohm are used close to
the electrical transducer when
necessary. The input level poten-
tiometer on each individual unit
adjusts the gain of the modulator
to prevent overmodulation on peak
signals.

This is one consideration that re-
quires some knowledge of the amp-
litude of the expected transient be-
fore it occurs. However, in the
event that the peak amplitude is
unknown, a trial recording can be
made and the oscilloscope trace ex-
amined for evidence of overmodula-
tion. Then the event can be re-
corded again with a somewhat
lower setting of the input potenti-
ometer,

180

viewing any portion of a recorded
transient is generated by a mono-
stable multivibrator, V., which is
driven through amplifier V, from
a single pulse generated by a groove
filled with red oxide in the turn-
table. This pulse occurs once dur-
ing each revolution of the turn-
table and initiates the period of
the monostable multivibrator.

Duration of the period is deter-
mined by the R-C time constant of
the multivibrator, which can be
varied by a front-panel control.

The trailing edge of this square
wave is differentiated and used to
synchronize an oscilloscope driven
sweep. By this means the sweep
can be started at any desired point
with respect to the recorded tran-
sient and thereby any portion of
the transient can be viewed using
an expanded sweep.

The upper limit to the sweep
speed is limited by the persistence

of the cathode-ray tube phosphor,
but as small as 10 percent of the
recorded transient can be expanded
in this fashion to cover the entire
horizontal sweep of the oscilloscope
screen.

Shutotf Circuit

Since the instrument was de-
signed to permit the recording of a
transient at any time it may occur,
means are provided to stop record-
ing once such a transient has oc-
curred and has been recorded. This
is accomplished by opening a relay
in the output circuit of each modu-
lator after a transient has been re-
corded. This section of the com-
mon unit comprises V,, V, and V.
A special RECORD SIGNAL terminal
is provided on the front panel
When a small voltage is applied to
this terminal (such as would occur
by connecting to it the output of a
modulator that is to receive a
transient) the monostable multi-
vibrator V., is triggered and at the
end of its one-second period causes
thyratron V; to conduct. The plate
circuit of this thyratron is con-
nected to a relay in each modulator
that opens the modulator connec-
tion to the recording heads, pre-
venting further recording.

This delay multivibrator thus
limits the one-second of recording
to that interval immediately follow-
ing the application of a voltage to
its input terminals. These termi-
nals need not be connected to a
modulator input only, but provide
convenient means for the operator
to select the instant at which he
wants the recording period to be-
gin. For some applications it may
be necessary to begin recording
somewhat sooner or later than the

OUTPUT

FIG. 4—Detail of amplifier V, of Fig. 3
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FIG. 5—Demodulator unit converts signal into pulse-width modulated train before demodulation in low-pass filter

actual beginning of the transient.

When the thyratron has been
triggered, a front-panel indicator
lights, informing the user that a
transient has been recorded. A re-
set button momentarily disconnects
plate voltage to the thyratron thus
closing the modulator relay circuit.

The pulse modulator shown in
I"ig. 3 consist of a monostable mul-
tivibrator whose period is deter-
mined by the d-c level at the control
grid of V.. The 5.25-kc signal
from the blocking oscillator of the
common unit is applied to one grid
of V. and the amplified transient
signal to the other grid of this
cathode mixer. The sharp pulse
from the blocking oscillator trig-
gers the multivibrator and the
transient-signal component deter-
mines the recycling time of the
multivibrator.

Thus, variable-width pulses are
generated with a starting time de-
termined by the blocking oscillator
pulse and duration determined by
the information to be vrecorded.
Since variable-width pulses have a
low-frequency component, neon
lamps are used for d-c coupling to
the output amplifier V.. The d-c
amplifier V, is a novel circuit ar-
rangement permitting independent
a-c gain and d-c level adjustment of
an amplifier. Its operation can be
explained by reference to simpli-
fied schematic in Fig. 4.

The input signal is fed to one
grid of a cathode-coupled d-c ampli-
fier, whose other grid is grounded.
The amplified signal voltage ap-
pears between the plates of the
coupled amplifier. Potentiometer
2 in this figure is used for elimin-
ating any initial unbalance between
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tube sections. At the arm of 3 the
amplified signal appears at any
level up to the maximum gain pos-
sible and of either polarity with
respect to the input. Potentiom-
eter 1 controls the quiescent volt-
age at the plates of these tubes and
thus provides independent d-c level
setting while 3 gives independent
gain setting of the amplifier. By
adding a neon lamp between the
plates to limit the maximum plate-
to-plate voltage, 3 also selects any
portion of this voltage-limited sig-
nal. In this manner, neon tube
limiting can be obtained at any
voltage reference up to the maxi-
mum operating potential of the
neon tube. The output signal can
thus have independent gain and
level setting with limiting if
desired.

Demodulator Unit

Since the recorded pulses consist
of a train with constant-period pos-
itive portions and variable-position
negative portions, the signal must
first be converted back to a pulse-
width modulated train prior to de-
modulation in a low-pass filter. This
conversion takes place in the pulse
demodulator shown in Fig. 5. Tube
V, amplifies the read-out signal and
drives the grid of V... This stage
applies alternate-polarity symmet-
rical signals to peak selector V.
The peaks are clipped and amplified
in V... One half of V. comprises
a pulse position-to-width convert-
ing cireuit. The pulse train, now a
width-modulated signal, is ampli-
fied and applied to the low-pass fil-
ter, which eliminates the carrier
signal and passes only the informa-
tion component—that is, the low-

frequency component of the pulse
train.

From the filter, the signal passes
to the grid of a cathode-follower
and thence to the output terminals.
The output coupling is through an
extremely long-time-constant cir-
cuit to eliminate the d-c component
of the cathode-follower signal with-
out deteriorating the low-frequency
components of the recorded tran-
sient. Coupling of this type can be
safely use on transient recorders
that record to d-c since the play-
back signal is eyclic with a period
of one second. Thus, any time-con-
stant that will preserve a one-séc-
ond square wave without serious
distortion can be used faithfully to
play back signals with d-¢c com-
ponents.

When study of the transient is
completed, the recorded signals can
be erased by pushing the reset
button. This action starts recording
of the modulator-pulse train over
the previously recorded signals,
thus effectively obliterating them.
In this manner disks can be reused
many times. This process of con-
venient and rapid record and
erasure is particularly useful in
laboratory investigation where
changes are made in equipment and
the resultant output recorded and
immediately examined.

Thanks are due to K. Wisner for
assistance with the mechanical de-
sign of the transient recorder.
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Automatically Plotting

Continuous equipotential lines representing electric-field patterns are plotted with two-

percent accuracy on resistive paper. Technique avoids disadvantages of electrolytic meth-

ods. Typical uses include investigating fields in waveguides and between tube electrodes

ITHIN RECENT YEARS attempts

have been made to obtain
field plots in ways which avoid the
disadvantages of an electrolytic
method,” namely, the polarization
effects, surface tension and the use
of a spillable electrolyte. Such
methods are the use of a resistive
network® and the use of uniformly
resistive paper.®

All of these methods involve
either the determination of the po-
tential at fixed points, as in the
resistive networks, with the conse-
quent interpolation necessary to
determine specific field lines or the
manual searching for specific field
points and the subsequent manual
plotting of the Ilines connecting
these points.

In contrast to these methods, the
automatic field plotter is capable
of producing continuous field lines
without manual searching or plot-
ting and of drawing these lines
directly on the plot of the elec-
trodes. This is accomplished by
using the resistive paper technique
in conjunction with an X-Y re-
corder.

The plotter, is a modified com-
mercial X-Y recorder selected for
this purpose because of its large
30-inch square plotting surface.

Principles

The principles of operation may
be seen by referring to Fig. 1.
Electrodes, shaped as desired, are
painted with silver paint or re-
sistive paper. Appropriate connec-
tions from the silver-paint elec-
trodes are made to a 1.5-volt
battery. This sets up a field pattern
in the resistive paper.

The pickup probe resting on the
paper senses the voltage at that
point and through the sliding con-
tact refers this voltage, ¢;, to the
input of the servo amplifier. The
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positions of the knobs on the decade
potentiometer determine the wvolt-
age ¢,, which is also referred to the
input of the servo amplifier. The
algebraic difference between these
voltages, ¢,-e,, determines if the
servo motor will move the pickup
probe across the paper and, if so,
in which direction it will move.
Motion occurs until e, equals e, at
which time the servo system is in
balance and no further motion oc-
curs.

To obtain an equipotential field
line, the arm on which the pickup
probe travels is caused to move
perpendicular to the direction in
which the voltage is applied across
the paper. For a given potentiome-
ter setting, the probe will then
trace a single equipotential line.
By changing the potentiometer set-
tings and moving the probe back
and forth across the paper a com-
plete series of equipotential lines
will be plotted.

To obtain a comparison of the
performance of the automatic field
plotter with manual plotting sys-
tems, identical electrodes were silk-
screened on commercial plotting
paper® and on black paper such as
is used to interleave photographic
film. The equipotential lines ob-
tained by the commercial point-by-
point method are shown in Fig. 2,
on the left, and the continuous lines
drawn by the automatic field plot-
ter are shown on the right. The
plots shown indicate that the posi-
tion of the lines may be depended
upon to within 2 percent of the
distance represented by the total
potential applied.

Modifications

To convert an X-Y recorder to
this type of operation several modi-
fications are necessary:

(1) The pen must be insulated.
(2) Means must be provided for

(s
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FIG. 1—Simplified diagram of automatic electrostatic field vlotter setup
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Electrostatic Field Lines

FIG. 2——Typical field plot made with
manual method (left) and with automatic
field plotter (right)

taking the voltage from the pen to
the servo-amplifier input.

(3) A pen suitable for use with
conducting ink must be provided.

The insulation of the pen is ac-
complished by substituting a plas-
tic pen-mounting bracket for the
metal one provided with the equip-
ment as shown in Fig. 3. Cello-
phane tape around the metal plate
directly behind the pen arm pro-
vides the additional insulation nec-
essary to assure isolation of the
pen.

The voltage sensed by the pen is
transferred to the servo amplifier
by means of a sliding contact on
the pen carriage, which moves
along a rail to the servo-motor end
of the cross arm. Appropriate wir-
ing takes the pickup voltage from
there to the input of the servo am-
plifier.

The pen provided with the re-
corder is replaced by an arm de-
signed to hold a LeRoy lettering
pen.

Operational Requirements

A paper having uniform resistive
properties is necessary. This paper
should have a low resistance per
square, from several hundred to a
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FIG. 3—Pickup probe details; sliding
contact on rail; insulating bracket and
pen mount with LeRoy lettering pen

few thousand ohms. In addition to
its low resistance it should be pos-
sible to sense the voltage on it with
light contact pressure.

The silver paint used for the
electrodes must have a resistance
in the order of a few ohms when
properly dried. Air-drying silver
paint commercially available was
found suitable for this purpose.
Two kinds were used in the experi-
ments, one suitable for use with
brush or pen and the other suitable
for use with silk-screen.

Three methods of making con-
tact to the silver-paint electrodes
were used with good success.
Weighted probes are used with sim-
ple electrode patterns where it is
desired to change the patterns
readily. Cellophane tape may also
be used to hold fine wires in con-
tact with the electrodes. For com-
plicated patterns and for the best
contact fine wires may be soldered
directly to the silver paint using a
pencil-type soldering iron.

A number of inks were tried for
this application, the most satisfac-
tory being a diluted silver paint.

Very satisfactory results have
been obtained in the operation of
this equipment when two precau-
tions are observed. The plotter

Head, Cathode Ray, Storage and Phototube Section

FIG. 4—Field plotter in
silver-paint electrodes can be seen at
the top and bottom of the field lines

operation;

should not be expected to work
properly when plotting lines within
ten degrees of the line of motion
of the pen carriage. The sensitivity
control (a variable resistor in
series with the battery to reduce
the voltage applied to the plotting
paper) should be adjusted for op-
timum operation. This require-
ment is necessitated by the servo
system which operates most satis-
factorily when the potential gradi-
ent across the plotting paper is
uniform. If the gradient becomes
too steep the probe hunts and if,
on the other hand, it is too shallow
the probe fails to track the equipo-
tential line properly. For most
cases a satisfactory position can be
found. The device is shown plot-
tings an electrostatic-lens field pat-
tern in Fig. 4.

The help of Raymond Winfield
in setting up the equipment de-
scribed and performing the initial
experimentation with it is grate-
fully acknowledged.
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Hergenrother recording storage tube QK 245F (left) has both direct view and electrical output. Television signal readout (right) after an
hour’s storage in the QK 245F which has relatively low light output

Operation of CRT

Practical information for designers on how to obtain optimum operating conditions

with various storage tubes.

Limitations as well as applications of storage tubes are

discussed in detail to facilitate selection

ITHIN their applicable range,
W storage tubes possess many
advantages. An excellent cockpit
display of airborne radar is ob-
tainable by using either a dark-
trace or a direct-viewing storage
tube. These tubes provide excellent
visibility in sunlight and store a
clear distinct image from one scan
to another. Dark-trace tubes re-
quire simpler circuitry but require
several seconds to erase. Direct-
viewing charge-storage tubes have
faster erasure and can erase during
writing.

In computer use, electrostatic
storage tubes provide large storage
capacities with rapid access to in-
formation while in a special oscillo-
graph, storage tubes allow the re-
cording of single fast transients
with extremely wide bandwidths.

Some applications of several dif-
ferent storage tubes are given in
Table 1.

Construction

A storage tube consists of an
electron gun, deflection circuits and
storage elements. Three functions
are essential, namely: writing;
reading ; erasing of information. To
perform these functions, tubes are
built with one, two or three electron
guns. These electron guns are modi-
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fied conventional cathode-ray tube
guns. The output of a storage tube
may be visual, electrical or a com-
bination of both.

The storage surfaces are usually
a dielectric deposit on a mesh or

other metallic surface. These
screens have a tendency to flake
off with hard handling, which
causes possible blemishes, and

hence lack of storage capability at
certain locations on the storage
screen. A continuation of the elec-
tron beam following a sweep failure
can burn a hole in the storage sur-
face and limit the tube usefulness
by creating a blemish. Simple pro-
tective circuits such as a relay in
the deflection amplifier, which can
open the storage tube cathode cir-
cuit, can prevent this.

In tubes with mechanically sup-
ported meshes, these metallic
meshes are free to vibrate with
respect to one another. With volt-
ages impressed, the action is that
of a condenser microphone or a
microph