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THE STANDARD OF COMPARISON FOR OVER 20 YEARS

HIGH FIDELITY
TRANSFORMERS

FROM STOCK...ITEMS BELOW AND 650 OTHERS IN

LINEAR STANDARD series
Linear Standard units represent the acme
from the standpoint of uniform frequency
response, low wave form distortion,
thorough shielding and dependability. LS
units have a guaranteed response within
1db. from 20 te 20,000 cycles.

Hum balanced coil structures and multi-
ple alloy shielding, where required, pro-
vide extremely low inductive pickup.
These are the finest high fidelity trans-
formers in the world. 85 stock types
from milliwatts to kilowatts.

HIPERMALLOY series

This series provides virtually all the
characteristics of the Linear Standard
group in a more compact and lighter
structure. The frequency response is
within 1 db. from 30 to 20,000 cycles.
Hipermalloy nickel iron cores and hum
balanced core structures provide mini-
mum distortion and low hum pickup. In-
put transformers, maximum level +10db.
Circular terminal layout and top and
bottom mounting.

ULTRA COMPACT series

UTC Ultra Compact audio units are small
and light in weight, ideally suited to re-
mote amplifier and similar compact
equipment. The frequency response is
within 2 db. from 30 to 20,000 cycles.
Hum balanced coil structure plus high
conductivity die cast case provides good
inductive shielding. Maximum operating
level is +7db. Top and bottom mounting
as well as circular terminal layout are
used in this series as well as the ones
described above.

OUNCER series
UTC Ouncer units are ideal for portable,
concealed service, and similar applica-
tions. These units are extremely compact
.fully impregnated and sealed in a
drawn housing. Most items provide fre-
quency response within 1 db. from 30 to
20,000 cycles, Maximum operating fevel
0 db. These units are also available in
our stock P series which provide plug-in
base. The 0-16 is a new line to grid trans-
former using two heavy gauge hiper-
malloy shields for high hum shielding.

SPECIAL UNITS
TO YOUR NEEDS

If you manufacture high fidelity
gear, send your specifications
for prices.
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TYPICAL

OUR CATALOGUE B.

UNITS

LS-10X Shielded Input
Multiple line (50 200, 250, 500/600, etc.)
to 50,000 ohms . multlple shielded.

LS-19 Plate to Two Grids
Primary 15,000 ohms.
Secondary 95,000 ohms C.T.

LS-S0 Plate to Line
15,000 ohms to multiple line .. .
level.

+15 db.

LS-63 P.P. Plates to Vaice Coil

Primary 10,000 C.T. and 6,000 C.T. suited
to Williamson, MLF, ul.-linear circuits.
Secondary 1.2, 2.5, 5, 7.5, 10, 15, 20,
30 ohms. 20 watts. -

HA-100X Shielded Input
Multipte line to 60,000 ohm grid .. . tri-
alloy shielding for low hum pickup.

HA-106 Plate to Two Grids
15,000 ohms to 135,000 ohins in two secs
tions . .. 412 db. level

HA-113 Plate to Line
15,000 ohms to multiple tine . ..
level ... 0 DC in primary.

HA-133 Plate (DC) to Line
15,000 ohms to multiple line ..
level .. 8 Ma. DC in primary.

A-10 Line to Grid
Multiple line to 50,000 ohm grid.

A-18 Plate to Two Grids
15,000 ohms to 80,000 ohms, primary and
secondary both spht

A-20 Mixing Transformer
Multiple line to multiple tine for mixing
mikes, lines, etc.

A-26 P.P. Plates to Line
30,000 ohms plate to plate, to multiple
Ime

0-1 Line to Grid
Primary 50, 200,250, 500/600 ohms to
50,000 ohm grid.

D-6 Plate to Twe Grids
15,000 ohms to 95,000 ohms C.T.

0-9 Plate (DC) to Line
Primary 15,000 ohms, Secondary 50,
200,250, 500,600.

0-14 50: 1 Line to Grid
Primary 200 ohms, Secondary .5 megohm
for mike or line to grid.

CASE  LS-1 LS-2

Length 3is~
width . 2%" 31L”

LS.3

4-7/16" 5-13/16”

5

Height 312" 4-3/16” 4-11/167
15 Ibs.

Unit Wt.3 Ibs. 7.5 Ibs.

y
Case H-1
Length . . 233”
Width . 1- 15/16"
Height = = 313~
Unit Weight 2 Ibs.

H-2
3-9/16”
2-13/16”
342"

5 Ibs.

A CASE

Length

Width

Height

Unit weight ...

OUNCER CASE
Diameter
Height

Unit Weizht

1147
11"
2"

1 tb.

Yo"
1-3/167
1 o02.

UNITED TRANSFORMER CO.

150 Varick Street, New York 13, N. Y. EXPORT DIVISION: 13 E. 40th St., New York 16, N, Y. CABLES: “ARLAB"
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power
ina
package
by SORENSEN

THREE PRECISION
POWER SUPPLIES IN
ONE CABINET, TO
HANDLE ALL OF YOUR
LABORATORY POWER
REQUIREMENTS.

This newest Sorensen concept —Power in o Package —is designed
to give the research man, technician, or designer a wide range
of power outputs, all from one compact cabinet.

The unit illustrated will provide regulated power, simultaneously, as follows:
0-G600 volts DC at 0-500 mils, regulated +0.25%; 6 or 7 volts DC at
1.5- 15 amps, regulated +0.2%; 110- 120 volts AC, 0- 1000VA load range,
regulated +0.1%.

Many packaged power variations are possible, depending on requirements. Practi-
cal combinations can include any of the following instruments.

AC Regulators High-Current DC High-Voltage DC
150VA 67 v @ 5,15, 40 amps 0-325 v, 0-125 ma
250VA 12v@ 5, 15 amps 0-500 v, 0-200 ma
500VA 28 v @ 5, 10 amps 0-500 v, 0-300 ma
1000VA 6/12 v @ 5/10 amps 0-600 v, 0-500 ma
2000VA Dual 350 v to 60 ma
3000VA

1000VA .at +0.01% reg.

In addition, =0.01% frequency control in an auxiliary unit: 400 cycles ut
250V A or 1000V A; 60 cycles at 1000V A.

Consult our engineers for other power packages, comprising such instruments as
Rangers, AC meter calibrators, DC voltage reference standards, inverters, higher
capacity regulators and power supplies than those indicated above. Sorensen & Co.,
Inc., Stamford, Conn. In Europe, Sorensen A.G., Gartenstrasse 26, Zurich 2,
Switzerland.

Sorensen & Co., Inc,, ‘ Attach to your business or professional letterhead
375 Fairfield Ave., )

SORENSEN

Please send me further information on
Power in a Package and also a copy forense" & Co., Inc., 375 Fairfield Ave., Stamford, Conn.
of your latest catalog. 7

2 Want more information? Use post card on lost page. November, 1954 — ELECTRONICS



Operational Advantages
of the Decade Oscillator

Many advantages accrue from this type of RC Oscillator
once the operator’s initial prejudices towards an unusual
system of tuning have been overcome.

T is a psychological fact that the

merits of a new design, measure-
ment technique or apparatus are not
appreciated to their full value, if at
all, until the new device is withdrawn
and the old, which it superseded, is
forced upon the user. As a rule it is
difficult to persuade him that his old
methods were as unsound as this
comparison indicates; he will advance
a great variety of arguments to
demonstrate that he was justified in
using his older techniques, that the
tests used in the comparison were
unreasonable—that, in fact, he does
not wish to be persuaded.
This is particularly true of the decade
oscillator — a specialized form of
resistance-capacitance tuned oscil-
lator. RC oscillators have been in
common use for some years, the
frequency being altered by means of
a two-gang variable air capacitor.
In this way a range of 10: 1 can be
covered with reasonable accuracy.
The Decade Oscillator, on the other
hand, has been designed as a pre-
cision instrument: it does not employ
calibrated frequency scales: instead
the frequency of oscillation is con-
trolled by, and read directly from, a
seriecs of ‘decade’ dials just as
resistance is read from the dials of a
decade resistance box. This avoids
the residual errors introduced in
setting a dial to a graduation or in
interpolating between graduations.
Moreover, there is no ‘calibration
chart’; the frequency can in general
be read to 4 figures direct from the
decade dials.
But the full advantages of this type
of oscillator do not appear at once

Typical of the best in current design is the Muirhead-
Wigan D-650 decade oscillator covering Ic/s to 111,100c/s
with a frequency accuracy of + 0.29, or - 0.5¢/s.

to the user, more particularly if he is
accustomed to beat-frequency oscil-
lators : he tends to feel hampered by
the step-by-step frequency changes.
The smooth adjustments possible
with the BFO are, of course, abso-
lutely necessary for certain measuring
techniques; this field the decade
oscillator does not pretend to cover.
But once the wuser has become
accustomed to setting a frequency
directly from a series of decade dials,
and then dismisses from his mind any
doubts as to frequency drift, he
begins to appreciate the special merits
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Measurements made on aselective amplifier. Symmetry
of RH. & L.H. curves indicates high accuracy of
oscillator settings.

of the apparatus. If he, further, has
occasion to examine, in detail, the
cut-off of a filter or the peak of a
resonance curve, to take only two
cases, he should find the decade
oscillator well adapted for the pur-
pose : setting of frequency to 4 figures
is a matter of seconds, and highly
accurate incremental changes in fre-
quency are available in either minute
or large steps as the test may require.

WRITE UNDER YOUR LETTER-
HEAD FOR DESCRIPTIVE
BROCHURE
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Latest Previous Year Latest Previous Year
Month Month Ago Month Month Ago
RECEIVER TV AUDIENCE
PRODUCTION (Source: NBC Research Dept.)  Sept.’'54 Aug. ‘54 Sept. ‘53
(Source: RETMA) Aug. ‘54 July 54 Aug. '53 TV Homes, total 31,274,000 31,036,000 25,233,000
Television sets, total ... 633,387 306,985 603,760
With UHF ... ... .. .. 93,404 57,838 - BROADCAST STATIONS
N golor sets . .I.. L. 782.2‘.)9 32 - (Source: FCC) Sept. ‘54 Aug. ‘54 Sept. '53
adio sets, total ...... : 438,061 R TV stations on air. .. ... 428 413 288
With F-M ... 15,936 8,622 31,665 TV stations CPs—not on air 150 165 246
Hlome S€t§ ........... 280,6(7)7 150,002 299,939 TV stations—applications® 167 175-¢ 315
Sl s aaoos e SEp Ll 169,301 A-M stations on air. ... 2,616 2,603 2,488
ortable sets ......... 274'0(1) 39,447 145,460 A-M stations CPs—not on air 121 113 113
Auto sets ............ 5,008 191,512 376,937 A-M stations- -applications* 137 133 183
F-M stations on air. ... 559 561 571
RECEIVER SALES F-M stations CPs—not on air 14 10 21
{Source: RETMA) Aug. '54 July '54 Aug. ‘53 F-M ztiantng:;ri-sgphcatlons* . 3r 5
Television sets, units . .. 484,533 368,634 430,101
Radio sets (except auto) 447,025 411,197 491,431 COMMUNICATION AUTHORIZATIONS
(Source: FCC) Aug. ‘54 July ‘54 Aug. ’'53
RECEIVING TUBE SALES Aeronautical .......... 40,695 40,708 41,541
(Source: RETMA) Aug. ‘54 July ‘54 Aug. ‘53 Marine .. ... ..., .... 47,360 46,621 42,578
Receiv. tubes, tetal units 35,167,272 24,208,512 38,600,494 Police, fire, etc. ..... .. 16,109 15,926 13,966
Receiv. tubes, value.... $24,002,391 $18,082,753 $26,886,528 - Industrial ... .. R 22,132 21,867 18,364
Picture tubes, total units 855,191 514,346 879,169 Land transportation . ... 6,982 6,925 6,148
Picture tubes, value. ... $17,941,034 $10,102,903 $21,736,186 Amateur .. ... L. 121,762 120,409 113,341
Citizens radio ......... 8,143 8,093 3,937
Disaster ............. 305 305 251
SEMICONDUCTOR SALES Experimental ......... 600 592 469
July ‘54 June ‘54 July ’53 Common carrier .. ..... 1,699 1,661 1,287
Germanium diodes
Silicon diodes % ....... 608,446 960,112 742,102 EMPLOYMENT AND PAYROLLS
(Source: Bur. Labor Statistics)  July ‘54 June '54 July '53
————CQuarterly Figures——— Prod. workers, comm. equip. 342,700-p 337,500-r 406,800
Latest Previous Year Av. wkly. earnings, comm. . . $67.47 -p $68.51 $65.34
TRIAL Av. wkly. earnings, radio...  $67.03 -p  $67.32 -+ $63.50
%’TJ%ESSALES Quarter Quarter Ago Av. wkly. hours, comm. . . .. 39.0 -p 39.6 39.6
Av. wkly. hours, radio. .. .. 392 -p 39.6 -r 39.2
(Source: NEMA) 2nd ‘54 1st ‘54 2nd ‘53
Vacuum (non-receiving) $9,851,020 $8,971,335  $10,400,000 STOCK PRICE AVERAGES
Gas or vapor ........ R TAIED $4,589,239 $3,300,000 (Source: Standard and Poor's) Sept. '54 Aug. '54 Sept. '53
Phototubes . ........ N.R. N.R. $700,000
Magnetrons and velocity Radio-tv & electronics ... ... 3494 354.8 265.5
modulation tubes ... $16,429,553 $16,135,274  $10,500,000 Radio broadcasters ......... 3816 381.3 263.1
Gaps and T/R boxes. .. $1,914,313 $1,517,426 $1,700,000 p—provisicnal; r—revised
N.R.—not reported
FIG“RES UF THE YEAR TOTALS FOR FIRST EIGHT MONTHS
1954 1953 Percent Change 1953 Total
Television set production 3,785,519 4,754,285 —20.4 7,214,787
Radio set production 6,110,119 8,932,638 —31.6 13,368,556
Television set sales 3,658,927 3,546,407 + 3.2 6,375,279
Radio set sales {except auto) 3,269,115 3,875,293 —15.6 7,064,485
Receiving tube sales 225,084,844 308,222,911 —26.9 437,091,555
Cathode-ray tube sales 5,326,775 6,710,440 —27.3 7,582,835
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Swing To Transistors Gathers Momentum

Pocket-sized set uses four
transistors and special minia-
turized components

NEW MARKETS for manufacturers
c¢f transistors and miniature com-
ponents opened this month as an all-
transistor portable broadcast re-
ceiver was introduced. For other
transistor applications see p 6.

Scaling 3 x 5 x 11} in., the unit
weighs less than 12 oz and sells for
under $50. The manufacturer, Re-
gency of Indianapolis, has promised
availability this month.

» Design—The receiver uses four
npn  grown junction germanium
triodes. One is the mixer oscillator,
two are i-f amplifiers and one is
the audio amplifier. A germanium
diode detector is used. Power gains
of 34 and 40 db are achieved in the
i-f and audio stages respectively.

ELECTRONICS — November, 1954

Miniaturized components include
a tuning capacitor, transformers,
volume control, loud speaker and
ceramic capacitors.

The receiver is assembled by a
semi-automatic process employing
printed wiring and dip-soldering
techniques. A single miniature bat-
tery powers the unit.

Suppliers of special components
include: Texas Instruments (tran-
sistors and output transformer)
Jensen (speaker), Radio Condenser
of Camden (tuning capacitor),
Vokar Corp. of Dexter, Mich. (i-f
transformer), Chicago Telephone

Supply Co. (volume control) and
Centralab, a division of Globe Union
of Milwaukee (ceramic capacitors).

» Trends—Experimental transis-
torized receivers appeared some
years ago and since then several
manufacturers have been working
on a design for the consumer
market.

Principal stumbling block has
been cost—largely the cost of the
transistors themselves. Several
manufacturers indicate that they
have all-transistor radios in ad-
vanced development stages.

How Manufacturers Use Engineers

Industry has second highest
number of engineers per 1,000
employees but uses fewer aides

SOLUTION suggested by some indus-
try observers for the shortage of
electronic engineers has been to
make more efficient use of grad-
uate engineers by greater utiliza-
tion of engineering aides.

How the electronics industry
compares in this regard with other
industries is shown in a recent
study by the Labor Department.
It shows that while the industry
employs more engineers per thou-
sand workers than nearly all other
industries surveyed, it utilizes
far fewer engineering aides:.

» Chart—Standing of the indus-
try’s engineers compared to those
in three other closely allied man-
ufacturing fields is indicated in
the chart. For all the industries
covered in the study, the ratio
of engineers to total employees
ranged from 4 engineers per 1,000
employeces in the tin can and tin

MANPOWER IN ENGINEERING

76
W-ENGINEERS ”
v 80 D:=ENGINEERING AIOES g e
W J-DRAFTSMAN H
5 g
% 50 M =
w o
i=4
a &
2 g
L= 3
a 30 g
& "
a <
@
g a
ui 20 f=)
g 2
g <<
w
o} ] g 2
L :‘ q

ELECTRONC  ARCRAFT  LECTRICAL  ESDLATED

EQUPNENT  LPARTS  APPLIANCES  WIRE & CABLE

ware industry, to 39 per 1,000 in
communications or electronics
equipment and 41 per 1,000 in air-
craft.

> Aides—For all companies sur-
veyed, the number of supporting
technicians employed per 100
engineers averaged 120, made up
of 55 aides and 65 draftsmen. Com-
munication equipment firms along
with electric lamps, electrical gen-
erating and related apparatus, air-
craft and electrical appliances
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were among the fields that em-
ployed the fewest technicians rela-
tive to the number of engineers
employed.

Ship and boat building and re-
pairing was the industry with the
highest ratio of technicians to
engineers, an average of 103
engineering aides and 181 drafts-
men per 100 professional engi-
neers. Only electric lamp com-
panies with 26 engineering aides
per 100 engineers and electrical
appliances with 40 aides per 100

engineers utilized technicians to
a lesser extent than electronic
companies.

Other companies in the survey
employed from 48 to 103 engineer-
ing aides per 100 engineers. In
utilizing draftsmen the electronics
industry was lowest except for
electric lamp makers who em-
ployed an average of 12 draftsmen
per 100 engineers. All other firms
covered in the survey employed
from 33 to 181 draftsmen per 100
engineers.

PRINTED wiring boords mounhng transistors replace conventional circuits, as . . .

Computer Saves Space and Power

Experimental equipment em-
ploys 2,200 junction transistors
to replace 1,250 electron tubes

USE of transistors in an experi-
mental electronic calculator indi-
cates a design trend that may de-
velop an even wider market for
semiconductor devices.

The all-transistor machine is
comparable in function and capa-
city to the IBM 604—a medium-
sized machine of which over 2,000
are in use. The new machine
realizes a 50-percent saving in
space and a 95-percent saving in
power. More than 2,200 pnp junc-
tion transistors mounted on 595
printed wiring boards replace 1,250

6

electron tubes used in the standard
604 computer.

» Advantages—The all-transistor
machine, whose development was
noted some six months ago (En-
gineers Develop New Transistor
Uses, ELECTRONICS, p 6, Apr.
1954), consumes only 310 watts
against 6.2 kw for the electron-
tube model. A much smaller power
supply is employed and no cooling
blowers are required. Use of
printed wiring boards permits
automatic error-free assembly.
The computer is not presently
intended for commercial produc-
tion. Engineers indicate that the
transistorized machine presently
costs considerably more than the

corresponding model using elec-
tron tubes.

Introduction of the all-transistor
computer marked the opening of
IBM’s 179,000-square ft research
laboratory in Poughkeepsie, N. Y.

» Other Products—Other recently
announced items using transistors
include a transistorized tape re-
corder and a portable radio re-
ceiver. On display at the WES-
CON show in Los Angeles were
three transistorized instruments
including a General Radio micro-
phone calibrator using an audio-
frequency oscillator — the first
commercial instrument applica-
tion.

Video Tape Recording
Makes Headway

Two companies advance plans
for commercial debut of the
equipment

PROGRESS in the recording of video
signals on magnetic tape was indi-
cated last month when the two
leading proponents of the method
announced plans for the use of the
equipment. The Electronics Divi-
sion of Bing Crosby Enterprises
plans to deliver a wide-band re-
corder to the Air Arm Division
of Westinghouse in December for
ultimate use by the Air Force in
an airborne flight testing program.
RCA plans to test its experimental
tv tape equipment under actual
operating conditions at NBC in
December. Results of the tests will
be used to make further refine-
ments in the system.

» Technical—The recorder for the
Air Force is similar to the tv tape
recorder that was demonstrated
by Bing Crosby Enterprises. It
represents the first commercial ap-
plication of the head construction
and drive techniques developed by
the company over the last five
years for tv tape recording.

Tape speed on the Air Force
equipment is higher than that used
in the tv tape recorder, although
the transport mechanism and head

construction for the new machine
(Continued on page 8)
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Sylvania Offers You...

ANEW COMPACT DIODE LINE

Smaller Size...Greater Stability...

e

New improved
Sylvania T-1 Diode.
Actual size only

.125 inches in diameter.

In keeping with today’s trend toward miniaturization
in set and circuit designs, Sylvania offers a complete quality
line of compact crystal diodes with improved stability.

Thesc new components measure only .125 inches in di-
ameter . . . require only 1/6th the space of former units.

At the same time, due to advanced manufacturing tech-
niques and Sylvania’s new automatic precision equipment,
they provide far higher performance records.
' With these tiny diodes, you can be assured of more uni-
) form characteristics and closer tolerance limits . . . even

on large quantity orders.
Sylvania Electric Products Inc., 1740 Broadway, New York 19, N. Y.

This new T-1 Series also has recently passed MIL-E-

1B moisture-resistance tests. Now available in capacities

v for every need. For full details write to Dept. 4E-1611,
Sylvania today!

In Canada: Sylvania Electric (Canada) Lid.
University Tower Building, St. Catherine Street, Mantreal, P. Q. Another reason why it pays to specify Sylvania!

LIGHTING - ELECTRONICS * TELEVISION

RADID
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INDUSTRY REPORT— Continued

are basically the same.

According to J. E. Hinds, Jr.,
eastern sales manager, the wide-
band recorder has been designed
to meet a growing need for an in-
strumentation tape recorder to be
used in radar evaluation and in
pulse spectrum, phase and timing
analysis. It uses a total of 5 tracks
on one-half inch recording tape.
Featuring an extremely accurate

tape transport mechanism, the
wide-band recorder also circum-
vents the effect of tape drop-outs
by employment of discriminatory
elements in the playback equip-
ment.

» Parts—Major units of the air-
borne wide-band recorder are the
tape transport mechanism and
power supply for both recording

and playback, recording circuits
and playback circuits. The tape
transport mechanism is 40 inches
high, 17 deep, 19 wide and weighs
160 pounds.

The recorder’s power supply
measures 16 by 20 by 15 inches and
weighs 100 pounds. The recording
equipment consists of two units,
each 10 by 20 by 13 inches and
each weighing 35 pounds.

New Uses Expand Lie Detector Market

Deception tests for employees
and job applicants cut petty
theft losses in industry

ELECTRONIC techniques for getting
right answers without leaving a
mark on the body have been used
in police labs for many years. Al-
though most courts don’t accept
such evidence, information ob-
tained has helped narrow lists of
suspects and lead police to ac-
ceptable forms of evidence.
Leading instrument for detect-
ing deception is the Keeler Poly-
graph, sold for around $1,200 by
Associated Research, Inc. of Chi-
cago, This uses five tubes and has
three separate channels for record-
ing breathing, pulse rate and skin
resistance during carefully plan-
ned questioning. About 500 of

these are in use by state and city
police, sheriffs’ offices and district
attorney offices.

Simpler

one-channel instru-

test
setup, using pressure cuff, chest band
and wrist electrodes

Typical industrial  polygraph

ments, essentially high-range chm-
meters for measuring skin resist-
ance, are also on the market but
are rarely used in police work be-
cause it is easy to suppress one’s
emotional response.

» Accuracy of Tests—Interpreta-
tion of results is the most import-
ant factor in accuracy of lie de-
tector tests. The three-channel
machines themselves are essenti-
ally infallible, but human opera-
tors are not. They must phrase
special relevant and neutral ques-
tions for each particular situation
and interpret resulting chart devi-
ations even when a recalcitrant
suspect deliberately lies to every
question. The limiting factor in
expanding the police market is the
availability of trained operators.
To get greater accuracy, a re-
search team at State College of
Washington recommends use of
more elaborate circuitry for mon-
itoring blood volume, pulse wave

B

Proposed photoelectric ear clip for
monitoring oxygen in blood of suspect
to detect lies

velocity through the body and
oxygenation of the blood, because
these change with emotional stress
almost independently of conscious
efforts to deceive. The improved
sensitivity would give increased
accuracy in testing subjects whose
responses are inherently weak, but
this advantage must be weighted
against increased complexity of the
equipment.

» Industrial Uses—Defense plants
used lie detectors routinely during
the last war as part of a program
for screening out subversives and
many have continued this practice.
Another use was to reduce thefts

of small but costly tools.
Although some plants have their
own machines, most utilize the
services of some 50 private lie-de-
tecting practitioners who bring in
their own machines. A typical test
takes 5 to 10 minutes and costs $10
and up per person, depending on
thoroughness and the number of
(Continued on page 10)

Proposed r-f electrodes for monitoring
blood volume changes during emo-
tional reactions
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IT’S SPRAGUE FOR
Ceramic Capacitors

‘RING’ CERAMIC CAPACITORS
to clean up chassis

EVERY TYPE AND RATING FOR
SMALL OR LARGE PRODUCTION RUNS!

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

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

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

WIDELY-USED CERAMIC CAPACITORS
SPRAGUE ELECTRIC CO. ' =iy for electronics, radio, and TV

35 Marshall St., North Adams, Mass.

101Gt

i sPRﬂGUé L/
ovy N Yé

\ ‘.. /i

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

WORLD’S LARGEST CAPACITOR MANUFACTURER

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

persons examined. From 20 to 30
questions are usually asked, of
which only a few are relevant to
the goal of the test.

Another widely expanding in-
dustrial use for lie detectors is in
combatting petty theft by em-
ployees in retail stores. Some
firms now require job applicants to
take the test, which may involve
such leading questions as “Have

vou ever taken anything from an

employer?” To minimize em-
barrassment and employee re-
bellion, the examinations are
usually called polygraph tests.

Where petty theft piles up into
major losses or where inside co-
operation on a robbery is sus-
pected, the test is given to all
employees. Over a hundred of the
machines are in industrial use.

Electronics Rides More Rails

Fifteen more railroads install
radio equipment. Some roads
try television

STEADY growth in the use of elec-
tronic equipment on U. S. railroads
over the past few years is con-
tinuing in 1954. There are now
some 145 railroads that have in-
stalled and are operating radio and
inductive carrier systems com-
pared to 130 roads with equipment
in operation last year. Railroad
radio transmitter authorizations
total over 13,000,

» Major Buyers—The leading users
of railroad radio are shown in the
chart. It lists the number of
authorizations issued to each road
for fixed and mobile stations. Not
all of these authorizations have
been translated into operating in-
stallations as yet. Up to 1950, most
railroad radio allocations were for
fixed-station yard and terminal
use, but in the last four years the
emphasis has shifted to road trans-
mitters. Inductive carrier systems
in use account for about 10 per-
cent of total sets.

» Manufacturers—There are 12
manufacturers of railroad radio
equipment that sell to U. S. rail-
roads. In addition, numerous com-
panies share in the market through
test equipment sales. Microwave
makers also sell to the market al-
though the number of microwave
systems operated by railroads is
small. At present there are 2 sys-
tems in operation with 11 stations
covering 175 route miles.

» Television—Railroads continue
to experiment with industrial tele-

10
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AMERICAN RAILROA 3

vision. Southern Pacific recently
tested tv as an aid to yard men in
watching freight car movements
and general switching operations.
Other railroads have also tried tv
for switching operations but so far
none has fully adopted it.
Railroad communications men
say one of the difficulties in utiliz-
ing the equipment for checking
freight car numbers is that the
level of car numbers varies making
camera readjustments necessary.
In other cases, the car numbers
may be worn and illegible.
Despite this, roads are con-
tinuing to experiment with in-
dustrial tv and feel that there is
a place for it in railroad operation.
Applications of tv in railroad
terminals to transmit track infor-
mation to large screens in waiting
rooms, use as an aid to speed
customs checking and to see ahead
into train tunnels as a safety
measure are some of the areas in
which tv may find its place.

Electronics Firms Study
New Tax Law

Changes made may mean total
savings of $1.3 billion in
Federal taxes

COMPANIES in electronics that have
paid out a large percentage of an-
nual profits in taxes in recent years
are giving close study to the new
tax law passed by Congress. It
means substantial savings for
some firms; the amount depends
on individual company conditions.

» Changes—According to the
American Institute of Account-
ants, there are over 3,000 technical
changes in the tax law. Following
are some main changes:

Depreciation write-off is greatly
speeded. Some electronic manu-
facturers have enjoyed fast tax
write-offs on defense projects.
Under the new law write-offs are
speeded for nondefense purposes.
A much greater portion of the cost
of new, not used, equipment can be
written off in the early part of its
useful life. Under one new method.
for example, double the amount
previously allowed can be written
off in the first year.

Another change especially im-
portant to electronic manufactur-
ers is that research and develop-
ment costs may now be deducted in
the year they are incurred. It is
no longer necessary to wait to
get a patent or give up an experi-
ment as a failure before deducting
costs.

Small electronic companies that
are partnerships and proprietor-
ships can elect to report and be
taxed as corporations. This can
mean Jlower tax rates at certain
levels. Once the method is chosen
however, it must be continued un-
less there is a 20-percent change
in ownership.

Also of importance to the elec-
tronics industry is the aid given in
accumulating earnings for expan-
sion. Under the new law, a
60,000 accumulation-credit can be
granted. The penalty tax for over-
accumulation is applied only to the

(Continued on poge 12)
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Page-full of ideas for you

on Scritned, Mognaly

“MAGNETIC MATERIALS CATALOG”

Write for your copy

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

ADDRESS DEPT. E-11

“OFF-THE-SHELF" ITEMS or
SPECIAL SHAPES to suit your needs

Magnets of sintered Alnico offer endless opportunitics to designers
who need their useful combination of self-contained power and small
bulk. A wide range of sintered Alnico shapes are carried in stock
for quick shipment. Special shapes to meet an individual design
need can be developed, where the quantity required is large eneugh
to justify the tooling costs. Arnold sintered permanent magnets
are fully quality-controlled and accurately held to specified toler-

ances. @ We'll welcome your inguivies.

THE ARNOLD EﬁGlNﬁERfNG ?COMPA'I‘“IYR??

SUBSIDIARY OF ALLEGHENY LUDLUM STEEL CORPORATION
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C M General Office & Plant: Marengo, Illinois
~ DISTRICT SALES OFFICES . . . New York: 350 Fifth Ave. “
SIT” {os Angeles: 3450 Wilshire Bivd. Boston: 200 Berkeley St..
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IMDUSTRY REPORT— Cantinued

overage and not to the entire ac-
cumulation for the year as was
formerly the case.

» Dates—Those firms with an an-
ticipated tax liability of $100,000
or more must make their tax pay-
ments earlier in the year. A
schedule has been worked out over
a five-year period so that by 1959
a firm which uses the calendar
vear, for example, will pay its tax
in equal installments of 25 percent
in September and December of
1959 and March and June of 1960.
Companies with less than $100,000
will continue to pay 50 percent in
March and 50 percent in June.

Computer Simplifies
Paperwork

Data, recorded on tape, are
sent to centralized computer
location for analysis

INVENTORY control in a manufactur-
ing operation or a sales analysis in
a merchandising operation should
be much simpler with the use of a
new electronic computing system
developed by the electronics divi-
sion of National Cash Register Co.
Consolidation of information in
the form of stock numbers or sales
figures helps the people at manage-
ment level keep an accurate picture
of daily changes.

Part of the system consisting of
a large cabinet-like computer, a
magnetic tape unit and a control
console is kept at the central office
and costs about $150,000 installed.
An accounting machine with a
paper-tape unit costing approxi-
mately $6,000 is kept at each outly-
ing point (a warehouse for ex-
ample).

Records of transactions are then
kept on the accounting machine
tape unit at each remote point. The
information is fed by teletype or
direct mail to the computer center.
Computer results are then printed
on paper by means of an electric
typewriter unit. These same re-
sults can also be recorded on mag-
netic tape which acts as the com-
puter’s memory system. Review
can thus be made at any time.
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Army Plans 1955 Tube Procurement

Over 4 miliion tubes will be
bought comprising about 300
different types

TOP TUBE TYPES
IN MILITARY BUYING PLANS
427230 i I
300| [/ 5 fFomrce IR5
g | 1304 F}
-
o RN !
53 1 iss
Shhe N oe {
:Zzom NV | Nz
38 'l ’3[ P 4 E \J %
g2 v : = IN N
2| ] = ““ !
ES | \ |
o VAL
(o] % r 1“; s 1’ ] % it \
= ‘ 1% v | i
JANANINN|
} i/jr 111 I[ y j
o AAAAAININ|

BUSINESS that tube manufacturers
can expect from the Army Signal
Corps during fiscal 1955 is indi-
cated in procurement plans an-
nounced by the Army. The Signal
Corps will purchase more than 2.25
million tubes during fiscal year
1955 for the Air Force. The esti-
mate, subject to modification, is ex-
pected to include approximately
130 different types of tubes.
During the same period, approxi-
mately 2 million vacuum tubes will
be purchased for Army use.
Estimated requirements plan use
of 300 different tube types.

» Types—Predominant tube types
for each of the services are shown
in the chart. They represent all
types of which over 100,000 will
be procured during the year.
Amount of each of the hundreds of
types required range from as little
as 10 of type 6UR to 427,230 of the
1R5. The chart shows that nearly
half of the tubes for Air Force
use are battery tubes, that could
be used in consumer-type portable
radios. The 12AT7 can be used in
radar pulse circuits and the 5814A
is a ruggedized medium-mu twin
triode.

» Trend—With some 4 million
tubes to be procured by the Army
and Air Force in 1955 and assum-
ing about half as many for the

Navy, military sales may account
for some 6 million tubes in the
yvear. Receiving tube sales to all
government agencies listed by
RETMA were 10.0 million in 1953,
29.3 million in 1952, 8.7 million
in 1951 and 1.3 million in 1950.

Through July of 1954, unit sales
of receiving tubes to the govern-
ment totaled 2.6 million, half en-
tertainment types and half allied
receiving types. Cathode-ray tube
sales to the government for the
first seven months of this vear
were 24,539.

Motor Carrier Radio
Widens Mobile Use

RULE MAKING by FCC will expand
the market for mobile radio equip-
ment among truckers and bus
operators. The Federal agency has
created a new category of users
from three separate groups. Terms
of the new regulations will per-
mit greater frequency utilization
and provide intracity communica-
tion now effectively denied.

Although carriers of people (ex-
cluding services such as taxis,
school buses and sightseeing
tours) can obtain licenses under
the new system beginning Oct. 15,
carriers of property must wait.
Rules applying to trucking are
still in the proposal stage and the
freight carriers will be given an-
other chance to argue their needs
before final action is taken.

» Precious Channels—Available to
passenger carriers operating be-
tween cities are ten channels in
the region of 44 me. Four more
channels can be used within a sin-
gle city. In addition, there are 13
channels around 30 mec to be
shared with other services. De-
velopmental channels near 450 mc
number eight.

Proposed for common-carrier
truckers are nine channels around
43 mec. Three more (now tenta-
tively assigned among the first ten
for passenger carriers) are on the
block. If the truckers can show a
greater need than bus operators,

(Continued on page 14)

November, 1954 — ELECTRONICS



ELECTRONICS — November, 1954

ENCAPSULATION
IN GLASS

of diodes, transistors, and
other crystal semi-conductors

is now available with Kahle
equipment and know~-how!

glass has these advantages:

It offers a true, life-time hermetic seal.

It offers almost unlimited flexibility as to
size and shape. It answers the need
for miniaturization.

Tt is transparent. In cases where limited
transparency, or translucency, or color opacity
are desired, glass can be perfectly adapted.

Glass ig available in a wide range of physical
and chemical characteristics for special
purpose applications.

It is inexpensive and lends itself to automation.

00 b W N .

1t is readily cleansed and sterilized.

With Kahle machinery and methods

you can obtain high speed, low speed, or
laboratory production to meet any encapsulation
production requirements.

for complete details write today to

: Mlg ENGINEERING COMPANY

1310 SEVENTH STREET » NORTH BERGEN. N, J.

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

they may get all or part of these
channels.

» Other Issues—The new alloca-
tions have arisen in large part
because over-the-road vehicles
have found it legally impossible
to use their two-way radio within
cities—where they often need

communications most. The Com-
mission is suggesting that within-
city use of highway-truck radio be
limited to common carriers, ex-
cluding contract carriers from this
privilege. Suggestions as to how
in-city use should be permitted is
likewise up to the truckers, who had
until Oct. 1 to file briefs.

TV Transmitter Market Brightens

FCC proposal would permit
higher power in northeast and
eastern states

BROADCASTERS have for some time
been pushing quietly for a change in
the methods of assigning maximum
power outputs for television trans-
mitters. In accordance with propa-
gation data and the expected chan-
nel occupancy, FCC has until now
discriminated against low and high-
band vhf tv stations in the region
of the United States bounded
roughly by the Canadian border,
Illinois and a roughly circular line
some 175 miles in from the Gulf, ex-
cluding the whole of Florida.

In this area, called Zone I, maxi-
mum power is assigned as a de-
creasing function with height of
the transmitting antenna above
average terrain, starting at 1,000
feet. In all other regions of the
U. S., the full value of maximum
power is permitted up to 2,000 feet
above average terrain. After that,
it must be reduced with increasing
height.

» New Plan—The FCC proposal
would equalize the power-height
rules. This change would not
affect stations with an effective
height less than 1,000 feet. It
might make a considerable change
in other stations. For example, a
high-band vhf telecaster 1,300 feet
above the surroundings would be
able to jump his power from 135
kilowatts to the maximum 316 kw.
His signal strength would increase
by a factor of 1.54. In other words,
a set receiving a 50-microvolt sig-
nal would pick up about 78 micro-
volts—perhaps enough more to
give snow-free reception in certain
areas.

» Equipment Market — Although

14

there are many high-antenna
transmitters with plenty of power
just idling along under present
rules, most of them are likely to
be incapable of making such a
jump as that indicated in the ex-
ample.

Assuming an antenna with a
gain of 15 and a transmitter cap-
able of 10-kw output, this station
would probably require a trans-
mitter or additional amplifier of
25-kw output to take advantage of
the proposed rule change.

Some manufacturers are no
surer than dissenting Commis-
sioner Frieda Hennock that the
results will be entirely happy. One
industry expert says adoption of
the new rule would sound the
death-knell of uhf television. In-
terested persons have until No-
vember 25, 1954 to file written
comments.

Scoops To Replace
Dishes In Microwave

Horn-reflector entennas resembling
giant sugar scoops have been designed
by Bell Labs for use on radio relay
routes, The new antennas may even-
tually handle up to 20,000 telephone
circuits or 30 tv programs at one time

Electronic Firms
Profit In Patents

Majority of companies pay
and receive substantial
amounts in royalties

MANUFACTURERS in the electronics
field, probably more than most
other producers, build the bulk of
their equipment with the use of
patents of other firms in the in-
dustry. Through cross-licensing
agreements, some of the royalty
payments are nullified, depending
on a firm’s patent position, The fol-
lowing list of royalties paid by
major manufacturers in the in-
dustry in 1953 and 1952 indicates
the importance of patents in elec-
tronics:

Royalties T*aid

Company 1953 1952

Admiral $1,605,5611 $1,649,333
Avco 1,340,404 1,281,822
GE 3,482,000 3,931,000
Motorola 2,470,483 1,991,298
RCA 3,417,442 7,661,340
Raytheon 951,897 356,089
Stewart-Warner 407,344 285,034
*Qylvania 719,766 601,907
**\Westinghouse 12,412,661 9,475,924
Zenith 157,478 238,663

*Royalty income
**Rents & Royalties Paid

» Costs—The number of patents
that are held by individual elec-
tronic manufacturers varies widely.
Here are three examples as of the
beginning of this year: Du Mont,
433 ; Hazeltine, 1,824, IT&T, 18,000.

Royalty rates vary with the
equipment and the licensing com-
pany. However, for most equip-
ment, fees are between 4 percent
and 2 percent of the amount re-
ceived by a manufacturer for
licensed products. Thus, if the
royalty rate on a black-and-white
tv set is 11 percent, the patent
holder would receive about one
dollar for every 17-inch table model
sold by a licensee.

RCA recently reduced its royalty
rates on radios and black-and-
white tv sets and tubes. Rates were
reduced from 1% percent to % per-
cent on sound and auto radios using
tubes, and from 1% percent to 1%
percent on black-and-white tv sets,
black-and-white kinescopes and
other electron tubes. Sound and

(Continued on page 18)
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Barry Engineers
Report on
Design Methods

Technical articles written by Barry
engineers over the past severgil
years 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”, Dec.
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 Engineering”

July, 1953.
Bulletin R-537

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

Vibration and Shock Isolators

By Charles E. Crede. Reprinted
from “Machine Design”, August
1954. Bulletin R-546

Machine Mobility

By E. A. Johnson. Reprinted from
“Automation”, September, 1954.
Bulletin R-547

for control of

SHOCK anda

How to assure the operation

One way — used by Bell Aircraft
Corporation — is to subject every component
to a multitude of tests so as to minimize
possibility of failure. Barrymounts® that pro-
tect delicate electronic equipment, and Barry
VD impact-shock machines that provide high
accelerations for tests, play an important part
in the production of the guided missiles that
Bell Aircraft has designed and is marufacturing.

For assured protection of your elec-
tronic devices, we can furnish standard
Barrymounts® or can develop znd manufac-
ture special units for your particular needs.
And we can furnish shock-testing equipment
for your use or we can conduct your tests in
our shock and vibration laboratory. Write for
Bulletin BA-54.

SALES REPRESENTATIVES IN

Pholo courtesy Bell Aircref- Corporation

of a pilotless bomber

707 PLEASANT STREET
WATERTOWN 72, MASS.

ALL PRINCIPAL CITIES



for Lab Bench
or Production Line

The Type 1604-B Comparison Bridge is a
precision Resistance Bridge, Inductance Bridge,
Capacitance Bridge . . . and much, much more

. all in one completely self-contained unit. It . = VR .
will measure impedances, ranging from pure resis- OISSIPATION FACTOF.
tive to pure reactive, at any arbitrary phase angle -
from 0 to =90°. Accuracy is ==0.1% over the
range.

For use in production, it provides rapid and
convenient ‘g0’ /“no-go” indications with the
same basic accuracy. The cathode-ray-tube detec-
tor is calibrated at the desired sorting tolerance.
As rapidly as each successive component is con-
nected across the unknown terminals, the light
band on the scope indicates if the component is
acceptable.

With the Comparison Bridge, rapid production
testing of ¥4 % or 19 components is now possible
— these precision units need no longer be meas-
ured on slower and more expensive laboratory
bridges. :

“~The Comparison Bridge uses the h.ghest guality
components, including a specially designed double-

. shielded bridge transformer, and bridge ratio arms

. which incorporate the best precision resistors G-R

knows how to make.
b e, Type 1604-B Comparison Bridze: Price $390

Accuracy in Testing lnspecfmg .Adjusting

Winding Exact Turns on Precision Inductar

Several manufacturers have rigged up devices to
continuously measure impedance of precision in-
ductors as they are actually being produced. One

Precise Measurements in tha Development Lab
Where the impedance of a component must be
determined with a high degree of accuracy, a
precise substitution measurement can be made

GO/NO-GO Automatic High Speed Sorting

Photo shows G-R Comparison Bridge used in
automatic sorting of titinate capacitors for use
in Project Tinkertoy. The large error signal
available at the plates to the cathode-ray-tube
indicator can be used in many ways to operate
equipment for automatically rejecting those
components whose impedance or dissipation
factor are outside the limits set. G-R engineers
will recommend a simple external circuit for
automatically sorting components. Write, de-
scribing your particular requirements.

against a standard wnose value is close to that
ot the unknown.

In the photo, a standard Type 1401 Air Capacitor
and a Type 722 Precision Variable Capacitor are
connected across the ‘‘unknown'’ terminals — the
Comparison Bridge is balanced — the standard is
then replaced by the unkrown and the Type 722
reset for a detector null. The small difference in
the Type 722’s readings establishes to +0.01%
the deviation in value of the unknown from that of
the standard.

or two excess turns are purposely wound cn the
core — the “unknown’ terminals are connected to
the winding ends through a special jig — then, as
turns are removed, the cathode-ray-tube continu-
ously indicates the approach to the desired value.
Components with 0.1% accuracy are easily wound
in this manner.

\N{ /

GENERAL RADIO Comﬁany

275 Massachusetts Avenue, Cambridge 39, Mass., U.S.A,

90 West Street NEW YORK 6

8055 13th St., Stlver Spring, Md. WASHINGTON, D. C.

920 S. Michigan Avenue CHICAGO 5
1000 N. Seward Street LOS ANGELES 38 14
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The Comparison Bridge is Completely Self-Contained
Has Many Basic Advantages . . . .

Measures dissipation factor as well as magnitude
of impedance, thoroughly checking components tested.

Because small differences in impedance and dissi-
pation factor are compared, measurements are extremely
accurate -— accuracy is basically limited only by the
quality of the standard used — temperature-cocflicient
crrors and residual parameters tend to cancel as a result
of careful construction and symmetry.

Wide Impedance Range —

Frecuency l R | L | C
200 ¢ 20 to 20 Mo 2 mhto 1500 h 100 uf to 50 puf
1 ke 20 to 20 M@ 1 mhto 250 h 30 uf to 50 puf
5ke 40 to 2 M 200 xhto 10h 2 ufto 50 ppf

The basic *+=0.1% accuracy applies over most of the
range above; at extreme values of impedance, mecas-
urements are slightly less accurate.

Dissipation Factor Range and Accuracy

Frequency | Range l Accuracy
400 ¢ +.006 +(0.0002 +0.8% of impedance difference)
1 ke +.015 +(0.0005 + 29 of impedance difference]
5ke +.075 +(0.0025 + 10% of impedance difference)

=

Checking Center-Tapped Windings

Fixed or Variable R-L-C Components

To Chack Trackinz of Condensers

Three measuring frequencies are provided — 400
cycles, 1 ke or 5 ke — permits a wide range of measure-
ments, and accurate tests under optimum conditions.

Two impedance diflerence ranges for greater con-
venience inuse: 0 to =577, or 0 to ==20% full scale,
sclected by panel switch.

Instrument is completely self-contained — com-
priscs internal oscillator, bridge circuit, and high-gain
amplificr terminated in a cathode-ray-tube visual detec-
tor — amplificr is made non-lincar to keep indication
on scope over wide ranges, permitting bridge balance
without continual resetting of gain control.

Visual cathode-ray-tube detector response is in-
stantancous . . . no meter-ballistics difticulty . . . no
waiting.

Any component in lot under test may be used as
the standard of comparison — adjustable zero on im-
pedance-dificrence diat may be offset and locked to
correct for selected impedance’s deviation from the de-
sired nominal value.

Mcasurcments can be made with unknown
grounded or ungrounded, as desired.

Dimensions — 127 x 14% 7 x 107

Nect Weight — 2242 bs.

Matching Components to Close Tolerances
To select or to check matched pairs of resistors,

Impecances on either side of a center-tapped wind- Ganged potentiometers or condensers g . : 3

ing a» accurately compared 7o insure the tap iIs which must traz« each other within a %gptal%tfvzg ?érhq?nuﬁtsor?héhgnﬂag'g zri?egmpilr)]’d?cogtlesciﬁg
correcly centered. The windirg ends are connected given tolerance can be checked with a difference in impedance and dissipation factor be-
to the “unknown” and ‘‘starcard” terminals; the high degree of accurzcy and ease with tween the two p p

cente- tap goes to either ground terminal. The the Comparisor Bridge. Each section of '

bridge then directly indicates the extent to which a two-ganged unit is connected across

the terns on one side exceed those on the other. each sair of te-minals — the units are

then checked in a szcond or two by
rotating them through their range while
watching the cazhode-tay-tube. Checking
is continuous oser the whole range.

Since [215 — Manufacturers of Elcctronic Apparatus for Science and Industry

ADMITLANCE METERS MODULATION METERS SIGNAL GENERATORS
AMPLIFIERS MOTOR CONTROLS SOUND & VIBRATION METERS
COAXIAL ELEMENTS NULL DETECTORS STROBSCOPES

DISTORTION METERS OSCILLATORS TV & BROADCAST MONITORS

FREQUENCY MEASURING PARTS & ACCESSORIES  U-H-F MEASURING EQUIPMENT

APP AR ATUS POLARISCOPES UNIT INSTRUMENTS

FREQUENCY STANDARDS PRECISION CAPACITORS VARIACS®

IMPEDANCE BRIDGES PULSE GENERATORS V-T VOLTMETERS
LIGHT METERS R-1-C DECADES WAVE ANALYZERS
MEGOHMMETERS R-1-C STANDARDS WAVE FILTERS

G-F provides a wide

variety of resistance,
cagacitance and in-

ductance standards  Testing Small Precision Capacitors
for use with the Com- To measure small capacitors directly and with high
] accuracy, large capacitors may be used effectively to
re-calibrate the Comparison Bridge in terms of ca-
: . pacitance. For example: 100 wuf capacitors may be
with this bridge make  placed across each pair of terminals as in the photo,
for a flexible and and the unknown placed in parallel with one of the
large capacitors. The =59, impedance difference
: scale then reads +5% of 100 uuf or =5 puf. Each
pose measuring SYs diyision represents 0.1 ugf.

fem.

parison Bridge. These

units in conjunction

accurate general pur-
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auto radios using transistors stayed
at a royalty rate of 14 percent and
color set and color kinescope rates
remained at 1% percent.

Hi-Fi Takes The
Industry Spotlight

MoRE than 60,000 high-fidelity fans
attended audio shows in Chicago
and New York in the past month
attesting to the increasing growth
of the audio equipment market.
Attendance at the New York show
broke all previous records for the
event with an estimated attend-
ance of over 31,000. In Chicago over
28,000 fans attended the event.

» New York—Exhibiters displayed

devices ranging in size from
massive loudspeaker systems to
tiny record-playing styli. New

tape recorders, amplifiers, a-m and
f-m tuners, record players and
other audio equipments were on
display at the show. Held in con-
junction with the fair was the
annual convention of the Audio
Engineering Society under whose
sponsorship the show was held. A
total of 32 papers were read at 6
technical sessions.

» Chicago—Attendance at the
three-day event in Chicago also
broke all previous records, exceed-
ing the 1953 attendance by more
than 7,000 persons. There were 108
firms occupying 132 rooms with
equipment on display ranging in
price from $80 for hi-fi kits to
$8.000 for complete home theaters.

At the New York Audio Fair this Mid-
getape pocket recorder that utilizes 3
hearing aid tubes and printed circuits
was shown

18

Electronics Blooms In Power

More electronic gear is being
used with power generation
and distribution equipment

INROADS made by electronic equip-
ment into the power field are
pointed up by the steady increase
in the use of radio, microwave and
tv by utilities and the fourth-
coming exhibits at the National
Power Show to be held in Decem-
ber.

» New Techniques—An all-elec-
tronic load and frequency control
system will be introduced at the
show. The system employs con-
tinuous pulse-rate telemetering to
insure sensitivity and accurate
readings and may be installed with
any form of transmission, such as
wire, controlled carrier or micro-
wave.

A choice of control method is
also possible, including frequency,
schedule, tie-line bias, manual con-
trol and override. It is applicable
to a single plant or a system in-
corporating several plants and net-
work distribution.

The system is based on the
module plan for assembling inter-
changeable standard units and is
relatively low in cost because of
the resulting installation economy
and also because signals to each
station require only one channel,
whereas older systems required
three or four signal wires, or
multiple channels to transmit tur-
bine control pulses.

» Television—At the power show,
one exhibitor of industrial tv plans
to show a water-cooled lens system
which incorporates along with the
camera mount a double glass lens,
heat exchanger, pump and blower.
With this equipment, furnace and
other high-temperature operations
up to 3,000 degrees F may be tele-
vised. The new cooling system re-
duces infra red radiation and lens
temperatures at the camera below
120 degrees F.

Other exhibitors plan to demon-
strate electronic noise measuring
instruments, stroboscopes, elec-
tronic speed controls, electronic

controls for atomic reactors and
computers for robotized power
plants.

» Radio—Utilities have continued
to increase their use of radio.
There are over 65,000 transmitters
authorized for use by power utili-
ties, an increase of 5,000 in the
past year. Biggest increase has
been in mobile transmitters which
increased from over 56,000 last
vear to 60,000 this year. In total,
the number of transmitters author-
ized for use in the power field has
more than doubled in the past four
vears and power companies have
more transmitters than all other
users in the industrial radio
services classification.

There are 1,786 licenses issued
to utilitv companies making the
average licensee the user of some
36 transmitters. The average
number of transmitters per licen-
see for all industrial services is 27.
Today, according to FCC, the most
important application of radio by
public utilities generally is in con-
nection with restoring service in-
terrupted by fire, storm, flood and
accident, although the principal
volume of messages concerns rout-
ine maintenance activities, not
necessarily for emergencies.

Financial Roundup

LOWER net profits for some firms in
the electronics industry were in-
dicated in the past month as nine
companies in the fleld issued
profit statements. Three manufac-
turers announced new stock trans-
actions.

Following are the net profit re-
ports of nine firms for the fiscal
periods indicated:

Net [I'rofit

Company 1954 1953

Am. Cable & 1tadio 8Bm $906,970  $526,574
Aveo 9m oL 3,002,843 3,163,348
PDu Mont Labs 6m. .. 179,000 913.000
Electronic I<ng. 6m. . 27,142 14,517
Emerson ladio 29w, 1,146,676 2,333,227
CGarrett 12m ........ 2.817,907 3,084,984
Int’l Resistance 6m. . 123,080 318,620
Magnavox 12m ..., . 2,102,530 2,238,337
Raytheon 2m ....... 1,102,000 R84.000

» Securities—Clary Multiplier
Corp. registered with SEC cover-
(Continued on page 20)
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rCOMPUTER
» SCALER
- MISSILE

THamentary

SUBMINIATURE TUBES

ean do the job for you!

Raytheon Filamentary Subminiature Tubes are ideal for Computers, Scalers and Missiles
as well as for portable communication equipment.

LOW OPERATING POWER — total input as little QUICK HEATING — well under a second

as 6.3 milliwatts LOW MICROPHONICS — Raytheon CK512AX and
SMALL SIZE — as small as 0.06 cubic inches CK6419 are extraordinary in this respect
LONG LIFE — combined test data on all types show
NEGLIGIBLE HEAT TO DISSIPATE 58,000 hours of dependable performance for each
fail
RUGGED — up to 500G shock — standard fatigue sl
vibration HIGH EFFICIENCY — mutual conductance (micro-

mhos) as much as 4 times greater per watt of filament
RELIABLE FILAMENTS — tests indicate only one power as per watt of heater power in comparable
failure per 500,000 on-off cycles heater-cathode tubes

Characteristics of a few representative types of Raytheon Filamentary Subminiatures
are charted below. Complete data on all types are available on request.

WOT [ VOLT- | PLATE
e | oescriprion Jancnes | Racken | voire s | vours | Voo | voits | WA Sn |uimos| cin | “es.
1AD4 RF Pentode 1.50 .285-.385 1.25 100 45 45 | Rg=2meg. 28 0.8 2000 0.5
1AGS Diode-Pentode 1.50 .285-.385 125 30 45 45 | Rg=>5meg. 0.8 0.25 350 0.26
CHK5I2AX “Ampl.-Pentode 1.25 .285-.385 0.625 20 22.5 22.5 | Rg = Smeg.| RL = Imeg. |Rc2=2.7meg. 37
CK5676/6050 | UHF Triode 1.50 .285~.385 1.25 120 135 -5.0 40 1600
CK5678 RF Pentode 1.50 .285-.385 125 50 45 45 | Rg=5meg. 0.8 0.22 820 12
CK6088 AF-RF Pentode § 1.50 .285~.385 125 20 45 ~1.25 | 0.65 015 625 t10.57 0.7
CK6092 AF Pentode 1.50 .285~.385 125 50 45 45 -4.5 1.4 0.4 600 | t25
CK6286 UHF Triode 1.50 .285~.385 1.25 125 67.5 -2.0 6.0 2100
CK6397 RF Pur. Pentode § 1.625 0.40 1.25 125 | 125 125 -1.5 70 L1 1800
CKb418 AF Pentode 1.25 .235~.290 125 10 225 225 | -1.2 0.24 0.06 300 § t22 | 042
JKBMS Ampl. Pentode 1.00 .235-.290 0.625 10 15 15 -0.625 Rt =2.2meg. JRc2=3.3meg. 27
tPower output — milliwatts u N

RAYTHEON MANUFACTURING COMPANY

RAYTHEON MAKES ALL THESE:

ELECTRONICS — November, 1954 Want more information? Use post card on last page. 19



INDUSTRY REPORT —Continved

ing 250,000 shares of its $1 par
common stock. Proceeds of the new
issue will be applied approximately
as follows: $360,000 for additional
working capital; $340,000 to re-
tire unsecured current loans from
the Bank of America, the proceeds
of which were used for working
eapital; $200,000 for the develop-
ment of an electronic digital com-
puter expected to sell in the
$10.000 price range; $200,000 for
the development of other products
including guided missile control
mechanisms and business ma-
chines. The balance will be used
for tooling and equipment to re-
duce manufacturing costs.

Daystrom asked Tholders of
Weston Electrical stock to submit
tenders of up to a maximum of
35,000 shares of Weston, about 8
percent of the 423,221 shares now
outstanding. Daystrom offered to
buy the stock at $25 per share. The
firm previously acquired 73,179
shares of Weston and also holds
voting rights to 116,000 shares.
Daystrom now controls about 44
percent of Weston’s outstanding
stock.

Eastern Industries offered 100,-
000 shares of 5-percent cumulative
convertible preferred stock at par
(810 per share). Net proceeds will
be added to working capital and
are to he used to finance the in-
crease in inventories, work in
process and receivables.

Rectangular Tube
Shapes Up for Color

ANOTHER ENTRY, in the form of a
21-inch, rectangular, metal-cone
color picture tube, has been added
to the rapidly growing list of tubes
available to color-tv receiver man-
ufacturers. The new tube, recently
developed by DuMont, has a pic-
ture area of 225 square inches
and is of the shadow-mask type.

Final version of tube will be 21
or 22 inch and will have an all-
glass envelope. Price to set manu-
facturers is expected to be about
$175, the same as the price for the
eompany’s 19-inch round tube.
Samples are expected to go out this
vear and quantity production is
planned next year.

20

Auto Radic Makers Shift Output

Production is off nearly one-
third from last year; one manu-
facturer leaves the field

CHANGES that have taken place in
the auto industry in the past few
months go beyond those depend-
ent on variations in the automobile
industry.

» Qutput—During the first eight
months of this year auto radio pro-
duction totaled 2.5 million sets
compared to 3.7 million sets for the
same period in 1953, a decline of
1.2 million sets or a drop of over
32 percent. During the first eight
months of 1952 some 1.7 million
auto sets were produced and 1951
output totaled about 3.4 million
units for the period.

» Seasons—Auto radio production
is usually at its low point during
July and August, not only because
of plant vacations but because it
is the period when auto makers
begin model changeover plans for
the coming year. It is also the
time when some new auto radio

contracts are let. Most of the
auto radios produced are made
under two-year contracts from

auto manufacturers.

Sylvania Electric, which has
been producing automobile radio
receivers for Ford Motor Co. has
decided to drop out of the auto
radio business. The firm is not
planning to seek any new auto
radio business at the present time.

Bendix recently doubled its out-
put of auto sets. The firm has de-
livered nearly two million sets to
Ford since 1948.

» Transistors—Delco Radio, one of
the largest auto radio manufactur-
ers, recently announced the forma-
tion of a new semiconductor de-
partment mainly for research and
development into power transis-
tors that may eventually be used in
auto radios. According to the com-
pany, no plans are imminent for
the introduction of a transistor-
ized auto radio. However, it has
been rumored that an auto set

maker may bring out such a model
next vear.

» F'uture-—Despite the fact that
auto radio production is off this
yvear, auto radio manufacturers see
expanding business ahead. They
point out that auto companies
themselves look for a good year in
1955 and expect new passenger car
sales to run between 5 million
and 5.5 million units. Beyond that.
auto makers expect a gradual in-
crease in output for the next ten
years.

o

McConnaughey Named
New FCC Chairman

GEORGE C. MCCONNAUGHEY was
sworn in as a member and chair-
man of the Federal Communica-
tions Commission in October. He
holds a recess appointment ax
Ccemmissioner to complete the re-
mainder of the term of Commis-
sioner George E. Sterling, who re-
signed because of ill health. The
term expires June 30, 1957. He
also succeeds to the chairmanship
formerly held by Commissioner
Rosel H. Hyde, for a one-year
term. The new appointment, sub-
ject to Senate confirmation, keeps
the Commission make-up at feur
Republicans and three Democrats.

The new chairman joined the
Commission from The Renegotia-
tion Board where he has been
chairman since November, 1953.

He previously served as chairman
(Continued on page 22)
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ELECTRO TEC
SLIP RING
ASSEMBLIES

i

HIGH TEMP PLASTIC!

&
NEW ETC-7 (POLYESTER RESIN| t_’
USED ON ILLUSTRATED PART FOR i
HIGH TEMPERATURE OPERATION

GOLD RINGS!

2% W SOID COTD RiNESe= CO[:SJEEthL-EAFéatI\Tr%s were incorporated i

- re incorporated in
ENTIRE §'NG THJ?NESS ELEC- the assembly illustrated above, having 45
TRODEPOSITED* UNIFORM rings, dia. .180”, ring width .020", barrier
HARDNESS, 9010 10J BRINNELL. width .010”. Overall length, less feads 1.763".

Electro Tec Corp., in its constant endeavor
to keep pace with the most exacting
requirements, has developed these new
processes and products. They provide
flawless performance under conditions far
exceeding the capabilities of other types
of construction. Where high temperature

is involved, the superiority of these
assemblies is so marked, that acceptance
has been industry-wide. At the same time,
an increasing number of users are
specifying these assemblies for the
ultimate in dependability under normal
operating conditions. Inquiries will
receive prompt attention; no obligation.

AV

AN

, ﬂ\\\\\\‘\\\\'\\\\\\\\ﬁ\\

< 72 rings on integral support — no accumulated tolerances —
futfills electrical, minimum weight and space requirements.

Combining
low friction torque
slip rings (.060 dia.) with ref-
erence switch segments.

Dual purpose
assembly com-
bining “V" grooved signal cir-
cuits and wide power rings.

Miniature high
2 speed sampling
switch — 24 channels.

TEMPERATURE RANGE FROM —6Q° to 3 500°F.

PRODUCTS OF PRECISION CRAFTSMANSHIP
8Y A NEW AND REVOLUTIONARY PROCESS

ELECTRO TEC
CORP.

SOUTH HACKENSACK, NEW JERSEY

ELECTRONICS — November, 1954 Want more information? Use post card on last page. o]



IMDUSTRY REPORT—Confinued

of the Ohio Public Utilities Com-
mission from 1939 until 1945 and is
past president of the National
Association of Railroad and Util-
ities Commissioners. In 1945 he
resumed his law practice in Colum-
bus, Ohio until his appointment to
the Renegotiation Board last year.
The new chairman has stated that
he is pretty much on record as be-
lieving in as few controls of busi-
ness as possible.

» Honor—The FCC issued a scroll

paying tribute to Commissioner
George E. Sterling upon his retire-
ment,

1t has also adopted a resolution
that reviewed his advancement
during his 31 years of Federal
service leading in 1948, to the office
of Commissioner. “He brought to
that office an unprecedented ex-
perience in radio which had its be-
ginning in 1908, and as operator,
engineer, author and policy maker
has played a prominent role in the
development of the radio art.”

TV Business Failures Analyzed

Leading cause of going out of
business due to incompetence
or lack of experience

DURING the first eight months of
this year business failures in the
radio-tv manufacturing field have
been more numerous or more costly
to creditors than has been the case
since 1950. According to Dun &
Bradstreet, 32 firms in the field
ceased operations during the
period and had current liabilities
of $11.7 million, the highest
amount in the past four years.

» Befinitions — Business failures
include those businesses that
ceased operations following as-
signment or bankruptcy; ceased
with loss to creditors after such
actions as execution, foreclosure,
or attachment; voluntarily with-
drew leaving unpaid obligations;
were involved in court actions
such as receivership, reorganiza-
tion or arrangement or voluntarily
compromised with creditors. Cur-
rent liabilities, as used by Dun &
Bradstreet, include all accounts
and notes payable and all obliga-
tions known to be held by banks,
officers, affiliated companies, sup-
plying companies or the govern-
ment. They do not include long-
term publicly held obligations and
off-setting assets are not taken
into account.

» Why—According to the survey
of 1,857 manufacturing concerns,
the underlying cause for over half
of the business failures last year,

22

RADIO-TV BUSINESS FAILURES
16

4o|— =
| NO. OF

MANUFA(\ITURERS
| \

NUMBER OF COMPANY FAILURES
N
o

LIABILITIES IN MILLIONS OF DOLLARS

]
N

56 5 52 53 54

57.9 percent, was incompetence.
Unbalanced experience or experi-
ence not well rounded in sales,
finance and production on the part
of a management unit accounted
for 15.2 percent.

Lack of managerial experience
and lack of experience in the line
of business ranked next, 9.6 and
8.2 percent respectively. Other un-
derlying causes listed were fraud,
3.6 percent, neglect, 3.4 percent,
disaster, 1.6 percent and reasons
unknown, 0.5 percent.

» Comparison—For electrical ma-
chinery manufacturing, which in-
cludes firms in the electronics
field, the failure rate per 10,000
operating concerns in 1953 was 98
compared to 91 in 1952. The field
ranked fifth among 14 lines of
industry surveyed. More manufac-

turers in the furniture field failed
last year than any other type of
manufacturer with a rate of 186
per 10,000 firms. Leather and shoe
manufacturers followed with a
rate of 175, apparel manufactur-
ers, 129 and transportation equip-
ment, 118. Printing and publishing
firms and lumber companies were
lowest in failure rate last year
with rates of 16 and 13 per 10,000
firms respectively.

The study shows that 58.5 per-
cent of the concerns that failed
during 1953 had been in business
for five years or less, the period
when a business is most vulnerable
to failure.

Voluntary Conelrad To
Silence Radio Services

CONELRAD, the system of radio
silence designed to deny naviga-
tional information to enemy air-
craft, has recently been extended
on a voluntary basis. Amateur,
aviation, a-m, f-m and tv are al-
ready covered by the system and
participation is mandatory. The
new memorandum from FCC pro-
vides information to assist all
other stations operating below 890
mc in maintaining radio blackout.

» Control—Actual control of radio
silence stems from the Air Force.
Certain a-m, f-m and tv stations
disseminate the radio alert. Warn-
ing is sent out by interrupting the
station carrier twice and then
broadcasting a 1,000-cycle tone be-
fore transmitting the alert mes-
sage.

Government stations, designated
in advance, transmit the alert in-
formation by code and radiotele-
phone on 500 kc and 2182 ke,
respectively.

» All Stations—It is possible for
almost every station to receive an
alert by one or more of these
means. Until specific rules can be
formulated, FCC is inviting all sta-
tions to cooperate voluntarily by
monitoring an alerting station and
maintaining radio silence there-
after. It is not desirable or neces-

(Continued on page 24)
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PERATIONS
ONTROL...

DUPLEX SIGNALING UNIT

N
N

Centralized Operations Control is the
Hammarlund pro{rén\ method for remote su-
pervisory control and\qletering of all your
plant operations over a single circuit — tele-
phone line, carrier, radio orumicrowave. All
remote operations can be controled from one
or more main offices. AN

The system can be built into a new, plant
or used to modernize existing facilities. Y{)u

can buy a custom-built COC system, open~

ENTRALIZED

e Telemetering
e Control
e Report
On One Circuit

No matter which method you select, you
take advantage of the Hammarlund COC
building-block components that are engineered
and built to give long, dependable, trouble-
free service. An example of the type of com-
ponents built by Hammarlund for COC service
is the DSU described below.

For further information on COC, write to
The Hammarlund Manufacturing Co., Inc.,
460 West 34th Street, New York 1, N. Y.

N .
ended to meet future requirements, or you \\ASk for Bulletin 115.

can build one yourself using Hammarlund
components. And, most important, full use can
be made of all existing instruments.

Our growing list of satisfied customers in
the petroleum, chemical, transportation, metal
working, public utility and other fields reflects
and proves the versatility of COC.

3

“.» The DSU is an audio tone generator and
frequency receiver in a single package
unit that transmits and receives signaling,
dialing, telemetering, teleprinting, super-
visory controls and other information, It
operates over wire lines, telephone or
power line carrier, and radio or micro-
wave communications circuits.

W HAMMARLYND

SINCE 1910

Want more information? Use post card on last page.
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sary for every station to cease
operation, and FCC has spelled out
the details to show how partici-
pants can function, even during
the alert condition, in a publica-
tion available from its Washington
office.

Industry Flourishes

in New York Suburbs

Over 100 plants in Nassau and
Suffolk counties employ about
30,000 persons

MANUFACTURE of electronic equip-
ment has become a thriving indus-
try in New York City’s fast-
growing eastern neighbor. Long
Island, which extends nearly 110
miles from the city line to Montauk
Point and includes Nassau and
Suffolk Counties, is host to 127
electronics plants employing over
30,000 persons.

»Type of Plants—Nearly half the
plants manufacture some type of
electronic equipment as an end
product. The remainder are about
evenly divided between machine
shops producing for the industry,
manufacturers of components and
laboratories or engineering consul-
tants.

» Size—Half the plants have fewer
than 10 employees but these ac-
count for less than 500 total em-
ployees. Eleven concerns account
for more than 26,000. Largest of
these is the Sperry Gyroscope Co.
with about 16,000. Sperry, which
makes radar, weapons and naviga-
tional systems for government as
well as commercial airborne,
marine and laboratory equipment,
lists 159 local subcontractors and
contributes to the income of many
of the smaller plants.

» Location—The highly industri-
alized heart of Nassau county, in-
cluding the villages of Hempstead,
Garden City and Mineola, numbers
39 firms including many of the
largest. The populous south shore
communities contain 45 firms while
only 20 firms have located on the
north shore.
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Tubes Prominent at Business Show

Many dictating and facsimile
machines displayed; computers
take a back seat this year

ELECTRONIC EQUIPMENT is claiming
an increasing share of the busi-
nessman’s $2.5-billion annual
budget for office machines and
equipment. Exhibits at the Na-
tional Business Show held in New
York indicate that a wide range of
devices is gaining acceptance.
Equipment shown included several
tvpes of electronic dictating ma-
chines, intercommunication sys-
tems and office facsimile devices.
Electronic computers were not
shown in great numbers because
many manufacturers exhibit only
alternate years and computers
turned out in force last year.

» Dictating Machines—Nearly a
dozen firms had electronic dictat-
ing machines on display. These
machines recorded on a variety of
mediums including magnetic tape,

belts and disks, wire, plastic disks
and belts. Prices ranged around
$300-350.

Use of electronic recorders in
business is encouraged by central-
ized transcribing services fed by
intercoms and voice recording via
tape recorder of court proceedings.

» Facsimile—Electronic scanning
devices are entering the business
office to prepare master copies for
duplication processes, provide
rapid communications within the
business organization and address
mailing pieces.

Miscellaneous electronic devices
include an electronically con-
trolled gummed-tape dispenser,
electrostatic dry printing process
and a telephone amplifier to free
busy executives from “holding the
phone”.

An electronic multiplying punch
shown works from 40 or 21-column
cards and provides punched-card
accounting for small and meduim-
sized organizations.

Broadcasters Pinpoint Home Sets

TV has moved radio from the
living room into the kitchen
and bedroom

COMPREHENSIVE survey of radio and
tv sets in the nation’s homes made
for broadcasters by the Advertis-
ing Research Foundation shows
the place each has in the U. S.
household and gives set manufac-
turers new information on which
to base set styling changes. Ac-
cording to the preliminary report,
96.4 percent of U. S. homes have
radio sets in working order. More
than 45 million homes, represent-
ing 94.7 percent of all U. S. house-
holds, have a total of 100.9 million
radio sets in working order, includ-
ing 26.1 million car radios. An esti-
mated 27.6 million homes or 58.1
percent of all U. S. households
have 28.4 million tv sets that will
operate.

WHERE U. S. HOME RADIOS ARE LOCATED

—
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ROOM IN HOME

» Ownership—It was found that
97.1 percent of the tv households
in the U. S. have one or more
radio receivers that will work
while fewer, 91.3 percent, of non-
television homes have a radio set
in working order. In the 45 million
homes with radio, 26.8 million
have tv in operating order and
18.2 million do not.

(Continued on page 26)
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G-E engineering consistently aimed for and
achieved second-to-none quality in this transistor
product. During the past year we refused time
after time, to sacrifice quality to the urgency of
orders on hand. The thousands of hours invested
in development and test laboratories, in field
testing and application, earned this most
heartening response—every one of our
customers has applauded the extreme
reliability, the over-all superb quality

of these General Electric transistors.

The facts on delivery today are as follows:
We’re swamped with orders. We can only handle
your minimum requirements, Larger orders
will be filled as promptly as General Electric’s
greatly-expanded production lines swing
into “high”. So place your order promptly.
A shipment of G-E junction transistors applied
in your circuits will save space and power, and
reduce weight . . . as they deliver the important

design advantages listed at the right.

P'ogress /s Our Most Important FProdvct

GENERAL &3 ELECTRIC

Want more information? Use post card on last page.

TOP QUALITY UNITS
ARE NOW BEING SHIPPED

DESIGN FEATURES

SEALED JUNCTION . contam
permanently eliminated!

WELDED SEAM CONSTRUCTION
solder-flux contamination, )

HIGH POWER ouTPUT
| --.casedesign make
o . . . S
gﬂs’;nble a collector dissipation of 150

inating gases

..free from

HIGH FREQUENCY PERFORMANCE specifi
ifi-

cations cover operation at audjo and
Supersonic frequencies,

HERMETIC SEAL --unaffected by moisture,

HIGH TEMPERATURE OPERATION rated
sen €

fOr a max. unct;
mmum
] Ction temperature

LONG LIFE __ge;
-«.designed f, =
ble performance. o ngsenian:

A ‘ ---€xtremely compact des'gu
provides added flexibili ;
leation. exxb!hty for all ap-

. 3
.

g-s Ed recommends these germanium -

um‘is) )L;nctllon transistor triodes (P-N-P
Oor low-to-medju )

rts) > m power ap-
plications, for 8ains as foliows: =

2N43.. HIGH 2N45. . MEDIUM
2N44 .. INTERMEDIATE

We can’t tell ajj in

. 2 nutshell —
write today for complete specificsa(3
Eéons and delivery details. Section
X4114, qeueral Electric Com[)auy
Electronics Park, Syracuse, N.Y. :
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IMDUSTRY REPORT

Caonfinued

» Location—Styling and design
trends with which set manufac-
turers may have to contend is
evident from the information con-
cerning the rooms in which radio
and tv are located. The preliminary
report shows that of the 67.8
million radio sets in homes with tv,
53.9 million or about 80 percent
are not in the same room as the tv
set.

Although 17 of every 20 tv sets
are located in the living room, only
5 out of 20 radio sets are found
there. Nearly 5 million home sets
are portables, according to the
study.

Electronic Organ Sales
Swell in Volume

PRICED in a competitive range with
pianos, electronic organs are mak-
ing a rapid rise in the home music
market. Sales estimates for the
present year range from 2 to 40
percent over those for 1953. One
company estimates an industry
volume of over $75 million for this
vear and over $100-million in
1955. Another organ manufacturer
predicts a sales figure for 1954 that
will be nearly double the 1952
sales volume.

A major portion of the increased
sales are in the home market, al-
though many church pipe organs
are being replaced by the more
easily serviced electronic type.
Home sales have been spurred by
the development of chord organs
which can provide pleasing music
with a minimum of playing skill
and training.

» Kits—Electronic organs in kit
form are now being sold by a West
Coast manufacturer. Construction
sets for oscillator, shaping cir-
cuits, keyboards and sound ampli-
fiers are available from Electronic
Organ Arts of Los Angeles. When
the units are finished they can be
mounted in a console. Object of
the kit arrangement is to provide a
means of building up a one to
four-keyboard organ at a rate gov-
erned by the purchaser’s time and
budget.
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Oct. 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 H ot el
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. 15-17: Fifth National Con-
ference On Standards, Hotel
Roosevelt, New York, N. Y.

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

Nov. 29-DEc. 2: First Interna-
tional Automation Exposi-
tion, 244th Coast Artillery

MEETINGS

Armory, New York, N. Y.

Nov. 30-Dec. 2: First Elec-
tronic Computer Clinic, 244th
Regiment Armory, New York,
N. Y.

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

JAN 12-15, 1955: World Sym-
posium On Applied Solar
Energy, Westward Ho Hotel,
Phoenix, Ariz.

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

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

JAN. 20-21, 1955: RETMA Sym-
posium On Printed Circuits,
University of Pennsylvania
Auditorium, Philadelphia, Pa.

FEB. 4-6, 1955: Los Angeles
Audio Fair, Hotel Alexandria,
Los Angeles.

FeB. 1955: Western Computer
Conference, California, spon-
sored by IRE, AIEE and
ACM.

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

Industry Shorts

» Minimum transmitter power spe-
cifications in amendments to FCC
rules for ship radiotelephones
operating below 25 mc must be met
by present users and purchasers of
new equipment by July 1, 1959.

» Custom tv chassis with all cir-
cuits printed on plastic removable
strips has been introduced by
Walsco Electronics in Los Angeles.
The set employs 25 tubes and uses
9 printed circuit units that re-
duce hand-soldered connections to
56.

» Increases in tv set prices have
been made by six major manufac-
turers in the field and more are
expected to follow.

» Soviet Fishing Authority has
placed a substantial radio order
with Redifon of London, England
for transmitters, all-wave receiv-
ers, combined medium and short-
wave direction finders and as-

sociated units for installation on
20 deep-sea fishing vessels now
under construction for Russia.

» United Airlines has authorized
an expenditure of up to $4 million
for the installation of C-band air-
borne radar on 150 of its aircraft.

» World Series was telecast live in
Cuba through use of a DC-3 flying
at 8,000 feet that picked up the
signal from Miami and relayed it
via microwave to the Cuban na-
tional network.

» Television programs direct to
Cuba from the United States via a
high power uhf-tv link may become
a reality if an AT&T petition before
the FCC is approved.

» Tape recorders now in use num-
ber approximately one million ac-
cording to Webcor.

» Volume of electronics industiry
sales, as projected by RCA, is: $8.8
billion in 1954, $9.5 billion in 1955,
$10.9 billion in 1956 and $11.8
billion in 1957.
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How would you handle this electrical parts problem?

Combination starter, contain-
ing parts molded of Mon-
santo’s Resinox 3700
thermosetting material, man-
ufactured by Arrow-Hart
& Hegeman Electrical Co.

ELECTRONICS — November, 1954

GON -

SERVING INDUSTRY . ..
WHICH SERVES MANKIND

Arrow-Hart
solved 1t with
new

Arrow-Hart & Hegeman Electrical Company of Hartford, Conn.
needed a strong, stable, electrical-grade material with high arc-
resistance for important parts of their combination starter shown
here. They specified Monsanto’s new thermosetting molding powder,
Resinox 3700. Result: Complete satisfaction!

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

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

It has excellent moldability and relatively good impact resistance, plus good transfer
molding properties.

It offers superior heat resistance.

Perhaps Resinox 3700 is exactly what you need to solve an electrical

equipment problem. Write today for full information!
Resinox: Reg. U. 8. Pat, Off.

e 6 o o o o o o o o o & o °© ¢

MONSANTO CHEMICAL COMPANY, Plastics Division, Room 2506, Springfield 2, Mass.
Please send me complete information on Monsanto’s new Resinox 3700 arc-resistant
material.

Name & Title

Qmpany

Address

City, Zone, State

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



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

o AIRPAX has built
nearly !4 million choppers

o AIRPAX maintains an
engineering staff constantly
striving to improve choppers

o AIRPAX has ample capacity
for large volume production
of choppers

e And AIRPAX choppers have
proven performance
life and reliability

y ——mnS——— ™

DESIGHENS ENGINEEZRS Gt
o FITS 7 PIN
MINIATURE
SOCKET

Weighs less than | oz.
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Hermetically Sealed,
Provides an Efficient
Source of 400 Cycle
Power to Handle Small

Motors, Gyros and Selsyns

A NEW 400 CYCLE
VIBRATOR

Provides ideal
Source of Power
For Mobile
Applications.
Reliability Plus a
Very Small
Power Supply



_ er £ introduces a NEW line of
z'nsulatzbn-—measurz’ng mstruments with

500-TRILL|ON-O|HM SENSITIVITY
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This range zs necessary to cover modern z'nsulatz'ng materials

Tera-Ohmmeters, by R. Jahre—one of West Germany's leading instrument SPECIFICATIONS:
makers—brings to laboratories, factories and field work the unprecedented Tera-Ohmmeter —Type H
sensitivity range of 500 teraohms (500 x 10'* ohms) . . . for thorough evalua- Range: 2 megohms to 500 x 10® megohms in 6 ranges.
tion of insulation materials. They are outstanding for high-accuracy measure- Test Voltage: Adjustable from 100 to 1000 v., dc.
ments ... +3% in center of scale for all ranges. Accuracy: =39% in scale center.

Applications include the testing of resistors, capacitors, cables, switches, Power Supply: 115 v., 50-60 cps. Instrument can also be
tube sockets, transformers and many other components ...incoming inspec- operated from its own battery supply.
tion, quality control, engineering . .. also the testing of surface conditions, Weight: 44 1bs.
hygroscopic behavior of materials, insulation of transducers (with 10-volt Price: $895 net, FOB, Clifton, N. J.
test voltages). Test samples can be measured grounded, ungrounded, or with Te'“'Oh;‘";e'efs—TYPe D

ard-ring electrode. S . .

& Tera%Ohmmeter sensitivities range from 200,000 ohms to 500 x 10" ohms. 'I‘]prle' _Yggj'g? 0.2 mesgth:sSlg"(’stxa?gginegohms. l;‘:;;
Fixed test voltages of 10, 100 and 500 volts are available; one model provides D2..100v.. 2 megohms to 5 x 10° megohms. . . .. $590

variable test voltage from 100 to 1000 volts. Operation is from line or self- PR ei e e el B USRS T R by
Power Supply: 115 v., 50-60 cps. Instrument can also be

contained batterle‘s. ] . operated from its own battery supply.
For further information on Tera-Ohmmeters—today’s most sensitive Weight: 22 lbs.

instruments of their type —mail the coupon to Federal’s Instrument Division. Note: Other types available to cover ranges from .2 megohm

to 250 x 109 megohms — with 2 fixed test voltages of 10 and
100 or 100 and 500 volts.

r___—————————————_-

I Dept. S-213
gTRUME,\, Federal Telephone and Radio Company
S OWISIONYA 4 Instrument Division, Clifton, N. J.
yomd L0ACTA
N : 2%tonor Please send further information
,@: M I D on Tera-Ohmmeters,
“Moner * I D Please send the latest catalog
k d > (Q l of Federal Test Equipment.
Jelephione and Kadio Company | ..
A Division of INTERNATIONAL TELEPHONE AND TELEGRAPH CORPORATION I Company
INSTRUMENT DIVISION I Address
100 KINGSLAND ROAD, CLIFTON, N. J. i City Zone. State

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



ST LE 818 STYLE 828  STYLE 415 STYLE 412  STYLE 413

E-ie offers a wide selection of disc and molded-
type ceramicons for high voltage service. Avail-
able in ratings between 1000 V. and 30 KV. for
high potential tuning, by-passing and filtering
applications.

TR

STYLE 831 STYLE 801 STYLE 811 STYLE 821

Values up to .0047 mfd at 500 V. are available
in tolerances as close as = 5%. Capacity varia-
tions with temperature, age and voltage are
exceptionally small. A truly premium capacitor.

S

SREE 8 STYLE FA

Values from 15 mmf to 8100 mmf are available
in tolerances as close as = 2%. Rated at 500
VDCW. "Q" value exceeds 1000 for values
above 100 mmf. Available for maximum operat-
ing temperatures of 85°C. and 125°C. Extremely
low inductance makes these very compact
capacitors ideal for VHF and UHF applications.

STYLE 301 STYLE 331 STYLE 801 STYLE 811

To meet exacting temperature compensation,
by-passing, coupling and filtering requirements.
Compensating units available from .75 to 1380
mmf. "Hi-K"" by-pass units available from 100
mmf to .01 mid.

STYLE 2405

7

STYLE 325 &
STYLE 323

¥

STYLE 2438 STYLE 2433  STYLE 326  STYLE 357  STYLE 327

Erie offers a wide selection of chassis—mount-
ing capacitors designed to overcome radiation
and critical by-passing problems. Available in
both temperature compensating and “Hi-K" ma-
terials. Manufactured in values up to 1500 mm§
with 500 V. rating.

Ceramicon, Hi-K, K-LOK, GP, Button, and Plexicon are registered trade names of Erie Resistor Corporation

ERIE RESISTOR CORPORATION . . . ELECTRONICS DIVISION

\IESISTOB CORP.

Moain Offices and Factories: ERIE, PA.
Sales Offices: Cliffside, N. J. ® Camden, N. J. ® Chicago, Ill. ® Detroit, Mich.
Cincinnati, Ohio ® Fort Wayne, Ind. ® Los Angeles, Calif. ® Toronto, Ontario

Moanutacturing Subsidiaries:

HOLLY SPRINGS, MISSISSIPPI  LONDON, ENGLAND © TRENTON, ONTARIO




NOW AVAILABLE!
BROADBAND POWER METERS

THE CHOICE OF ALL ARMED
SERVICES FOR MICROWAYVE
POWER MEASUREMENTS

POWER { ;W' 5w average
FREQUENCY { 20MC — 10,000MC
ACCURACY {{ieniss semperarres

.« . INDICATIONS: Direct Reading

. « . CALIBRATION: Compensates for All Variables

« « « R~F COMPONENTS: Iincluded, 3, 6, 10 and 20db
Attenuators, Bolometer Mount and Elements,
R-F Cable

. . . BOLOMETER: Broadband, High Overload Capacity

« « « PLUMBING: 3%"” and 7" 50-ohm Coaxial

... POWER SOURCE: 115VAC +15%,, 50-1000 cps

. . . CONSTRUCTION: Rugged, meets all JAN, MIL re-
quirements

The Standard Item of Test Equipment for
All Broadband R-F Power Measurements . . .

TYPICAL APPLICATIONS

Microwave Links . . . Television . . . Communications . . .
Radar . . . Telemetering . . . Signal Generators . . .
Laboratory Standards.

Write for descriptive literature to Department BE-11

Bruno-New York Industries Corporation

DESIGNERS AMND MAMUFACTURERS OF ELECTRONIC EQUIPMENT

450 WEST 24th STREET - NEW YORK 1, M. Y.

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

High Resolution
Laboratory Standard
DG Voltmeters

For most applications these rugged port-
able, self-contained nulling voltmeters replace
a potentiometer, volthox, galvanometer and
standard cell combination. They are suitable
for lahoratory use, production line testing and
field service.

Model LVM-5

Voltage Range: 0-100 Volts DC
Resolution: At least 50 microvolts between 0 and 1 volt
500 microvolts between 1 and 10 volts
5 millivolts between 10 and 100 volts
Absolute Accuracy: =+ 0.1% of reading
Input impedance: Infinite at null

Model PVM-4

Voltage Range: 0-600 Volts DC

Resolution: At least 5 millivolts between O and 10 volts
50 millivolts between 10 and 600 volts

Absolute Accuracy: == 0.1% of reading

Input Impedance: Infinite at null

Catalog PL- 4 describes these instruments completely,
including their use as deflection potentiometers, null
indicators and millimicroammeters. Copy on request.

IDA analog computers and accessories are manu-
factured by Computer Company of America, Division
of Bruno-New York Industries Corp. Their usefulness
in the field of dynamics has been proven over the

ML EE LR XN )

A complete line of standard computers, instruments
and regulated power supplies is supplemented by the
ability to design and manufacture specialized equip-
ment for your particular applications. Your inquiries

are invited. ﬁ
LN

compuler Company of America
DIVISION OF BRUNO-NEW YORK INDUSTRIES CORP.

NEW YORK 1, N. Y.

460 WEST 34th STREET .

November, 1954 — ELECTRONICS



NOW.. ;1\ 1 3 orrens

RESISTORS TO MEET MIL-R-26B CHARACTERISTICS

G, F, AND 11

IN A

WIDE RANGE
OF SIZES AND

RESISTANCE

VALUES

TAB-
TERMINAL
TYPE

Characteristics
G, F,and V

FERRULE-
TERMINAL
TYPE

Characteristics
G, F,and V

FLAT TAB-
TERMINAL
TYPE
(Stack Mounting)
Characteristic G

AXIAL-
TERMINAL
TYPE

Characteristics
Gand V

Style
RW-29
RW-30
RW-31

RW-47

Style
RW-20
RW-21
RW-22
RW-23
RW-24

Style
RW-55
RW-56

*Walts free air MIL Characteristic "F” ar “6”

4

“PATENTED, ALL-WELDED

CONSTRUCTION!

Over-all
length
1-3/4"

1

[y

Lo oot r

[y

1

=)

Over-all
length
11-7/16
9-5/8"
7-1/16
5-1/8"

4-7/16"

2-15/16"
2-3/8"

Over-all
length
2-1/2"
31/4"
4-3/4"
”

7-1/4"

Length of
Core**
13 /8"

2)!

Diometer
1/2
19/32”
19/32"
19/32”
19/32”
29/32"
29/32"
1-5/16"
1-5/16"
1-5/16”
1-5/16"

Diameter

Width
of Core
1-3/16"
1-3/16"
1-3/16”
1-3/16"
1-3/16”

Diameter

tWaits free air MIL Characteristic “6
t1tWatts free air MIL Characteristic 'V

*Watts T1Watts

8 11
10 14
12 17
18 26
30 43
38 55
60 87
78 13
110 159
145 210

*Wotts t1Watts

140 203
116 168
86 125
50 72
40 58
20 29
14 20
Thickness
of Core tWatts
1/4" 15
1/4" 22
1/4" 37
1/4" 47
1/4” 63

tWatts t1Wotts
5 7
10 14

**2.1/2" wire leads

(HIGH-TEMPERATURE—350° C—CHARACTERISTIC)

EVEN RESISTORS WITH THE
FINEST WIRE SIZE {.00175) MEET
THE REQUIREMENTS OF
MIL-R-26B, CHARACTERISTIC V"

The Ohmite resistor types shown at the left can
withstand a conlimucus operating lemperature of
350° C—the high temperature requirement of
MIL-R-26B, Char. “V”. These resistors also meet
characteristics “G” and *F'—passing severe
moisture-resistance and thermal-shock tests . ..
withstanding sustained vibration applied for five
continuous hours ..and satisfying the require-
ments of many other tests.

The Ohmite line of wire-wound resistoss is the
most extensive on the market. Ohmite also has
the most complete line that meets MIL-R-261
specifications. Sperify resistors frem Ohmite’s wide
range of types, sizes, and resistance values for your
MIL-R-26B requirements and cther tough jobs.

OHMITE MANUFACTURING COMPANY
3610 Howard 5treet skokie, lllinois
(Saburb of Chicagel

B

O Il IVl

RHEOSTATS * RESISTORS * TAP SWITCHES



H m ll T E 'Brown Devil”

RESISTORS have BALANCED

'I'HERHAI.

High=quality resistors

" for your‘@g_“b jiobs!

When vou want a resistor that will stand
“up under high temperatures, specifly
Ohmite Brown Devils. They have heen
carefully designed to provide “balanced
thermal expansion.” All paris—core,
resistance wire, vitreous enamel coating,
and terminal band —have a thermal
expansion that has been carefully matched.
As a consequence, “Brown Devil " resist-
ors expand and contraet as a unit. This
eliminates eracking of the enamel, keeps
terminals firmly anchored, and prevents
the entrance of moisture.

For many vears. these superior Ohmite
resistors have proved their reliability
under the toughest service. Specily them
on your next job.

PATENTED WELDED
TERMINALS

Ohmite welded terminals provide
a perfect and permanently stable
electrical connection that is un-
affected by vibration or high
temperature,

HIGH TEMPERATURE
STEATITE CORE

This strong, rugged steatite core
has excellent electrical character-
istics, and a coefficient of thermal
expansion that matches the other
resistor materials,

ovez 100,000,000 oo !

G AR A I AN W e

OHMITE MANUFACTURING COMPANY, 3610 Howard Street, Skokie, lllinois (Suburb of Chicago)

EXCLUSIVE
HIGH TEMPERATURE
VITREOUS ENAMEL

This special-formula enamel was
developed by Ohmite after exten-
sive research. lts thermal expan-
sion is properly related to that of
the steatite core, terminal, and
resistance wire.

® RHEOSTATS

RESISTORS
TAP SWITCHES




For Fuses of Unquestioned High Quality

Standardize

on
BUSS FUSES

BUSS fuses can be relied on for dependable elec-
trical protection, elimination of needless blows and
top quality in every detail because . . . every BUSS
fuse normally used by the Electronic Industries is
electronically tested. A sensitive testing device re-
jects any fuse that is not correctly calibrated, properly
constructed and right in all physical dimensions.

And there is a BUSS fuse to meet your most ex-
acting needs. The complete line includes: dual-

element (.slov?' blowing), renewable and one-time Makers of a complete line of fuses for-home,
types . . . in sizes from 1/500 amperes up — plus a farm, commercial, electronic and industricl use.
companion line of fuse clips, blocks and holders. = 1
It is just good business to rely on fuses that protect For More
both the product and your reputation. So why not Information e
standardize your buying and stock records on : : TRUSTWORTHFTARETT
genuine BUSS fuses . . . today! Mail fﬁg COIIPOII £MSCTRICAL FAOTEETION :
Put the BUSS Engineers on your payroll AaEEEEEED® -W C
. . : 8 BUSSMANN Mfg. Co. (Div. McG Electric Co.
Many manufacturers save engineering txme.whcn g University ar Jeﬂ'egson,ost.( L:)vuis 7:: Mrg.w ectric Co.)
they have special problems in electrical protection by g Dlease send me bulletin SFB containing facts on BUSS
turning to the BUSS engineers. Our engineers are small dimension fuses and fuse holders.
full-time fuse specialists, working in the world’s .
largest fuse research laboratory, well qualified to help .
determine the right fuse or fuse mounting for the job. g
If BUSS can be of service to you too, just tell us the .
problem. :

ELECTRONICS — November, 1954 Want more information? Use post card on last page. 33
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COMPLETE

COVERAGE

Wﬂl operate recorder

" " Low cost, high reliability
Brilliant numerals
Labeled, etched circuit
Low temperature operation
Fits all standard counters

Ideal for special purpose
applications

HEWLETT-PACKARD

nare informafion? Use post card on last page. November, 1954 — ELECTRONICS
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) AC-4A

®

CADE

UNTERS

The unique ctched circuit in -hp- AC-4A Counters sets a new standard
of reliability and makes possible high speed counting to 120 kc. A stair-
case output voltage proportional to count is available to operate recorders
or external equipment using coincidence detectors. The circuit is fully
visible, accessible, labeled and arranged diagrammatically for simple serv-
icing. Mechanical layout permits maximum ventilation—lower tempera-
tures and longer life. Optically engineered illuminated numerals are clear,
bright, easy to read under all light conditions

AC-4A Counters use binary flip-flop circuitry wherein cach input pulse
advances the count one numeral, and at '9” an output pulse actuates the
next Counter for cascading. A reset terminal restores "0""; or the Counters
will reset to 9" for special applications. Etched circuils give excellent
balance and uniform incidental capacities for high 120 kc counting rate.
Resistors are premium quality 5% tolerance units, coupling condensers
are silver mica, and tubes are of the computer type.

-hp- AC-4A Counters are recommended replacement units for-hp-522
and 524 series Electronic Counters; and are ideal for experimental or
special applications.

SPECIFICATIONS

Counting Rate: 120 ke max. Staircase Output: 135 v at 0,55 vat 9.
Double-Pulse Resolution: 5 Usec Internal resistance 700 K
Input: Approx. 80 v neg.; 1 Usec rise Size: 55" deep, 1" wide, 6% " high.

time 8

Weight 1 Ib.

Output: Approx. 80 v neg. to drive suc- e'% .

ceeding counter Mounting: Standard. Fits octal socket
Reset: To O or 9 Price: $45.00,

Data subject to change without notice. Prices f.o.b. factory

HEWLETT-PACKARD COMPANY

3204A Page Mill Road + Palo Alto, California, U.S. A,
Export: 275 Page Mill Road, Palo Alto, California
Cable: “HEWPACK”’

Sales engineers in all principal areas

INSTRUMENTS

Want more information? Use post card on last page.

Versctile hp-

ELECTRONIC COUNTERS

e

-hp- 524B ELECTRONIC COUNTER

With this revolutionary new all-purpose
Counter you buy just the instrumentation
you need now--later add other inexpensive
plug in units to double or triple the instru-
ment's usefulness. The basic 524B Counter
measures frequency 1C cps to 10 me, and
period from O ¢ps to 10 ke with stability of
1/1,000,000. Plug in Frequency Converters
extend ronge to 100 cr 220 mc while in-
creasing video sensitivity. For low-level
work, plug in Videa Amplifier unitincreases
sensitivity to 10 millivolts, 10 cps to 10
me. Time-Interval plug in permits Counter
to measure interval -1 psec to 100 days
with accuracy of 0.1 tsec £0.001 %, Read-
ings direct in seconds, milliseconds, micro-
seconds. -hp- 524B Counter, (without plug
ins), $1,915.00. -hp- 525A/B Frequency
Converters, $225.09. -hp- 526A Video Am-
plifier, $125.00. -hp- 526B Time Interval
Unit, $150.00.

-hp- 522B ELECTRONIC COUNTER

Compact, low cost versatile instrument for

frequency, period or time measurements.

Range 10 cps to 100 kc. Reads direct in
¢ps, ke seconds or milliseconds. Counts are

dutomatically reset, cction is repetitive. °

Stability of 1ime base is 5/1,000,000. Dis-
play length veoriable at will; or may be
“held" indefinitely. Easily used by non-
technical personnel. $915.00.

COMPLETE

COVERAGE
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xow...Frrom 1AM

AN OUTSTANDING
ADVANCE IN
SUBMINIATURE
GLASS DIODES

GOLD BONDED CONSTRUCTION

which gives superior electrical characteristics has been
combined by Transitron with hermetic sealing in glass
to produce a subminiature diode with unsurpassed
performance.

These diodes offer the following advantages:

———@®—— SUPERIOR FORWARD CONDUCTANCE
———& —— HIGHER INVERSE RESISTANCE
———@®——— GREATER RUGGEDNESS
———&®—— MORE UNIFORM CHARACTERISTICS
~——_®—— GREATER POWER HANDLING
——& ®—— COMPLETE RELIABILITY

All Transitron diodes must pass rigid tests, including
shock, vibration,and temperature and humidity cycling
between -+135°C and —78°C. Strict conformance
to all specifications is insured through 10097 final
electrical testing.

g

actual
size

I "“The MARK of Quality in Electronics’
®
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WHAT IS GOLD BONDING?

TYPE

Forward Current

HIGH CONDUCTANCE DIODES

SPECIFICATIONS (At 25°C except as noted)
Max. Inv.t

L 8 5 . . t at
Gold bonding is a process in which a gold whisker is alloyed el DESCRIPTION
" ra jon t jum. Atth i T7G 200 100 @ -50V 75
by low temp_e ture: fusion to germanium At the contact point 1Hea Eo0 o0 830 a2 200 MA TYPES
both the whisker tip and the germanium are melted to form a T8G 100 20 @ - %88\/ 125
gutec.'ﬂc alloy. This results .ln _a rectifying subminiature P-N o 00 20 & Bov —_
junction. Because the gold wire is dead soft, pressure cannot be 2 @-10V 100 MA TYPES
transmitted, and mechanical isolati_on ofthg J:unf.tion is achieved. {(15(156 %88 2%8 g '§8¥, 32
Permanent electrical and mechanical stability is thus assured. T5G 40 100 @ -100V 125
1IN100A 40 sg % -gsv 100
- H i 1 H . R
l.n c.ontrast, the point contact V{elded d|0(.1e use; a firm LN98A 0 100 & B0V 00 e
whisker wire such as tungsten or platinum ruthenium which does 18A 8 @ -5vv
not -aI'Woy.with the germanium in the forming process. Therefore, i?ée %g §8§ % Z%gx 25
rectlfu.a.tlon dep.enQS upon the pressure of the whlskgr f’" the 1148 10 £ @ oV 52
germanium. Variations in this pressure can cause variations in 1N9OA 20 50 @ -50V 100
. 5 @ -5V
diode performance. T3 20 50 G .50V e
1IN97A 20 108 (C@ 28\/ 100 20 MA TYPES
@ -
WHY ARE GOLD BOMDED IN117A 20 100 @ -50V 75
T12G 20 500 @ -50V 75
DIODES BETTER? 30 @ -10V
HIGH RESISTAMCE DIODES
Electrically they are many times superior. The subminiature .}.g‘gSB 102 5(238 g :igg\\j 119205
P-N junction formed at the bond provides electrical characteris- 5@-10V 100 VOLT
tips that approach those of an ideal diode. The typical Transitrlon T5G 40 100 @ -100V 125 TYPES
d_lode qffers forward' conductance averaging more than five T4G 5 100 @ -100V e
times higher than point contact types. In addition, types such T9G 100 20 @ -50V 75
as the T8G feature more than 100 milliamperes forward at 2 @-10v L
~+1 Volt, and over 5 megohms at —100 Volts inverse. IN67A 5 50 @ -50V 100
5@ -5V TYPES
Mechanically they are more rugged. The eutectic alloy bond :Il-'?(l;G 1(2)0 28 @ -gg\\ﬁ ;2 20 VOLT TYPE
between the gold whisker and the germanium has a strength that T13G 48 > (% :10v >5
is equal to that of the whisker itself. It is virtually impossible to T146G 20 5 Lov 25 10 VOLT
affect the performance of these diodes by shock or vibration. @- TYPES
IN128 5 10 @ -10V 50
! Vol v
Sl il HIGH TEMPERATURE DIODES
130 120 110 100 S 80 70 40 50 40 30 20 t0 0
T18G 20 125 @ -50V 50 ALL SPECIFICATIONS
P s - IN198 2 R 50 | AND RATINGS ARE
" T19G 200 180K avg. 40V AT 75°C
| : @ 4ov RMS RMS
gt M T20G 20 0@ -50V 50 (T20G at 75°C is
186 | } a 30 @ -10V electrically equiv-
] ] ] : 180 § alent to 1N34A at
f- 8 121G 20 50 @ -20V 25 25°C)
| | 200 2 122G 40 20 @ -10V 15
[ f [ x T23G 20 200 @ -50V ¢ 50 ALL SPECIFICATIONS
| | — AND RATINGS ARE
| I p 1 AT 60°C
| i 8 T24G 20 300 @ -30V{ 35
| =] O
' o COMPUTER DIODES
¥ g T15G 125 500K between 125 Inverse Recovery Time
Typical < -20 and -90V Tested.
Characteristics—— 9 T16G 40 500K between 75 Forward and Inverse Re-
-10 and -50V covery Time Tested.
450 1N191 5 400K between 75 Inverse Recovery Time
' -10 and -50V Tested.
196 TG | @ 55°C 1
1N192 5 200K between 75 Inverse Recovery Time
Forward Vol'cge, Volfs 210 and -50V Tested.
0 2 4 K 8 Lo 1.2 14 X3 @ 55°C §
1 140 T7G 200 100 @ -50V 75 LOW IMPEDANCE FAST
FORWARD SWITCHING
w TS| Bmed | B | !
M - b These t pes are particu-
e ;gg {YSG 136 T6G 100 200 @ -20V 35 I(arly use)qul for magnetic
j TG | 4G -~ core switching)
. £ |w -]
Typical | ! JAN TYPE DIODES
Characteristics | | i " ‘E 1N126 5 800 E@ -?8¥ 75 The above is a partial
4 G -
5 IN127 5 300 @ -50V 125 list of available types.
" : IN128 5 18 gj :%8& 50 Send for complete details
g 1N198 5! Zgg g :?8¥ in Bulletin TEI3I9.
8 at 75°C
14 ADDITIONAL SPECIFICATIONS
Ambient Temperature Range -78°C to -}-90°C
Absolute Maximum Storage & Handhng Temperature Range -78°C to -1-150°C
20 Avg. Power Dissipation @ 25°C 80 Milliwatts
i Derating above 25°C 10mw/10°C
Average Shunt Capacitance 0.5 yufd
¢ t Measured at 0.1 Watt

1 Measured with 60 CPS sweep.

vt ™.

Tiimg o,

[ ]
Tr(]n’lt[:on electronic corporation e melrose 76, massachu etts

Germanium Diodes
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=

Transistors

e
ooyt

Quads Silicon Diodes
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HOW CAN AUTOMATIC CONTROL
strengthen our defenses

MISSILE GUIDANCE . . . GUN STABILIZATION
AIRCRAFT NAVIGATION ... WEAPONS SYSTEMS

The staff of engineers at Ford Instrument Company are experts in the
field of automatic control. Every weck, in the laboratories and shops of
this large company thousands of men are working on electronic, hydraulic,
mechanical and clectrical servo-mechanisms, computers, controls and
drives to solve problems for the Army, Navy and Air Force. Ever since
ITanribal C. Ford started. in 1915, to develop and build the first gunfire
computer for the U.S. Navy, Ford Instrument has been leading the way
in applving the science of automatic control to America’s defensive
strength ... and to American industry.

34
‘Each year the Ford Instrument Company is adding to its Fo RD INSTRUMENT COMPANY

staff of several hundred engineers. If you are an engineer

and can qualify, there may be a position for you. DIVISION OF THE SPERRY CORPORATION
31-10 Thomson Avenue, Long Island City 1, N. Y.
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Whether you order 1 or 1,000,000
you can rely on C-D electrolytics.

The consistent demand for C-D, year after
year, by the country’s leading manufacturers
is proof of the uniform quality of C-D
ELECTROLYTICS. Whatever your ELECTROLYTIC
requirement you will find that
Cornell-Dubilier’s consistent dependability is
unmatched in the field—even to the new, real
small (miniature) ELECTROLYTICS.

Engineering samples sent on request. For your
special design and application problems, use
our Technical Advisory Service. Writeto:

Cornell-Dubilier Electric Corp., Dept. K-114
South Plainfield, New Jersey.

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

CORNELL .
DUBILIERCY 0Cisn

PLANTS IR SOUTH PLAINFIELD. M. J.; NEW BEDFORD. WORCESTER AND CAMBRIDGE, NASS.; PROVIDENCE AND HOPE YALLEY. R. ¢
INDIANAPOLIS, IND.: FUQUAY SPRINGS AND SANFORD. N. C.: ARD SUBSIDIARY. THE RADIART CORPORATION. CLEVELAND. OHIO

A H< W%'Q? & & o

ANTENNAS ROTORS CAPACITORS VIBRATORS CONVERTERS
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I.;ok to PHELPS
REALISTIC APPROACH TO

4y - ~
4 4

PRACTICAL KNOWLEDGE of magnet wire

application problems and trends.

CONTINUING INVESTIGATION of

existing insulations to improve quality

and performance.

EXHAUSTIVE TESTING cnd cvaluation of

new organic and inorganic insulation
materials to determine fundamental

properties and application possibilities.

ENGINEERING ASSISTANCE v clecrior

and use of exactly right magnet wire

for specific motor, transformer or coil.

(oIt ot [aing Qm@—%/ﬁm VLA



DODGE for a
MAGNET WIRE RESEARCH!

Economical solutions
to many varied and

complex application problems!

ustrate the wide range

net wires pictured here ill
f these wires—devel-

The mag
ne. Some O

of the Phelps Dodge li
oped specifically by Phelps Dodge to answer special

problems-—sugges* unlimited new applications for the
future with overall savings 10 the user. Bondeze and
Scdereze are examples of this kind of research.

gnet wire is your problem, consult Phelps

Any time mad
Dodge for the quickesf, easiest answer!

PHELPS DODGE COPPER FRODUCTS

CORPORATION

INCA MANUFACTURING DIVISION

FORT WAYNE, INDIANA




New permanent-magnet,
13/¢" diameter motors
latest addition to aircraft line

ieiennd

Experience gained by General Electric
engineers in the design and manufacture
of many types of specialty motors is
another reason why G.E. is best
equipped to supply the aircraft motor
you need. In addition, complete testing
facilities assure you that your special
aircraft motors meet environmental
requirements.

Shown at left is one in a series of new
permanent-magnet, totally enclosed,
shunt motors now part of General Elec-
tric’s extensive line of aircraft motors.
It is rated 1/100 hp, gear-reduced to
130 rpm, and operates on 27.5 volts.
Designed for dynamic braking it can be
stopped in 1/10 revolution by a fast
acting relay. Such performance makes
it ideal for radar tuners, actuators,
blowers, and similar applications. Write

A _ __1 forBulletin GEC-988.

SUBMINIATURE RELAY

HIGH SPEELC RELAY

G-E Hermetically sealed relays-
feature reliability, high speed

HIGH SPEED RELAY—General Electric’s high speed relay can be
furnished with contact configurations up to 4 PDT, yet fits in
an AN-3304 size can. This versatile relay is more reliable even
under severe shock, vibration, extreme temperatures and other
adverse conditions. Operating speeds range from 250 micro-
seconds to 1 millisecond. It is available with multiple coils or
windings and with multiple independent SPDT units in a single
can. Write for Bulletin GEA-6212.

SUBMINIATURE RELAY—Lightweight, reliability, and resistance
to shock and high vibration are a few of the important ad-
vantages of the G-E subminiature relay. Low capacitance makes
it ideal for switching high frequency signals or pulses. Pickup
time is 5 milliseconds or less and dropout time is 2 milliseconds
or less. It is available with a variety of d-c coil voltages and 400
cycle a-c coil. Write for Bulletin GEA-6211.

GENERAL @3 ELECTRIC
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TIMELY HIGHLIGHTS

ON G-E COMPONENTS

Capacitors of many ratings, styles
help solve design problems

The variety of case sizes and styles of G-E
fixed paper dielectric capacitors makes it
easy to select units that meet your needs.
Ratings at 236 to 660 volts a-c and at 400
to 100,000 volts d-c are available. All
units are treated with Pyranol® impreg-
nating liquid and are hermetically sealed
to prevent leakage or contamination.
Write for Bulletin GEC-809.

*Reg. trade-mark of General Electric Co.

Aﬂﬂﬂllllcmg tWﬂ new Electronics easily taught

- . . General Electric’'s More Power to
Integratlng "]struments America program, ‘‘Industrial Elec-

tronics,” offers a practical, easily under-
stood 12-lesson sound slidefilm course on
the fundamentals of electronics and its

Mean and standard deviation of variables

b mestaiat

. applications in modern industry. It is a i i ot
can now be readily and accurately deter- particularly interesting method for plant =4 R

mined with General Electric’s two new | panagement, production men, and elec-
direct reading integrating instruments. trical and maintenance staffs to improve
their understanding of the operation of

Widely applicable, the instruments | jndustrial electronic equipment. Write
measure such variables as current, thick- | for Bulletin GEA-5339. )
ness, width, diameter, density, or any —
other electrical or non-electrical quantity.

Integrating deviation and deviation- Inductrols—for automatic or

squared, the instruments, used with suit- manual voltage regulation
able primary detector, reduce statistical

analysis of variables to a simple slide- G-E Inductrols end the poor performance

rule calculation. Accuracy of the instru- and excessive burnouts of electronic tubes
ments is about =39 full 1 h due to poor voltage. Compact design of
; 'S ou o Tull scale wien | i hese finely controlled regulators lets you
integrating over a two-minute period. fit them into any location. Models are
. . available for indoor service on circuits 600

For further information about these | yolts and below, single phase 3 to 240
unique time-saving instruments contact | kva; three-phase 9 to 520 kva. Bulletin
your nearest General Electric Apparatus | GEC-795 covers single-phase inductrols;
Sales Office. Write for Bulletin GEC-1230. GEA-5824, 3-phase models.

4
I
I

EQUIPMENT FOR General Electric Company, Apparatus Sales Division l
Section C667-29, Schenectady 5, New York
ELECTRONIC MANUFACTURERS ! LA r |
Please send me the following bulletins: |
Components :ro:r;?nal-hp —— Development \D/ ;:rcr:fsearencernly f X for planning an immediate project I
echitiers .
. ond Production - ircraft and Crdnance Motors
LAEIRS LI LI Timers r i [0 GEA-6211 Subminiature Reloys t
Dynamotors Indicating lights Equipment [J GEA-6212 High Speed Relays
Capacitors Control switches Soldering irons [0 GEC-1230 Integrating Instruments |
Tronsformers Generators Resistance-welding [0 GEC-809 Paper-Dielectric Capacitors
Pulse-forming networks Selsyns control [0 GEA-5339 Industrial Electronics Training Course I
Delay lines Rela)"s Current-limited high- O GEC-795 Single-phase Inducirols |
Reoctors Amplidynes - [J GEA-5824 Three-phase Inductsols
Amplistats potential tester l
Motor-generator sets Terminal boards insulation testers Name__......__. - = St
|ﬂd‘f¢"0|s Push buttons VYacuum-tube voltmeter Gompa M - . I
Resistors Photovoltaic cells Photoelectric recorders
Voltage stabilizers Glass bushings Demagnetizers Gy e State . eea |
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| 13 Waldes Truarc Rings Replace Bulky Fasteners...
Save $.23 in 5 Sub-Assemblies of Tape Recorder!

e W % TR

Alternate Design:Pres-
sure Pad Assembly. Col-
lar and set screw secure
pressure bar and spring.

Truarc Design: Truarc
Grip Ring replaces col-
lar, reduces size of as-
sembly, saves $.02/ unit.

Telectro-Tape Magnetic Recorder

Made lighter, more compact and
efficient, and produced at lower
cost when Waldes Truarc Rings
replace bulkier, more expensive
fasteners.

Alternate Design: Wind-rewind
unit has collars and set-screws
holding shaft in bearing. Rollers
are held by {flat washer, lock
washer and screw. Critical shaft
length tolerance required for fault-
less roller operation.

Truarc Design: Two Truarc Rings
(series 5100) replace collars and
screws, save $.04 per unit. Rollers
are held by two Truarc Grip Rings.
Eliminates tapping and close toler-
ances, saves another $.04!

Waldes Truarc Grip Ring
Series 5555

£ommee

Waldes Truarc Retaining Ring
Series 5100

Alternate Design: In motor-fan assembly. hub
is secured rigidly to fan blades by staking. Fan
assembly is secured to shaft with set screw.

Truarc Design: Two Truarc Grip Rings (series
5555) plus spring-type bowed- washer save
$.07 per unit...allow fan to slip if obstructed.

®m By using Waldes Truarc Retaining Rings in
five sub-assemblies (three shown above), the

snap rings, cotter pins, there's a Waldes Truarc
Retaining Ring designed to do a better, more

WALDES TRUARC RETAINING RINGS AND PLIERS ARE PROTECTED BY ONE OR MORE OF THE FOLLOWING U. S. PATENTS: 2,382,947: 2,382.946: 2.416.852; 2,428,341;

-, TRUARC

Telectrosonic Corp. of Long Island City, N. Y.,
saves a total of $.23 per unit...by eliminating
material, machining and skilled labor costs.

W You, too, can cut costs with Truarc Rings.
Wherever you use machined shoulders, bolts,

WALDES

REG. U. S. PAT. OFF.

economical job. Waldes Truarc Rings are preci-
sion-engineered...quick and easy to assemble
and dis-assemble.

m Find out what Truarc can do for you. Send
your blueprints to Waldes Truarc engineers for
individual attention without obligation.

Write for a copy of the latest Truarc catalog.

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

RETAINING RINGS

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

2,439.788: 2,441.846: 2,435,165, 2.420,94%: 2,463,380, 2,483,383, 2.487.802; 2,487.803;: 2.491.306: 2.509,081 AND OTHER PATENTS PENDING.

Want more information? Use post card on last page.
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Years of experience

p7 oves to users . .. L

the dependabilaty of | Wes ; ;‘fll: c}‘; ;E;j

KOVAR & =

Glass-sealing Alloy

[ 18 YEARS
12 YEARS »
“ [ [AN-118
TUBES
13 YEARS

11 YEARS
gom ac

6 YEARS

VARIAN

18 YEARS

* Westinghouse Trade Mark No, 337,962

The ideal alloy for glass sealing, Kovar matches the expansivity 5 YEARS N
of certain hard glasses over the entire working temperature '
range. It resists mercury attack, has ample mechanical strength
and seals readily. A permanent and impervious bond is obtained
by a closelv controlled thickness of oxide on Kovar alloy
interfused with hard glass.

Kovar is a cobalt, nickel, iron alloy, manufactured under 3
very carefully controlled conditions, and supplied by Stupakoff q > LS RERRE
in the form of: SHEET, ROD, WIRE, FOIL, TUBING, EYE-
LETS, LEADS and FABRICATED SHAPES. The prominent 7 YEARS
users of KOVAR and the length of time they have employed ‘
this metal are convincing proof of satisfaction.

Full information on the use of Kovar is given in Stupakofl
Bulletin 145, which we will send upon request.

Stupakoff CERAMIC & MFG. CO.

Latrobe, Pennsylvania ’ 13 YEARS

. P

Division of The Carborundum Co.
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Alternate Keying Positions

. .
,_J“c*re‘ TSty
X | |
o 8 |

—(LoEN 8,642 J

Receptacle Front Shell

'; : ; 4‘ | : 1
(5 F N 864 2
¥ |
he | endl)
_( 6E 15,3,

Plug Front Shell

T

Alternate keying on BLUE RIBBON shells
provide positive insurance against mismat-
ing in side-by-side connector mountings.

Complete details on all AMPHENOL Blue RIBBON connectors in CATALOG R1

availahle with
Panel & Latch-Lock shells!

AMPHENOL's crack engineering team have completely redesigned the
famous Blue RIBBON connectors and the results will he of interest to
every company engaged in electronics,

The basic improvement has been the design of a new method of
polarization. Instead of conventional guide pin and bushing polarization,
male and female Blue RIBBON connectors are now mated by means
of proper matching of the barrier heights betwen the contacts. Following
this first important improvement AMPHENOL’s engineers designed a
complete line of front panel shells and cable-clamp latch-lock cans to fit
the connectors—a step forward that makes the versatile Blue RIBBONSs
even more useful to the electronics industry.

What are the advantages of these design changes to you?

Barrier polarization allows increased contact spacing without extending
the overall length of the connector —mismating is impossible. Front
panel shells and latch-lock cans are available for Blue RIBBONs in

a wide variety of keying arrangements, making possible the

mounting of large numbers of connectors side by side without the
possibility of connector mismating by untrained personnel.

Latch-lock types may be safety-wired and the cans are

available with either end or side cable outlets.

AMERICAN PHENOLIC CORPORATION chicago 50, illinois
In Canada: AMPHENOL CANADA LIMITED, Toronto
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EITEL-McCULLOUGH, INC.
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R A Overall view of Stokes continuous vacuum
ses metallizing dolly system for aluminizing

TV tubes at RCA’s Marion, fndiana, plant.

Operator is required only to load and

Stokes Vacuum Equipment - s
for Aluminizing TV Tubes

The new Stokes installation at RCA’s Marion, Indiana,
plant is a valveless, rugged system capable of aluminizing
up to 120 TV picture tubes per hour. Low in operating cost,
it is by far the least complex continuous aluminizing system
available. It is designed without timers, gadgets or intricate
accessories, any of which could fail and stall production.
The system is so free of vibration that a five-cent piece can
be balanced on the dollies while they are in motion.

S

Operation is simplicity itself: the operator loads one tube
to a cart; pressure is automatically reduced to the required
vacuum, the filament is automatically flashed and the com-
pleted metallized tube delivered to the operator’s station.

P For metallizing COLOR or BLACK AND WHITE TV
A tubes, Stokes designs and installs automatic or semi-
automatic in-line systems or stationary units, in
standard designs or to customer’s requirements.

Send for a NEW 28-page technical brochure *J’f
on vacuum metallizing.

e

>
5

F. J. StokEs MacHINE COMPANY
PHiLapELPHIA 20, Pa.

STOKES

STOKES MAKES: High Vacuum Equipment, Vacuum Pumps and Gages / Industrial Tabletting, Powder Metal and Plastics Molding Presses / Pharmaceutical Equipment
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An Announcement

of the Utmost Importance to Engineers
Doing Research and Design
Work in the Entire Audio
Frequency Range.

) W

Burnell and Co., Inc.

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

a va riable TOrOidal lndUCfOr {patent applied for)

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.

RGToRoiD

An outstanding feature of ROTOROID is that,

@ - - is a continuously variable, stepless toroidal inductor which can a'f ’:;laXimu“}di'}t‘i"C‘a:‘c,e’ i‘;;}”"“:? the full Qt
. . . o . . . ° O e toroid 1t contains. us, € user 1S a
provide 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
having available a variable inductor not previ-

@ . . . employs no mechanical resistance contacts and is therefore e :
ously available in a toroid.

free of noise and wear.

Applications: Virtually unlimited. Just a few of the

@ . . - requires no DC saturating currents and thereby eliminates the
many possible uses of ROTOROID are:

need for circuitry.
e Tunable Audio Oscillators
e Variable Z Devices

® Servo Systems

e Telemetering

. ... 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. * Adjustable Selective Networks
@ - s hermetically sealed and is virtually vibration and shock- ® Variable Phase Shift Networks
proof, can be chassis or panel mounted. ® Variable Filters
® Electro-Mechanical Control Systems
EQE '\n((‘ Write Department C for further information. Availability: Immediately available:
/ ROTOROIDS VTI-A and VTI-B which are
— equivalent in electrical characteristics to Burnell

eter, 3-1/16” long. Soon to be available: two
Yonkers 2, New York miniature types, VTI-C and VTI-D, equivalent to
Burnell toroids TCO and TC-6.

/ \%' Burnel' & co., lnc. toroids TC-16 and TC-3 in cases 2%4” in diam-
4

PACIFIC DIVISION: 720 Mission Street, South Pasadena, California
FIRST IN TOROIDS AND RELATED NETWORKS




3Bl

REAS

R°T° Ro l D s® A continuously variable,

stepless toroidal inductor which can provide a 3:1 range of
maximum to minimum inductance in 180° rotation of a shaft.
Write for new brochure which gives complete technical data.

to check

BURNELL

first!

3 EXTRA REASONS
TO CHECK
BURNELL FIRST!

% Proven Top Quality
% Competitive Prices

% Prompt Deliveries

W

for Catalog 102 A 1 / TS"

Yonkers 2, New York

'OROI Ds Combining the advantages of

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

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

in a smaller space. Their self-shielding properties permit compact
assemblies of coils with a minimum of deleterious effects.
Supplied to an inductance accuracy of 19,. Available in
standard, miniature and sub-miniature sizes. Also in a wide
variety of finishes, including for the first time toroids molded
in a new special material.

TELEMETERING FILTERS

Band pass filters available for every channel ranging from

400 to 70,000 cycles for band width between 15 - 409,. Low pass
filters available for operation in either unbalanced or balanced
line, and range in cut off frequency from 6 up to 10,500 cycles.
Also, miniaturized filters that do not sacrifice attenuation
characteristics, save up to 809 space.

AND
RELATED NETWORKS

S |

Wiite Department ¢ f§‘ \;% BURNELL & co.’ IN, | FIRST IN TOROIDS
l
l

PACIFIC DIVISION: 720 Mission Street, South Pasadena, California



e Excellent Regulation and Stabilization

¢ Minimum Waveform Distortion

e Wide Input Range

STABILINE Type IE5101R. Rated 95-135 Volts, 60 cycles

¢ Adjustable Output Voltage input; 115 volts, 1.0 KVA output.

¢ Insensitivity to Frequency Changes
1 i The circuit diagram shows how the error detector, the
- amplifier and power control circuit are combined in a
sTABILINE Type IE to deliver stabilized and regulated a-c voltage.

You will find a combination of circuit simplicity and mechanical ruggedness in

STABILINE Automatic Voltage Regulators Type IE. Send us the details of your specific

requirements or use the coupon below. Numerous models are
offered in capacities from 0.25 to 5.0 KVA.

Visit Superior Electric’s
Mobile Display when

it visits your area. — e — — — - S EES Smm Gt S S G e S —

THE SUPERIOR ELECTRIC CO.

211 Clarke Ave., Bristol, Conn.

Please send Bulletin S351 on STABILINE
Automatic Voltage Regulators.

&

THE & i8eEn .
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.g;'i&ivw i
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o

I S 4
CO'fPVANY :§ 29 ,,&.fm Position. . .....ov.n..

Company Name
211 Clarke Ave., Bristol, Conn.
Manufacturers of: Powerstat Variable Transformers » Stabiline Automatic
Yoltoge Regulators ¢ Voltbox A-C Power Supplies » Powerstat Light Dimming
Equipment * Varicell D-C Power Supplies » Superior 5-Way Binding Posts
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You'll find no radial cracks in CT.C.
terminal boards, or “‘cracked” rivet
shanks on terminals. And there’s a good
reason for this.

Our swaging machines use tools that
we designed ourselves in order to pre-
vent just such damage. Terminals are
fastened securely — and carefully. You
benefit from a board that has no “weak
spots” — that can give you the service
you have a right to expect. And, of
course, you also benefit from all the
other quality control details that enable
us to offer our customers guaranteed
components — custom or standard.
Coatings are smoothly applied — no
wrinkles, no heavy deposits. C.T.C.
terminals are made from certified stock
that is free from defects. And the
terminals themselves are guaranteed,
even to the thickness of the coatings.

This C.T.C. quality control is given
to all C.T.C. products including in-
sulated terminals, coil forms, coils,
swagers, terminals and capacitors. For
all specifications and prices, write to

50

No cracks, please

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

Terminal Board Data. CT.C. makes both standard
boards and to your own specifications. Standard
boards in cottcn fabric phenolic, nylon phenolic or
grade L-5 silicone impregnated ceramic. Custom
made in cloth, paper phenolic, melamine, epoxy or
silicone fibreglas laminates, imprinted as required
and lacquered or varnished to specifications
MIL-V-173 and JAN-T-152.

]

CAMBRIDGE THERMIONIC CORPORATION

makers of guaranteed electronic components,
custom or standard

Want more information? Use post card on last page.

A wide variety of hardware is available at C.T.C. —
all of it quality controlled and guaranteed for
durability. This hardware includes terminal board
brackets, standoff mounts, spacers. tube clamps,
panel screws, thumb screws, dial locks, shaft locks,
handles and handle ferrules.

gt
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Revere Extruded Shape

e P07
/05/ /ﬁ/éﬁé

For Brush

¢

Brush Type BK-1514, a 14-channel re-
cording-reproducing head for use with
magnetic tape.

Revere Extruded Shape used for the base
of the head.

The base of the magnetic recording-reproducing
head shown here is a Revere brass extruded shape.
You can see that it is rather simple in design, yet
Brush Electronics Co., Cleveland, Ohio, reports
that the shape saves 15¢ per piece (114" long)
over the previous method of milling the piece out
of solid bar. There were three operations required
on the bar, which weighed 1.61 1b. per foot, against
1.22 Ib. per foot for the shape. Eliminating the
machining operations, and reducing scrap almost
to the vanishing point, produced the economy.

The head in question can record and reproduce
signals from 14 channels, at frequencies within,
below, or above the audible range. Such a head is
being increasingly employed to handle informa-
tion to be used for computation, telemnetering,
inventory records, process control (automation)
and similar purposes.

Extruded shapes by Revere should be looked
into if you are doing any extensive machining of
raw stock in copper and its alloys, and aluminum
alloys. The extrusion process is much like squeez-
ing paste from a tube. Much more intricate shapes
than the one shown here are possible. Naturally,
all design lines must be parallel to the axis of
extrusion. Get in touch with the nearest Revere
Sales Office, and see if Revere Extruded Shapes
may not save you ioney.

REVERE

COPPER AND BRASS INCORPORATED

Founded by Paul Revere in 1801
230 Park Avenue, New York 17, N. Y.

Mills: Baltimore, Md.; Chicago and Clinton, ll.; Detroit, Mich.; Los
Angeles and Riverside, Calif.; New Bedford, Mass.: Rome, N. Y.=
Sales Offices in Principal Cities, Distributors Everywhere,

SEE “'MEET THE PRESS‘ ON NBC TELEVISION, SUNDAYS

ELECTRONICS — November, 1954 Want more information? Use post card on last page. 51



Timers that Control
the Pulse Beat of Industry

Time Delay Timers

Interval Timers

Re-Cycling Timers

MOST COMPLETE LINE OF INDUSTRIAL

TIMERS for
automation

The individual requirements of each automation
problem are best met by selecting timers designed to
perform specific functions. Whatever your fiming-
control problem, Industrial Timer Corporation can
meet it with one of its standard timers, a combination
of its standard units, or by designing an entirely new
timing element. Our Engineering Departraent not only
originates new designs, but also develops modifica-
tions to meet our customers requirements.

|iGastan

L
TIMER> |

CORPLRATIO
7

Want more information? Use post card on last page.

A,

>

Vv

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

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

Our large stocks of 17 basic types from which we
have developed over 660 combinations to date, en-
ables us to make rapid deliveries in most cases . . .
and excellent deliveries on special orders. Our auto-
mation timer specialists will be happy to discuss your
automation fimer requirements. Your inquiries will
receive prompt attention.

INDUSTRIAL TIMER CORPORATION

131

OGDEN STREET, NEWARK 4, N. J.
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Polarad NTSC Color TV Equipment consists of fully integrated units
that combine ease of operation with maximum flexibility.

COLOR BAR GENERATOR—PT-203 Provides color TV test signals, NTSC
standards, for color TV equipment, networks and components. Supplies
complete composite video signal in the form of seven fundamental color
bars simultaneously with seven gradations of gamma bars. White dot
pattern superimposed on both color and gamma bars. Color test pattern
can be used for adjustment of both color transmitter and receiver
circuitry. Internal switching permits 19 different test patterns.

COLOR SYNCHRONIZING GENERATOR—PT-201 Furnishes NTSC color
TV subcarrier frequency component and contains divider network to
yield 31.5 KC signal. Provides driving, blanking and synchronizing

P ’ d pulses, as well as vertical and horizontal dots for linearity checks.
0 a,‘a Used to drive color bar generators, or any other NTSC color TV gen-
erating equipment. Utmost stability assured by
driving all pulses from leading edge of crystal
controlled oscillator. Unit may be locked to
synchronize with 60 cps line. Also available as a
separate unit, PT-202 Subcarrier Frequency Gen
erator to modify any existing standard (B/W) syn
chronizing generator in accordance with NTSC colot

TV standards.
COLOR TV VIDEO MONITOR—M-200 Compact, rug:
ged instrument consisting of two portable units
1 Uses 15 inch RCA tri-color Kinescope. Checks qual
equlpment ity of NTSC color video signals in studio, on transmission or in factory.
Excellent synchronizing stability. Displays highest definition transmitted
pictures with exceptionally good color rendition. All controls on front
panel. Instrument may be rack mounted or employed as field test
laboratory equipment. '

for studio and

ALSO AVAILABLE An NTSC color TV Flying Spot Scanner, furnished as
a completely packaged unit supplying a standard color video signal.
For further information, contact your nearest Polarad representative
or write directly to the factory.

COLOR BAR GENERATOR PT-203 COLOR SYNCHRONIZING GENERATOR PT-201 COLOR VIDEO MONITOR M-200

OUTPUT SIGNALS: Compasite Video OUTPUT SIGNALS: Signal Polarity—Positive, Negative, Balanced
(2 outputs) (Sync negative & positive) Synchronizing Signal (Neg.) tnput Video—0.25 to 2.0 Voits, peak to peak
SIGNAL INFORMATION Camera Blanking Signal (Pos., Neg.) tnput Impedance—66 mmf across

7 Bars of Color Horizontal Drive Signal (Neg.) 2.2 megohms

7 Bars of Gamma Gradations vertical Drive Signal (Neg.) Resolution—250-300 lines (Full Utilization
White Dot Pattern (Vert. and Hor) composite Video Output (Neg., Pos.) of NTSC Color Signal Bandwidth)

EXT. VIDEO INPUT FOR MIXING NTSC Color Subcarrier Freq. Linearity —Better than 2% across raster

2 Volts neg. polarity (3.579545 mc/s) Horizontal and Vertical

ELECTRON|CS CORPORAT|0N 100 METROPOLITAN AVENUE, BROOKLYN 11, NEW YORK,

REPRESENTATIVES
Atlanta s Boston o Chicago « Cleveland e Fort Worth s Kansas City s Los Angeles o New York e Philadelphia ¢ San Francisco
Seattie o St. Paul « Syracuse ¢ Washington, D. C.

Albuquerque e Arnprior, Canada

ELECTRONICS — November, 1954 Want more information? Use post card on last page. 53
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Ultra-Sensitive SENSITROL Relays . ., .

® Operate directly on values low as 2 micro-
ampere or % millivolt.

¢ Handle substantial wattage at 110 volts on

non-chattering magnetic contacts,

¢ Eliminate need for amplifiers and auxiliary
power supplies.

® Available with single or double contacts, fixed
or adjustable, manval or solenoid set.

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

IN HOT DIMPLING
HIGH STRESS METALS

.F
:/A/a

” 4
©

WESTON
3 750/, RELAYS

P2 (ONTROL CRITICAL TEMPERATURES

DIRECT FROM

THERMOCOUPLE OUTPUT!

Hot dimpling of high stress materials for flush riveting used in to-
day’s airframes requires unfailing control of sheet temperatures
within very close limits. Over temperatures might cause annealing
and loss of strength, and under temperatures, inter-granular disorder
and cracking.

To assure this precise and dependable control, Aircraft Tools, Inc.
employ Sensitrol Relays in the Hot Dimpling Press illustrated, as
well as in their portable dimpling tools. Operating directly from
thermocouple output, these relays render the equipment inoperative
should temperatures drop below a specified limit during dimpling;
and also are used in the thermocouple break-circuit to prevent heater
burn-out in case of thermocouple failure.

This is another instance where Sensitrol Relays have been adopted
because they provide a positive means of control direct from feeble
input signals . . . without any amplification. Some of their outstand-
ing fcatures are listed at the left. The complete story, in bulletin
form, is available on request. WESTON Electrical Instrument Cor-
poration, 614 Frelinghuysen Avenue, Newark 5, New Jersey.  so98

WESTO?/{J E ;
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L for(gwmm.}?/

for COMPRESSION
for CONNECTORS

for CONFIDENCE

GLASS-TO-METAL
VACUUM-TIGHT
MOISTURE-PROOF

r

- T

~ R T

W

L Constantin sCo.

MANUFACTURING ENGINEERS g
Route 46 Lodi, New Jersey {

RUGGED CONSTRUCTION

Also manufacturers of Glass-to-Metal

HEADERS - TERMINALS - END SEALS o TRANSISTOR MOUNTS - CRYSTAL BASES & COVERS « VACUUM COATING EQUIPMENT
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COMPLETE MILITARY LINE AVAILABLE.

POPULAR MILITARY TYPES ILLUSTRATED.

CORRESPONDING COMPLETE LINE FOR COM-
MERCIAL APPLICATIONS ALSO AVAILABLE.

EAST COAST OFFICE
Henry E. Sanders

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

WEST COAST OFFICE

Robert A. Stackhouse
928 So. Robertson Blvd,

P. 0. Box 35073

Los Angeles 35, Callfornia
Phone: Crestyiew 4-5931
TWX No, BEV H 7666

CANADIAN DIVISION

C. C. Meredith & Co., Ltd.
Streetsville, Ontario
Phone: 310

SOUTH AMERICA

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

OTHER EXPORT

Sylvan Ginsbury

8 Waest 40th Street

New York 18, New York
Phone: Pennsylvania 6-8239

SOUTHWESTERN U.S.A.
John A, Green Company
6815 Oriole Drive

P.0. Box 7224

Dallas 9, Texas

Phone: Dixon 8918

CHICAGO TELEPHONE SUPPLY
%mﬁﬁ/m'/imz

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

TYPE 65
(Miniaturized)

TYPE C90-65
Tandem :

UNPRECEDENTED
PERFORMANCE
CHARACTERISTICS

' Types 65, 90 and 95 are
. specially designed for

military communi-
cationsequipmentsub-
ject to extreme temper-
ature and humidity’
ranges:—55°C to+150°C
...ariditytosaturation.

MOUNTING PANEL

MAXIMUM LENGTH OF
BUSHING THROUGH
PancL

WATER SEALED
AND BEARING FO

RIABLE

Meets JAN-R-94
type RV4

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

TYPE 95

TYPE GC-95
With Switch

X
TYPE €2-95 i
Tandem ' ;

e s 9 ol
& wex swournen & on LY rirc
MOUNTING surrace

MOUNTING SEAL

oS
’ -pl\ll\llllll

A
" 2,005

CAN BE SUPPLIED WITHOUT THE WATER

SEALED MOUNTING S1OULDER)

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




RESISTC

Meets JAN-R-94
type RV3

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

TYPE 35

TYPE GC-35
With Switch

TYPE C2-35
Tandem

5 -39P. NEF-3 THO.

-f-xp NEF-2 TH,

400s $3 70 0EPTH

OF CONTROL BEMING
MOUNTING SURFACE

AND SMGRTENS

LOCATING LUG TO 048" 2.015"

LOCKING BUSHINGS FOR

Waﬁb&i in SPie

Meets JAN--94
type RV2

R EVER

Meets JAN-R-19
types RA25 and RA30

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

TYPE 25

TYPE GC-25
With Switch

TYPE C2-25
Tandem

"— % -390 NEF2 THOL

T
b

Jubiunr

¥

ol
td

LOCKING BUSHINGS FOR CONTROL

of Veriable Resislor

Meets JAN-R-19
types RA20

Lir v e




Cat’s whisker standards are not good enough for Armco
TraN-Cor Di-Max coils. That’s because nature’s thickness
tolerances are too high. At the end away from the cat, the
whiskers measure about 2-thousandths of an inch thick. At
the end approaching the cat they measure about 16 thou-
sandths. In other words, heavy ends.

“Heavy ends” are not limited to cat’s whiskers. In elec-
trical steels they can cause trouble because of the wide vari-
ation in lamination thickness. There are no heavy ends in
Armco TraN-Cor Di-Max welded coils. The ends are rolled
the same as the center.

LONGER DIE LIFE TOO

Armco TraN-Cor D1-Max is also made to standards “closer
than a cat’s whisker” to improve die life. Customers report
twice the average die life, compared with standard hot-

rolled electrical steels. Yet Di-Max means not only better
punching quality but also higher ductility, better flat-
ness and finish.

EXTRA INSULATION IF NEEDED

Di-Max coils and sheets have adequate insulation for most
applications. Where even better interlaminar insulation
is required, the steel is supplied with No. 4 Insulation. It
withstands annealing temperatures up to 1500 degrees F.

GRADES IN DI-MAX

Armco TranN-Cor Di1-Max. the modernized electrical steel
sheet, is available in coils or cut lengths in these hot-rolled,
cold-finished grades: M-19, -22, -27, -36 and -43. For com-
plete data write for the new booklet, “Armco Hot-Rolled
Electrical Steels.”

ARMCO STEEL CORPORATION :;.RMCO:

4914 CURTIS STREET, MIDDLETOWN, OHIO

SHEFFIELD

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

STEEL « ARMCO DRAINAGE & METAL PRODUCTS, INC. = THE ARMCO

\/®

INTERNATIONAL CORPORATION
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for rapid disconnect

use cannon

OPB SERIES

2

“unit plug-in’

connectors

speed up inspection...testing... maintenance! facilitate interchangeability!

You can connect, disconnect, interchange, reglace, test,
and inspect instruments, assemblies, and sub-assemblies
easily and rapidly when you use Canron “'Unit Plug-In"’
multi-contact electric connectors.
You'll find some with shells. . . some without. Shell
style units. . . in a wide variety of desigrs. . . are ruggedly
constructed to take the many ““in’’ and ‘‘out'’ operations of
rack, panel, chassis, and sub-assembly applications. Varied,
simple, but always rigid mounting facilities provided on each
connector half. Standard, miniature, sub-miniature sizes.
Either connector half may be made into a plug by use of an end bell.
Up to 156 contacts. And , ., . an amazing number
of combinations of contacts for control, audio, thermocouple,
co-ax, twin-ax, as well as pneumatic connections. In single- or
double-gang. Special moisture-proofed types. Standby units
feature gold-plated contacts to withstand deterioration and corrosion.

Write for full information. Write TODAY'!

\WCE !
By

first in connectors

CANNONIPIUGS

Please refer to Dept. 120

CANNON ELECTRIC COMPANY, 3209 Humboldt Street, Los Angeles 31,
California. Factories in Los Angeles; East Haven; Toronto. Canada; London,
England. Contact representatives and distributors in all principal cities.




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 INTERCHANGEABILIT
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.

S N
Ly N
NE oF MoLprTE ECONOMY

FERRITE CORES 4«9{
&

MOLDED COIL FORMS
(iron and phenolic)

MAGNETIC IRON CORES
FILTER CORES
THREADED CORES
SLEEVE CORES
CUP CORES

gust=”
NATIONAL

oo
o e ™ THE MOST COMPLETE LINE OF

MOLDITE IRON CORES v‘ CORES IN THE INDUSTRY!

Send for our new Catalog #120

Robert T. Murray Jerry Golten Co. Arnold Andrews Perlmuth-Coleman & Assoc. Jase Luis Ponte
614 Central Avenue 2750 W. North Ave. 521 Cumberland Ave. 1335 South Flawer Cardobo 1472
East Orange, N. J. Chicago 22, Il Syracuse, N. Y. Los Angeles, Cal. Buenos Aires C 0 M P A N Y

1410 CHESTNUT AVE., HILLSIDE 5, N. J.

60 Want more information? Use post card on last page. Noyembe,’ 1954 — ELECTRONICS



NEW G-E THRU-CON BOARD
ASSURES SOLDER CONNECTIONS
..REDUCES PRODUCTION COSTS!

HERE is an advanced printed circuit technique for preferred
application in commercial and military equipment. Eye-
lets are plated into specified holes at the same time the circuits
are plated on one or both sides of each board. Thus, positive
front-to-back connections are assured and solder connections
to components made easier. Bond strength is outstanding.
Remember, General Electric Thru-Con boards are available to
your custom specifications. Why not investigate Thru-Con today!

'.ﬁ-"}af &
oo e ’f & s

COMPONENT

New General Electric Delay Stick . ..
% The Industry’s First, Low-Cost Signal Delay Unit
% Developed Especially For Color Television

& i

Receiver design engineers and purchasing agents take note!
This economical delay stick can be made to your specifications
from 0.2 to 1.0 microseconds delay. Available with or without
terminating or compensating networks.

G-E KOR-LES RESISTORS. Famous for reducing ~ G-E MINIATURE TUBE SHIELDS (for 7 and 9-pin
resistor weight by as much as 50 %. Other tubes). Miniature wrap-around types for efh-
outstanding features include high power cient shielding in radio and TV circuits.
ratings and small size to make this ideal Sizes 17", 1%" and 1%". Ideal for those
for new 600 ma. series filament connections. who demand economy of space and cost.
A wide variety of sizes and types for selection. Bulk orders promptly delivered.

o —
General Electric Company, Components Department
1811 LeMoyne Avenue, Syracuse, New York o
Please send me literature and further details on your: ,
[ Thru-Con Boards ] Color TV Delay Stick [1 Kor-Les Resistors
{71 Tube Shields [] Have an Application Engineer Call
NAME. . cvevueneonsoasareseses 5000000000a00 560000000800300000 )
ADDRESS. ¢ e evesesssrnacnsesosssonssasanse 0000000a0E teressestseranassnnns
(difNlaoaacs 8000000400060 eeeretencaaensreranan STATE vecseeversseseene

 GENERAL @B ELECTRIC
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COPPER

ALUMINUM

COPPER
ALUMINUM

COPPER

ALCUPLATE FEATURES

Natural copper appearance
High electrical condudivity
Excellent heat dissipation
Soft-soldering surfaces

Easy fabrication

Light weight

Many Things
Copper Does

ALCUPLATE

Does At
Less Cost

Q How con you reduce the cost of copper or brass
in your parts or products?

A Get the same copper surface area and natural
thickness with less copper.

And that is exactly what ALCUPLATE does. ALCUPLATE is a
solid layer of copper permanently clad —to one side or both
sides of less expensive aluminum.

THUS % ON ONE SIDE
OR THUS % ON BOTH SIDES

THIS gives you solid copper performance at a 15 to 30% lower
cost over solid copper.

Yet, in addition to this cost reduction, ALCUPLATE provides vir-
tually the same physical and electrical properties as solid copper.

FABRICATING PROPERTIES

ALCUPLATE can be fabricated by stamping, drawing, spinning
and forming. The copper provides an ideal surface for soft-
soldering operations, electroplating or other finishes.

SIZES AVAILABLE
ALCUPLATE is available in coils or flat stock up to 1/16" thick
x 13" wide and in a choice of thickness ratios and tempers.

For further information, write or wire

ALCUPLATE®

METALS & CONTROLS CORPORATION
GENERAL PLATE DIVISION
311 FOREST ST., ATTLEBORO, MASS,
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ELECTRONIC
Test and Production

INSTRUMENTS

Ifor the producer of electronic or microwave gineers and produced in quantity in our own large
systems, FXR provides a distinctive service .. . with plant. The Waveguide Components consist of such
quality components that measure up to the finest units as rotary joints, waveguide switches, horns,
standards of design, craftsmanship and performance. cavities, dummy antennas and loads, antenna scan-
The FXR line of Test and Production Microwave ners, and duplexers.

Equipment consists of Electronic Instruments and Whether for tube production, radar systems,
Waveguide Components. microwave relay units, or guided missile applications

These Electronic Instruments, which include ... whether the project is large or small...FXR
Antenna Pattern Analyzers and High Power Pulse has the experience and facilities to produce your
Modulators, were designed throughout by FXR en- special needs accurately, swiftly—at lowest cost.

CosTom. Enginecrsa and Built = Cutom Engimecoed and buidlt
HIGH POWER PULSE MODULATORS - ANTENNA

These rugged line type modulators are custom engineered for ' P ATT E R N
continuous operation. Ease of operation, minimum of high voltage -
hazard, and maximum accessibility of all components are upper- A N A lYZ E Rs

most considerations in the design,

Type T705A

14 MEGAWATT UNIT
Type Z821A

@ Input voltage 440 or 550 volts—3 phase

@ Internal signal generator for trigger pulse

@ Output pulse for external synchrenization

@ Motor driven high voltage and heater controls

VVVY

@ Automatic voltoge backdown on magnetron sparking lu”
@ Output voltage—90 kv at 160 amperes <
® Output Z = 560 ohms =
® PFN—2.0 microseconds ot 500 cycles/sec =
® Moaximum duty = .001 3
@ Internal pulse voltage and current viewing facilities X m—
FXR ANTENNA PATTERN
ANALYZERS are general purpose
< i test equipments designed for
ol =) 3 measuring the radiation patterns
) = L of rotating antenna systems. The
i L O @ i analvzer, a receiver and indicator
; R unit, has the following character-
O . ey | istics:
: ~L‘ o | @ Visual pattern display
el @ Response vs angle of rotation
| @ 1 to 10 kme
l | e | @ Four plug-in r-f heads
| Ms.! @ Superheterodyne receiver
| 4 ; @ Single knob oscillator control
A o IR LGk
ATV 0™ ONE MEGAWATT UNIT i e R
— Type Z820A A TAVAVAVA AR A TR VVUVVVY VYUY
E ® Input Voltage—190—250 V single phase
- @ Provisions for mounting internal synchroscope
; o, » ! ® Remote control operation
i ’ Adia e ® Motor driven high voltage and heater controls
o . - @ Output Z = 1000 ohms
L § al‘_\wé-ii@ @ PFN1—0.5 microseconds at 2000 cycles/sec

PEN?2—2.5 microseconds at 400 cycles/sec
@ Internal pulse voltage and current viewing facilities

Data subject to change without notice. Prices on application.

omics & X-Ruy Division. |8

F-R MACHINE WORKS, Inc. CATALOG

26-12 BOROUGH PLACE, WOODSIDE 77, N.Y. ‘
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Negadn, - ROOT zmeavazaz: -

In figuring out new systems of automatic electrical control, Veeder-Root
Countrol can supply vital connecting links. For instance, this Predetermin-
ing Counter can be hooked into such a system to light a light, ring a bell,
or actuate a mechanism to stop a machine or process at any pre-set point,
And there are many other Veeder-Root Counters that can serve as ** count-
ponents” in almost any way desired. Or special counters can be designed
for specific applications. Engineers in any industry, now engaged in working
out automatic control systems, can count on Veeder-Root engineers to
work with themn on any problem where reliable facts-in-figures are needed.

VEEDER-ROOT INCORPORATED . Hartford 2, Connecticut

f i Chicago 6, Il < New York 19, N. Y, « Greenville, S. C. « Montreal 2, Canada
| / Dundee, Scotland « Offices and Agents in Principal Cities
-’ ® “The Name That Counts”

Want more information? Use post card on last page.

VEEDER-

New Vary-Tally Mulfiple-Unit Reset
Counter comes in any combination up
to 6 banks high, and 12 units wide
Write for news sheet and prices.
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LFE’s DECADE SCALERS
Model 1700 Series

e 0-10 Mc covered in four ranges, 40 Ke,
100 K¢, 1 Mc and 10 Mc Max. ® Direct
Decimal Display throughout, including
10 Mc o Individual Stage Outputs avail-
able on most types ¢ Low I’ower Con-
sumption

LFE's OSCILLOSCOPE Model 411

» X-Axis Plug-in Adapters for More Uses
» DC to 10 Mc Bandwidth ® 15Mv per Cm
Sensitivity, AC or DC® lu Sec. to1
Second Swecps

LFE's DELAYED TRIGGER GENERATOR
Model 901 x
15 to 100.000 Micr nd Ran 19, 5
.Abzs;lule Accurucy(:si)(fg% D?ff%f:miu/l LFE’s ULTRA-STABLE MICROWAVE
Accuracy (short term)e® Internal Trig- OSCILLATORS

gers Available
Model 804

¢ Holds frequency to 1 part in 100,000,000
¢ Available in X-baud, C-band and other
microwave frequencies ¢ 15% Modula-
tion when stabilized, 1007, without
stabilization from 1000 to 24,000 Mc /s

e Calibrated directly in frequency

Outstanding RECENT
developments from

®

LABORATORY FOR ELECTRONICS, INC. I ol )
nquiries on export sales
75 Pitts Street Boston 14, Mass. should be addressed fo:

Andrew S. Szucs, Inc.,
- . . 508 d St o
Creative developments in the field of electronics e o
New York 4, N. Y.

ELECTRONICS — November, 1954 Want more information? Use post card on last page. 65
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Here's what this

PULSED-CARRIER
GENERATOR

does for you... y '

| Rada=Lulser 5"

s
. .

cco
ELECTRICS™ -
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o PIN
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. g

€
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¥ s00 1t
oso PULS. -
M ARIN
putst 8*
o

i &
2004

\\\ LS By ot A1TEN

The RADA-PULSER SR., is a CW, pulsed-carrier and video pulse
generator, covering the 12 to 80 mc range in five overlapping bands,
with a wide choice of pulse widths and repetition rates. In con-
Junction with an oscilloscope, or a synchroscope, it may be used to

obtain a graphic display of the
of r-f and i-f amplifiers.

steady state and transient response

RADA-PULSER SR. SPECIFICATIONS

CARRIER FREQUENCY RANGE:
12 to 80 mc in five bands.
OUTPUT:
A—CW: 0.25 volts at 50 ohms.

\ B—Rectangular Pulsed Carrier: 0.25 volts
into 50 ohms.

C—Video Pulse: 0.5 volts negative into
50 ohms.

D—Video Pulse: 5 volts negative into
500 ohms. (10 volts open circuit)

’PULSE OFF’’ LEVEL:
Minus 80 db.

Write for 1954-55 CATALOG

HARMONIC CONTENT:
Y2 x frequency, — 20 db.
1% x frequency, — 30 db.
2 x frequency, — 10 db.
PULSE WIDTH:
Calibrated, from 0.2 to 20 microseconds.
PULSE RISE AND RATE OF FALL:
0.03 microseconds.
PULSE REPETITION RATE:
Calibrated, 300 to 3000 pps.
OUTPUT ATTENUATOR:
50 ohms constant impedance. 101 db
max. in steps of 0.5 db.
PRICE:
$745.00, f.o.b. Pine Brook, N. J.

KAY ELECTRIC COMPANY

14 MAPLE AVE. . CAldwell 6-4000 . PINE BROOK, N. J.
PRECISION TEST AND MEASURING INSTRUMENTS FOR LABORATORY, PRODUCTION AND FIELD

Want morc information? Usc post card on last page. November, 1954 — ELECTRONICS



Facts behind the S-1 Timer’s extraordinary

#12 and 7§14 fasten ta center shaft (#13)

All ather parts slip an shaft.

Formuia S-1 Expensive high torque, ball bearing motor, low
inertia of moving parts, high proportion of precision and ground parts, no
thrust bearings as found in ordinary cluiches.

@® High torque (2 inch-ounce at 100
RPM) industrial grade motor (#1) with
no internal gear train so small changes in
load due to binds or hand acceleration
cause no phase shift between rotor and
rotating field . .. runs continuously to
eliminate starting error.

@ Precision cut gears (#2, #3). Any
eccentricity or inaccuracies in gearing
reflect directly in timer reading.

@ Slip clutch composed of hardened steel
spring (#4) riding a V-grooved graphited
(for long wear) collet, applies .6 inch-
ounces of torque to aluminum (for low
inertia) control disc (#5) with 314 tiny
teeth in its periphery.

@® To hold control disc (#5) at rest, 2
hardened steel brake shoes (#6), ground
to square knife edges, grip periphery of
control disc in 4 places ... control disc
position to under 14 of a degree (1/720
second).

To Split the Split Second with ACCURACY,

@ Electro magnet (#8) pulls brake shoes
away from control disc through arma-
tures (#7). Air gaps kept to minimum for
speed. Precision made fulerums prevent
stickiness or unequal movement of arma-
tures.

@ Adjusting screw (#11) adjusts tension
of armature spring (#10) so that time
between energizing magnet coil and
starting of control disc is same as time
between de-energizing magnet coil and
stopping of control disc. This compen-
sates for starting and stopping errors.

@ Second friction clutch (#12) transfers
control disc motion to center staff (#13);
allows hands to be reset when control
disc is held stationary.

STANDARD

Take a Minute Now and Send Us This Coupon '

The STANDARD ELECTRIC
TIME COMPANY

97 LOGAN STREET ¢ SPRINGFIELD 2, MASS.

PRECISION TIMERS o PIPELINE NETWORK ANALYZERS
CHRONO-TACHGMETERS

LABORATORY PANELS L]

ELECTRONICS — November, 1954

Name

"Gentlemen . .

\-‘ the formula for our astounding

fmal accuracy of .005 sec. obtained
lih our D-C clutch S-1 Timer."

. Let me give you

SINCE 1884

THE STANDARD ELECTRIC TIME COMPANY
97 lagan Street ¢ Springfield 2, Massachusetts
Gentlemen: Please send me complete

Engineering Data on the S-1 Timer.

Firm

Street.

City

State

Want morc information? Usc post card on last page.
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Build performance into
servo systems — with

Honeywell Components

® converters

Compact, durable; proved by years of service in ElectroniK re-
corders. Convert low power d-c signals to alternating voltages for
nominal frequencies of 25, 40, 60 or 400 cycles, as specified. Useful
for null detection or error voltage measurement. Refinements in
design give low phase angle lag and extremely long life. Ask for
Data Sheets 10.21-1 and 10.20-5.

e amplifiers

For use with converter and balancing motor, for null detection and
error signal correction. See Data Sheets 10.20-3b and 10.20-4.

i Input I Overall
Amplifier Sensitivity*

impedance (volts) Voltage

LCx {ohms) volts Gain

357504-20 80,000 3 x 10 T x 10¢

357504-21 80,000 Tx 10°¢ 3 x 108

357504-5 400 4 x 108 1T x 10¢

356899 2,200 .05 x 10-¢ 40 x 108

*Approximate sensitivity, when used with motors listed below.

® balancing motors: 2-phase induction, reversing

Totally enclosed, self lubricated. High torque at low speeds. See
Data Sheet No. 10.20-2c.

‘—— Ratings for 115 volt, 60 cycle operationt o
Shaft Speed, rpm 27 54 162 "3

Maximum Torque,

inch-ounces Lt Lt L LU

l Intermittent
Rated Torque, 30 15 5 4
| inch-ounces

- — S .

Maximum Power,

. 5850 at 5800 at 7550 at 8750 at
inch-ounces
i 14-16 rpm 30-32 rpm 92 rpm 190 rpm
Power Required, Line Field, 11 watts
| all speeds Amplifier Field, 2.5 watts

tMotors for 25 and 40 cycle service are also available. Above motors may be used on 50 cycles.

are available as separate units or as complete systems for ex-
perimental servo circuits. Your inquiry is invited.

THESE precision-built components, used in ElectroniK recorders,

MinNEAPOLIS-HONEYWELL REGuLATOR Co., Industrial Division,
Wayne and Windrim Aves., Philadelphia 44, Pa.

H| Homneywell

Fostr i Coitrnli-

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



Exciting Ne

| '

Photo courtesy
Methode Manufacturing Corp.
Chicago, Il

in Printed Circuits!

Ncw CuCran® copper-clad laminate oflers unequalled bond strength, heat
resistance, sotderability, punchability, electrical performance!

Here's the foil-clad laminate you've been waiting for! It's CuCran Laxticon®
—made possible by an entirely new concept in bonding material, specially
designed equipment developed exclusively by Mica Insulator Company. This
new bond and unique bonding mcthod give you unequalled performance that’s

consistent and dependable from shect to sheet, lot to lot. *Trade-mark
You get all these advantages:
A STRONGER BOND WHICH A
IMPROVES WITH AGE AND HEAT BOND STRENGTH—Guaranteed min: 6 |b.; avg
BETTER HEAT RESISTANCE 9 Ibs. (90° peel at 2 lbs/min)
BETTER REACTION TO HOT SOLDER SOLDER TEST—Guaranteed no blisters @ 230-
BOND ELECTRICALLY EQUAL 1 240° C. for 10 seconds, 1‘’ square floated on
molten solder
TO LAMINATE HEAT RESISTANCE—Guaranteed no change at
IMPROVED ARC RESISTANCE 150° C. for V2 hour in air-circulated oven, air
SUPERIOR PUNCHABILITY e e ey
UNIFORMITY PUNCHABILITY—Excellent
. = SURFACE RESISTIVITY, megohms
and CuCrap Lanicoip 1s competltxvcly €-96/35/90 ..o 7.3 x 10
sriced! VOLUME RESISTIVITY, megohm cm.
I . C-96/35/90 ..o e 3.7 x 10°
CuCrap Laxicotp is available NOIV, ‘IN/ll\Z,E,R':BaR/P;LISO_T_ e
in several grades. Tell us your require- sopper o P 0.1%
e T NSO . /16" th., E + D-24/23
nients ‘()1 Pl()bl?rns or ask to have a copper removed ...........o..ooeiieinieirine e 0.7%
Mico Sales Enginecr call.

MICA %ﬂm COMPANY

P Schenectady 1, New York
Offices in Principal Cities
In Canada— Micanite Canada, Ltd., Granby, Quebec

LAMICOID ® (Laminated Plastic) » MICANITE ® (Buill-up Mica) o EMPIRE ® (Coated Fabrics and Papers)s FABRICATED MICA ® 1SOMICA®

ELECTRONICS — November, 1954 Wont more information? Use post card on lost page.
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00k 1 ppe /of fyp{%&%w

FOR IMMEDIATE DEI.IVERY!I

.

SIZE 10
.937"" diameter

Aetual Scze

Lo
-
f_—J L-T
G o
SIZE 22

2.161" diameter

SIZE 11
1,062 diameter

CLIFTON PRECISION now offers these high accuracy, low
weight synchros in practically every type of size 10, 11 and
15 as stock, off-the-shelf items for immediate delivery.

1.437" diameter

Also, virtually any variation of these same units is obtain-

able. For example:
® Synchros wound to customer’s specific requirements
® Special shaft lengths and shapes
® High impedance units
® Feed back windings
® Special core materials
® Linear generators
For customer’s special application:
® Flux valve couplers—very low flux levels
® 30~ 1o 5000« use (phase shifters)
® Sawtooth wave use—usable up to 100,000 or higher with special windings
© Computer elements with high accuracy, high linearity
Although we are prepared to serve your special needs, we
urge the use of standard units wherever possible for speed
of delivery and economy to you.

For full information, drawings elc., write or telephone:
T. W. Shoop, Sales Mgr., Clifton Heights, Pa. MAdison
6-2101 (Suburban Phila.)

West Coast Rep. Wm. J. Enright, 988 W. Kensington
Rd., Los Angeles. MUtual 6573.

Cppc

S’ CLIFTON PRECISION PRODUCTS €O. INC.

CLIFTON HEIGHTS .J:_"_'ﬁli.:-'_':“" =g PENNSYLVANIA

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

“PIG-TAILOR" ;. “SPIN-PIN" *,

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 clippingsl
8. Closer cost control. 8. 65%, chassis handling!
9. Invaluable labor saving. 9. Excessive lead tautness!
10. Immediate cost recovery. 10. Haphazard assembly methods!

S eTENT Write for illustrated, descriptive text on “PIG-TAILORING” to Dept. E-11

PENDING

BRUNO-NEW YORK INDUSTRIES CORPORATION

DESIGNERS AND MANUFACTURERS OF ELECTRONIC EQUIPMENT

460 WEST 3a4th STREET L HMEW YORK 1, N. Y.

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



¥ pcrmh ‘bencb soldering to w-mrg £
© harness bbiore mounting. =

STANDARD TEST JACKS

metal shell insures firm,
dependable mounting.

e

ALL-NYLON THREADED
INSULATOR

low capacity to panel and
high voltage breakdown.

Test Jacks by Ucinite

The introduction of Ucinite’s back-mounting
jacks makes available for the first time a complete
line of high quality test jacks suitable for use in
equipment where long life and dependability are
essential.

Ucinite Test Jacks, designed for standard .080
phone tips, are available in a variety of colors
ideally suited to coded application. Silver-plated,
heat treated beryllium copper contact is made in
one plece with large terminal ends for easy solder-

The

ELECIRICAL ASSEMBLIES

ing. The feed through type is provided with a
one-piece brass terminal stud, tin-plated.

The specialized abilities and experience of
Ucinite’s own staff of design engineers are avail-
able for work on new and unusual problems.
Volume production facilities ensure fulfillment of
the largest requirements.

For full information, call your nearest Ucinite
or United-Carr representative or write directly
ta us.

Specialists in

UCINITE CO.

ELECTRICAL ASSEMBLIES,
Newtonville 60, Mass.,

J . RADIO AND AUTOMOTIVE
Division of United-Carr Fastener Corp.

72 Want more information? Use post card on last page.
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Costs go tumbling...

when standard

pr. b
A
O

d 4
e

Radio Receptor | rectifiers
do the work of
specials in magnetic

amplifier applications

—————————————————————— / . o . .
i R 4 Here’s a magnetic amplifier regulator just off the production
Mr. Dornhoefer (upper right) :»’/ line at Regulator Equipment Corp.’s plant in Paterson, N. J.
inspects current production e It includes eight RaDIO RECEPTOR selenium rectifier types
of magnetic amplifier regu- /

% using standard quality cells for a total of 18 units in all, and
regulates the voltage and frequency of 400 cycle motor
generator scts aboard many of Uncle Sam’s submarincs.

lator with Mr. J. F. Hysler. /
Rating of the motor genera-
tor set it regulates:

&
[}
)
[}
L}
|
I
]
I
! [
[}
| o VA 20V ! . »
| ou;pgltlasif(400’clyc?es.’ i “The decision to use standard stacks,” says Warren Dorn-
: Input: 175 to 345V, DC. =| hoefer of Regulator Equipment Corp., “is governed by such
: Regulation accuracy: ! factors as desired magnetic amplifier performance, reactor
: %0.5% on both voltage ! core material, ambient temperatures, power supply frequency
I :
: |
! :
1
! 1
J

Arﬁrb;?erftret?rﬁggéture: 50°C. and many others. Naturally we aim for the right combination
Made for and has passed to give best overall results.”
H. 1. shock tests. “It has been our experience,” continucs Mr. Dornhocefer,
“that the standard Raplo RECEPTOR stacks we use perform
highly satisfactorily in this mag-amp application and in others
sipm A L - T we have designed and produced. When we sce such cxcellent
results from the regular stacks we prefer to be realistic —
particularly when delivery and cost are factors.”

Naturally, stock rectificrs arc not always the answer for
every magnetic amplifier circuit. We can and do supply
specials where necessary. We suggest you let us study your
specs the next time you require rectifiers for this purpose.
Chances are we can save you money — and time!

We also manufacture transistors and
silicon and germanium diodes.

One of the Radio Receptor recti-
fiers incorporated into Regulator
Equipment Corp.’s magnetic
amplifier regulator.

Semi-Conductor Division
RADIO RECEPTOR COMPANY, INC.

In Radio and Electronics Since 1922 3
SALES DEPARTMENT: 251 WEST 19th STREET, NEW YORK 11  TELEPHONE: WAtkins 4-3633, FACTORIES IN BROOKLYN, N. Y. Reliable

ELECTRONICS — November, 1954 Want more information? Use post card on last page. 73



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

Cannot be damaged by external overloads! No down
timel Circuit breakers provide complete protectionl

& Overload Circuit Breakers.
AC and DC Circvit Protection

@ No “‘Down Time’ due to
External Overloads

& Vemnier High Voltage Control

SPECIAL FEATURES

@ Hermetically-Sealed,
Oil Filled Condensers

@ Time Delay Tube Protection

@ All-Aluminum Construction

& Stable 5651 Reference Tube

& Made by America’s Leading
Power Supply Specialists

SPECIFICATIONS FOR LAMBDA MODEL 71 PORTABLE

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

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

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

DC OUTPUT NO. 2 (regulated for line only)
Voltage ranges: Internal Impedances:
(a) 0-50 VDC (no load) 5,500 ohms
(b) 0-200 VDC (no load) 25,000 ohms
Current range:
Any value of external load impedance may be used includ-
ing continuous low impedance or short-circuit. Insignificant
inter-action on Output No. 1 Short Circuit Current: 9 MA
(Max.)
Regulation (line)................................ Better than 0.1%
Ripple and Noise... «oeo...Less than 5 millivolts rms
Polarity..................... Positive terminal connected internally to
negative terminal of DC Qutput No. 1.
AC OUTPUTS (unregulated)
Two outputs, isolated and ungrounded. Each is 6.5 VAC at
SA (at 115 VAC input). Allows for drop in connecting leads.
May be connected in series for 12.6V (nominal) at SA, or in
parallel for 6.3V (nominal) at 10A.

AMBIENT TEMPERATURE AND DUTY CYCLE:
Continuous duty at full load up to 40°C (104°F) ambient.

THE FIRST
103-02 NORTHERN BLVD. -«

NAME

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

OVERLOAD PROTECTION:

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

Internal failure protection.......... Fuses, access through rear of
of cabinet.

INPUT AND OUTPUT CONNECTIONS:

Input... ... 8 foot heavy duty rubber covered line cord
with integral molded plug, rear of cabinet.
Output................... Sturdy insulated “S-way” binding posts,
front panel.
METERS :
Output voltage.......................... Multi-range 312" rectangular

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

TIME-DELAY RELAY CIRCUIT:

A 30 second time delay circuit is provided to allow tube
heaters to come to proper operating temperature before high
voltage can be applied.

SIZE AND WEIGHT AND FINISH:
Size.......... -
Weight .
Finish .....

13" Hx 8%"” Wx 141" D

LAMBIDA Electronics Corp.

IN POWER
CORONA 638,

SUPPLIES
NEW YORK e« TWINING 8-9400
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Research

Production

AN INTEGRATED ELECTRONICS OPERATION

g Hoffman's reputation for getting things done is due, in
part, to the unification of Research-Development-
Design-Production into one closely integrated electronics
operation. At Hoffman — instead of the usual four
completely separate operations —one technical director

Navigational Gear ) : . i
is assigned to co-ordinate each new project from

Guided Missiles

Radar start to finish. Every new project is developed in close
Noise Rejection o ith the divisi head. includi
Countermeasures cooperation with the divisions ahead, including
Computers the practical problems of quantity production. This

Communications
Terminal Equipment
Transistors

integration practically eliminates the all-too-common
duplications and overlapping of functions, the errors
and re-work caused by poor liaison, and materially cuts
down the usual time lag between the testing

o2 . of the prototype and actual production.

/{f‘}? \ Hoffman has become a leader in electronics by

doing progressively complex jobs — to specifications —

I.IUff"‘a n ..; to cost estimates — and on schedule.
f- Write for your copy of a

LABORATORIES, INC. F° REPORT FROM HOFFMAN LABORATORIES
A_DIVISION OF HOFFMAN RADIO CORP
HOFFMAN LABORATORIES, INC.

A Subsidiary of Hoffman Radio Corp.
3761 South Hill Street, Los Angeles 7, California

i) Challenging opportunities for outstanding electronics and

i ; : e ol

A mechanical engineers. Write Director of Engineering.
- -

]

ELECTRONICS — November, 1954 Want more information? Use post card on last page.
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thi
control
needed
protection

here’s the easy way they }
protected it with

4

resuit: a
complete
barrier
against
vibration,
corrosion,
dampness,
fungi.

HamiIton Standard Division,

United Aircraft Corporation, needed a potting
material for the electronic temperature
control unit that governs cockpit air-conditions
ing— found Nopco Lockfoam ideal

for the purpose.

Nopco Lockfoam is indeed ideal for this

and many other similar tasks because of the
absolute protection it aflords against

damage from severe vibration. Its light-weight
closed-cell structure makes a tamper-proof
assembly, and gives a high impermeability

to dampness, corrosion, and fungi growth. Also,
its pour-in-place technique effects great
economy of assembly time,

Further, each of the 50 different

formulations available is highly consistent
and reproducible.

Where Can YOU Best Use These Properties? Perhaps the rare combination of properties
of this versatile plastic can help with some

;‘:g;'rp;:::::ni“ion "ci(?‘ongr:rrsmo' Insulation product you have in mind. ¥'rite today
018 at 8 Ib/eu fi for the Nopco Lockfoam booklet.

Ease of Fabrication

S Theedsic 5 ncal to .025 at 11 Ib/eu #t

Great Strength Wide Range of Densities Plastics Division

S EEE ) NOPCO
Excellent Electrical Properties Oreat Vesaliy 1

!

i

RSt Lsckfoan Tevtid 50 different formulations

ste . HADImATL
o1 ©.975 KMC avajlable CHEMICAL COMPANY I‘
RESEARCH

Dielectric Constant 1.05

Harrison, New Jersey
4858 Valley Blvd., Los Angeles 32, Calif.
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Series 600 A. C.

The Series 600 is a
sturdy, compact, light-
weight general purpose
= industrial relay.

W

Series 100 A. C.
Simplicity of installation,
sturdy, with minimum adjust-
ment. An ideal relay for

quantity buyers. Underwriters
. Laboratories
Underwriters Labora-
Approved

\ tories Approved.

Guardian Relays Available to Meet @ Specifications

POWER TYPE INSTRUMENT CONTROL SENSITIVE TYPE

Series 5 D.C. Operates
on a minimum of power.
Especially suited for elec-
tronic timers, high speed
counters, telephone dial-
ing and emergency light-
ing or signaling.

Series 120 A.C. This low
cost, compact relay has

i) proved extremely popu-

p % lar for fast-action instru-
long-life. Applications in- I, & ment control for burglar
clude hand dryers, motor g alarms, smoke control
and stoker control. el systems.

Series 220 A.C. High
current capacity com-
bines with dual contact
arrangement to insure

HEAVY DUTY TELEPHONE TYPE COMMUNICATIONS

P s " Series 405 D.C. Sturdy,

- lightweight, carries up to
10 P.D.T. contacts. Vibra-
tion resistant. Pin type

Series 30 A.C. with
laminated field piece
and armature is ideal
for electric scoreboards,
elevators, broadcast armature bearing. Fre-
© circuits, public address . quently used in plate
systems. circuit phototubes.

SffPPERS—SOLENOIDS—SWITCHES——COMPLETE CONTROL ASSEMBLIES
Hrite ror FREE RELAY CATALOG No. 10-C

GUARDIAN\ELECTRIC

1625-M  W. WALNUT STREET CHICAGO 12, ILLINOIS

A COMPLETE LINE OF RELAYS SERVING AMERICAN (NOUSTRY

Series 595-P .D.C. Tiny,
powerful. Combines pin
type bearing feature
with enlarged field
piece, longer coil. Also
hermetically sealed.
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Seamless Nicke! Anode.
Flattened one end.
500" O.D. x 025"
Wall x 1.625' long.

78

How to measure the depth of D. Jones” locker

3

TRANSMITTED |
PULSE ——»l'

|
|
|
|

Best insurance against running aground is sonar
. .. echo sounding equipment.

RCA VictorDivisionof Radio Corporation of America
uses the phenomenon of magnetostriction to send
and receive supersonic pulses and so determine the
distance to a submerged object on the ocean’s floor.

Magnetostriction—the familiar “Joule Effect” of
your textbook days—is the ability of a ferromag-
netic metal to change dimensions when magnetized.
The metal of RCA echo sounding equipment is
Superior Grade “A” nickel tubing.

70 pieces of Superior seamless nickel tubing, cold
drawn to 33’ 0.D. x .020"" wall thickness and cut
to ’4 of the wave length of the alternating current
signal, are soldered to a plate. Each length is
enclosed by a coil.

Nickel
Round,
tabbed, single bead,
045" O.D. x .0021""
Woll. 27 mm long.

Lockseam*
Cathode.

Seamless Nickel Coth-
ode. Round, flanged
one end, .070' /.072"*
I.D. x .0025" Wall,
295 long.

Want more information? Use post card on last page.

Disc Cathode 121"
0O.D..212" long.

Energizing the coil with alternating current, the
tube expands and contracts, creating a piston effect
on plate and diaphragm, sending out a supersonic
wave. Likewise, reception of the echo wave by
the diaphragm again causes the nickel tubes to
pulsate and induce a current mn the coil.

RCA Victor looks to Superior for accuracy and
uniformity of analysis, precision drawing and cut-
ting in large quantities. For cathodes, anodes, or
tubing specialties, and tubing technology—ask
Superior. Superior Tube Company, 2500 Germantown
Avenue, Norristown, Pa.

crvor”

S

BING

smALL TU
NAME IN

THE 8IG

%

Certain analyses i
Walls up to 214/ O.D

Mony types of nickel cathodes—made n Lockseam* from nick
disc cathodes, and a wide variety of anodes, grip cups and other

All analyses 010" to
" 0.D.

n Light

ol strip,
tvbular

fabricated ports are availoble from Superior. For information and Fres
Bulletin, oddress Superior Tube Company, Electronics Divisien, 2500

Germantown Avenuve, Norristown, Pa.

*Monuvfactured under U.S. Patents.
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Now...af

VARIAN brings you
A NEW, HIGH PERFORMANCE RELAY KLYSTRON

It's the VA-220, another outstanding example of Varian design leadership . . .
research and product engineering that brings you the most dramatic cost reduction
in the history of high performance klystrons — with no compromise in quality.

UNSURPASSED
FOR EVERY
RELAY APPLICATION

THESE ADVANTAG
MEAN TOP PERFORMANCE

FOR COMPLETE SPECIFICATIONS

the former cost

Microwave relay system designers and equipment buyers have long known that
Varian relay klystrons are unmatched for frequency stability, power to override
noise, reliability and long life. The VA-220 gives you performance that even
exceeds the high standards set by Varian X-26 klystrons . . . at half the cost.

consistently outper-
is your

In the 6000-8000 megacycle band, VA-220 klystrons will
form all others. Here are six reasons why this sensational new klystron

best buy for all relay applications:

Longer Life—VA-220 Kklystrons can be operated at

o Greater Power —VA-220 high power klystrons are
conservatively rated. They will deliver more than full power for thousands of hours, at low power
rated power without failure. for years.
® Greater Frequency Stability — VA-220 kiystrons have Less Distortion, Less Noise — FM distortion and in-
negligible frequency drift. herent noise are negligible — 60 db below a 1-
megacycle deviation.
o Greater Uniformity —Varian mass production tech- Lower Cost—VA-220 klystrons cost far less than

niques assure uniformity — every klystron is as
reliable as a nut and bolt.

TYPE | FREQUENCY RANGE = RLCONATOR
'VA-220% 5925 - 7425 mc 750 v

any other relay klystron with comparable per-
formance characteristics.

POWER MODULATION
ouTPUT BANDWIDTH SENSITIVITY
1.2 watts 35me 375ke/v

*VA-220 B, C, D, E and F each cover a frequency range of approximately 300 mc

and technical data on the VA-220 and other Varian klystrons, write to the

Varian Application Engineering Department today.

IN KLYSTRONS, @1 VARIAN associates

THE MARK OF |
LEADERSHIP 1S |

ELECTRONICS — November, 1954
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Representatives in all principal cities.

CALIFORNIA
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PLUG-IN UNITS

TYPE 53A—DC to 10 mc, 0.035
psec risetime; 0.05 v/cm to 50
v/cm, calibrated ... ... ... $85

N i

@
1%

TYPE 53B — Same as Type 53A
with additional calibrated ac-
sensitivity to 5 mv/cm. .. .$125

.88

TYPE 53C—Dual-trace unit. Two
identical amplifier channels, dc
to 8.5 mc, 0.05 v/cm to 50 v/cm.
Electronic switching triggered by
oscilloscope sweep...or free run-

ning at about 100 kc. .. .. $275
% g
K 0 @

.

e

[ 03

.
By,

a

TYPE 53D — Differential input,
high gain. DC to 350 kc at 1
mv/ecm — pass-band increasing
to 2 mc at 50 mv/cm. Full range
—1 mv/cmto 125v/cm. . .$145

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-
erate cost of a new plug-in unit.

You'll save valuable engineering time and accomplish much
more with a Tektronix Type 531 or Type 535. The money you
invest will work harder, longer.

OSCILLOSCOPE CHARACTERISTICS

Wide Range of Triggered Sweeps Balanced Delay Network

0.02 psec/cm to 12 sec/cm, cantinuously 0.25 pusec signal delay in vertical amplifier,
anableh Sensitive Horizontal Amplifier

24 colibroted sweeps from 0.1 usec/cm to 0.2 v/cm 16 20 v/cm sensitivity.

5 sec/cm, accurate within 3%.
Versatile Triggering

Internal or external, with amplitude level
High Writing Rate selection or automatic triggering.
10 kv on new precision crt — permits Square-Wave Amplitude Calibrator

photographing single sweeps at the 0.2 mv to 100 v in 18 steps, accurate
within 3%,.

Wide.Band - DC-Coupled Unblanking
ide-Band Output Amplifier .. .
DC-coupled amplifier designed for use with all CRT Beam Position Indicators

Type 53-Series Plug-In Units. Electronic Power-Supply Regulation

Accurate 5-x magnification.

fastest sweep speed.

TYPE 531 — 3995 plus price of desired plug-in units.

TYPE 535 —same characteristics—plus delayed sweeps tsec to 0.1 sec calibroted delay in 12
ronges, incrementol accuracy within 0.2% of full scale. Conventional or triggered operation . . .
$1300 ptus price of desired plug-in units.

Your Tektronix Field Engineer or Represent-
FACESNEoko: ative will gladly arrange a demonstration

Portland {Beaverton), Oregon

& Tekfr@nlx inc.

4
4
jsg vy P. O. BOX 831A * PORTLAND 7, OREGON
CYPRESS 2-2611 . CABLE: TEKTRONIX

at your convenience . . . Call him today.

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



THIS RUNDEL-BUILT VARIABLE VOLTAGE
CONTROL PANEL is designed for con-
trollmg three motors, each with five

selertive speeds. Major components
inclede Ward Leonard A-C and D-C
contactors, starters, relays and
resistors,

e - one-stop shopping

Whether you're building, buying, or using controls, you'll find every
A.C. or D.C. component you need at Ward Leonard.

That includes components for automation control, processing machin-
ery, variable voltage speed control (Ward Leonard System of Control),
machine tool control, conveyor system, air conditioning and other
controls.

Here’s what one-stop shopping at Ward Leonard gives you:

Coordinated design gives matched performance between components.

Quality-controlled manufacture assures uniformly excellent perform-
ance of each component.

Broad sclection cuts shopping hcadaches, time, costs.

Ward Leonard design minimizes required panel size.

Ward Leonard design simplifies engineering requirements.

See back of page for extreme versatility of W.L. components.

A Ward Leonard engineer will be glad to show you our complete line
of coordinated components for your control application. Or write for

control catalog to Ward Leonard Electric Co., 600 South St., Mount
Vernon, New York.

€

WAEDLEONAGO

FOR

»%e | control components

s ey

5 major control components make
W. L. line complete

. A.C. and D.C. CONTACTORS — solenoid
type, multi-pole, wide range of accessories.

. A.C.and D.C. MAGNETIC RELAYS — stand-
ard and specialty types like vibrating field,
field loss, anti-plugging, etc.

. A.C. STARTERS — Manual and magnetic, full
or reduced voltage, single- or multi-speed.

. RHEOSTATS — Ring, plate and face plate
types, manual or motor driven.

. RESISTORS — Low, medium or high current
for control circuit, motor starting, etc.

J/




contactor... 3 basic models...
major variations...

Here's what’s available from the three basic models
illustrated ahove:

. Size 2 A.C. solenoid contactor

. Size 2 A.C. starter

. Size 2 A.C. solenoid contactor with D.C. power plant®

- Size 2 D.C. solenoid contactor

. Size 2 D.C. solenoid contactor with A.C. power plant

. Contactors above with left- or right-hand integral dynamic
brake®*®

. Contactors above with: a) base mounted auxiliaries, b) side
mounted auxiliaries, ¢) base mounted low power auxiliaries
(precious metal for electronic circuits).

. Contactors above with mechanical interlocks, ecither horizontal
or vertical types.

. The size 3 D.C. solenoid contactor (single pole, with or without
dynamic brake) has same mounting base plate as the Size 2.

* Equipped with continuous duty D.C. coils.

“* D.B. contact can be used as a normally closed power contact.

——m e

WARD {EONAED

combinations

Here’s why you save time and maney when

vou use Ward Leonard contactors in building
vour controls:

Minimum stock is all you need, thanks lo
unmatched versatility of Ward Leonard
controls.

Less panel space is needed with W.L.
designs.

Lower assembly costs with W.L. steel based
units (for D.C. too) to eliminate expensive
insulating panels.

Less layout and drafting time is required.
All D.C. coils are continuous-duty type.
Fewer renewal parts are necded.

Write for control catalog to Ward Leonard

Electric Co., 600 South St., Mount Vernon,

New York.

4.9




CONFIDENCE

* You can place your orders for printed circuitry and allied elec-

tronic sub-assemblies in the bands o f Photocircuits C orporation with

assurance of satisfaction for these reasons:

SUCCESS.  Photocircuits Corporation
has produced more printed circuits of
the etched foil variety than any other
company. It has an unexcelled reputa-
tion for reliability of quality and pro-
duction performance. Photocircuits Cor-
poration has played the largest part in
bringing to maturity the young printed
circuit industry.

RESEARCH, a never-ending activity at
Photocircuits Corporation, does not stop
with experimentation on production
methods! Many suppliers, as well as its
customers, have benefited greatly by
Photocircuits’ research efforts.
Photocircuits Corporation’sinitiative has
been the bulwark and bellwether of the
industry’s development of a variety of
insulator-conductor laminates for
printed circuitry.

SPECIALIZATION. At Photocircuits
Corporation “printed circuitry” is the
sole aim and product. Engineering and
production staffs concentrate only on
producing the best for each application
of electronic and electrical circuitry. . .
extending to switches, commutator
discs etc.

TECHNICAL AUTHORITY. Coupled
with actual production, the Photocircuits
Corporation technical staffs have devel-
oped for the trade press authoritative
information to aid the entire industry.
This is also the product of pioneering, of
concentration, of successful achievement.
Engineering bulletins, furthermore, have
been produced on all phases of design
and production of printed circuitry.
These are available to all on request.

i o

flﬂ ' R e I-I The information indicated in the
S 2 conpon is yours on requess.

¢ 3

(&)
ul."gI'-II-.-.-.--.--.----------I
0O R P ORATI O N ==y

o s
. PHOTOCIRCUITS CORPORATION

Pioneers in Cost-Cutting Printed Circuit Techniques Bept. E11, GLEN COVE, N. Y.

GLen Cove 4-4000 . FLushing 3-5050

Please send us the literature items checked:
[J 1954 Engineering Brochure

o i
H ]
. .
L n
H n
" [l
H [
H a
. 3 P-1 Fabrication :
= 3 P-2 Base Materials ]
» 3 P-3 Platings & Plated-Thru Holes :I
: J P-4 Etched or Plated Conductor Characteristics n
[ [ P-5 Printed Components : !
: [] P-6 Switch Plates & Commutator Discs .
8 [ P-7 Assembly & Dip Soldering -
: [3 P-8 Layout & Design e/
BOSTON: 25 Huntington Ave. « COmmonwealth 6-7705 s :
®  NAME a
CHICAGO: 4258 W. Irving Park Rd. * PAlisades 5-1170 : HE
s COMPANY .
PHILADELPHIA: 1531 Spruce St. * Kingsley 5-1205 M :
R &  ADDRESS.... w i
ROCHESTER, N. Y.: 3 Juniper St.  CUlver 7635 : 8
s CITY ZONE STATE :
-

LOS ANGELES: 7407 Melrose Ave. * WEbster 3-7276
DAYTON, 0.: 1521 Burroughs Drive = RAndolph 5907 * Trode Mark M
KANSAS CITY, MO.: 903 McGee St. « Victor 8090 . i

\—

Want more information? Use post card on last page.
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Solid Side"Rach, Cabinet

Meter
Switch

-

T4

olenoid
Relay %

100KW ¥ :
Transmission ‘ g *
Line Brackeg$*

“Studier&gnal Light

B Power Mefer Opeh, Side
Sbortipg’Switch N Rack Cibing

GATES RADIO COMPANY cumcr. . v s a

Manufacturing Engineers Since 1922

Atlanta, 13th & Spring Sts.

Washingteon, D. C., Warner Bldg.
Montreal, Canadiar Marcani Ca.

Los Angeles, 7501 Sunset Blvd.
New York International Div., 13 East 4018 St.

Houston, 2700 Palk Avenuve
New York, 51 East 42nd Street
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BENDIX-PACIFIC

MINIATURE ELECTRIC MOTORS ‘!

1  TIME-TESTED DESIGN Part 452008. More than 100,000
Bendix-Pacific LM-108 Geneva-Loc rotary electric actu-
ators have been in use over the past 10 years. Split series
24 V-D.C. or 110 V-A.C. Rated at 2.5 oz. inches inter-
mittent duty to 160° F. Weight 13 oz. Reversible and
unirotational with or without integral filter.

2 VERSATILE, SMALL DESIGN Part 1007690. Used in Bendix-Pacific LM-128
Square-Motor rotary electric actuator. Split series, 24 V-D.C. Size: 1 inch
square by 2 inches long. Rated at 4 oz. inches torque, intermittent duty to
165° F. Can operate satisfactorily up to 300° F. Weight: 6 oz. Reversible or
unirotational. Motor designed to AN-M-40 and MIL-E-5272. Can also be
obtained with magnetic brake. If motor desired with brake order part 1005940,

3 TEMPERATURE COMPENSATED Part 406046. Used on Bendix-Pacific Position
Light Flasher. Shunt field 24 V-D.C. Rated at 1 oz. inch. Continuous duty up
to 160° F. Weight: 13 oz. Unirotational. This motor incorporates thermistors
in the field to compensate for temperature effect on motor speed.

Modifications to the above assemblies can be made
fo fit your specific requirements.

PACIFIC DIVISION « Bendix Aviation Corporation
117600 Sherman Way, North Hollywood, California

East Coast Office: Export Division: Bendix Internaticnal Canadian Distributors:
475 5th Ave., N.Y, 17 205 E. 42nd St., N.Y. 17 Aviation Electric, Lid,, Montreal 9

ELECTRONICS — November, 1954 Want more information? Use post card on last page. 83



You can save with

Monel=-backed contacts

84

A
INCO

—_—

TRADE M ARK

Save time and money, too.

Here’s why...

If you use contacts like these, chances are
that you can save by buying them with
Monel-backing. To start with, the manu-
facturer can usually produce them for
just about the same price as steel-backed.
He saves plating steps, bonds the Monel-
backing to the contact face material more
easily.

Then, in turn, you can save both time
and money in your production. That’s
because Monel-backed contacts are easier
to work with. You can attach them to the
contact supports by projection welding
quicker; and with no fear that damage
to the backing surface will result in rust-
ing later.

You also get a big plus in customer
satisfaction. With corrosion-resisting,

solid Monel for the contact backing, he
has nothing to fear from scaling rust or
formation of corrosion products.

Other Inco Nickel Alloys solve special
contact problems, too. Inconel, for ex-
ample, is excellent for contact springs
that must combine good spring proper-
ties at high temperatures, corrosion re-
sistance, and weldability.

Several companies produce Monel-
backed and other Inco Nickel Alloy
electrical contacts. They supply various
contact face materials with them. For in-
formation, write to Mr. Harold Thomp-
son, The International Nickel Company,
Inc. Mention the contact metal you will
use with the Monel-backing.

The INTERNATIONAL NICKEL COMPANY, Inc.

67 Wall Street

New York 5, N. Y.

Nickel Alloys

Monel® ¢ “R”® Monel ¢ “K”® Monel ¢+ “KR"® Monel
“S"® Monel * Inconel® ¢ Inconel “X"® ¢ Inconel “W”®
Incoloy® ¢ Nimonic® Alloys ¢ Nickel ¢ Low Carbon Nickel ¢ Duranickel®

Want more information? Use post card on last page.
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Special 136 conductor cable

carefully engineered by Rome for use with
IBM electric accounting machines, Types 402 and 403; IBM
Reproducing Punch, Type 514; IBM Summary Punch, Type 523;
and IBM Accumulating Reproducer, Type 528.

Carefully engineered wires
and cables help keep IBM
equipment “‘on the beam”’

Equipment manufactured by International Business
Machines Corporation has established a record for ac-
curacy and service that's hard to beat.
Much of the reason for this record is the fact that IBM
uses only the finest components in their equipment.
This is one of the reasons IBM often comes to Rome
Cable for top quality, specially engineered wires and
cables. One of these is the 136 conductor cable (pictured
top center) which is used in several IBM machines.
Others are various types of hook-up wire, a few of
which are shown on the multiple spool rack (top left).
Millions of feet of this Rome hook-up wire, manufactured
to exacting specifications, are used by IBM every year.
In addition to the constructions shown, Rome manu-
factures a wide range of military and commercial type
hook-up wires, intercommunication cables, coaxial ca-
bles, R. F. transmission line, television camera cables
and other special constructions, engineered to the ap-
plication involved,

l

Commercial type
HOOK-UP WIRES

=Tl

Rome offers commercial hook-up wires
with three standard insulations.

Rome Hi-Temp o rubber insulation
with exceptionally high resistance to
heat. Underwriters” approved for 75° C.

Rome Synthinol -a polyvinyl chlo-
ride thermoplastic compound, highly re-
sistant to acids, oils, alkalies, moisture
and flame. Underwriters’ approved for
80° C.

Rome Synthinol 901 offers all the
advantages of Synthinol plus higher re-
sistance to heat deformation, shrinkage
and cracking, also improved solderabil-
ity. Underwriters’ approved up to 105° C.

MILITARY HOOK-UP WIRES

Rome manufactures military type SRIR,
SRHV and WL, complying with Army-
Navy Joint Specification JAN-C.76, as
well as shipboard types SRI and SRIB
conforming to Specification MIL-C-915. In-
sulated with Rome Synthinol, these wires
are made in a complete range of speci-
fication sizes.

ROME CABLE CORPORATION, Dept. EL-11, Rome, N. Y
Please send me the Rome Cable Hook-up Wire Bulletin

TR-S.

ROME CABLE

j !‘ ! % NAME oo e crrtit s s e B emane b st sa e ens s nna e
(CIETERTIII o i R S e IR e
ROME - NEW YORK
aud (ACEIEED e e T e e ——
TOLEEANCE - CALIEORNTA Cgp e Zone ... State ...........

Want more information? Use post card on last page.

ELECTRONICS — November, 1954

85



ﬁu’%
&8

F.M. DEVIATION pirectLY MEASURED

THE BESSEL ZERO or ‘‘ Disappearing Carrier ” method of measuring deviation

requires complex monitoring equipment, an accurately known modulation U R
frequency, and, finally, mathematical interpretation of results.
With the compact and easy-to-use Marconi Deviation Meter, the modulation

frequency need not be known and deviation is directly read on a meter scale.

F.M. DEVIATION METER TYPE TF 934

Carrier Frequency Range: 2.5 to 200 megacycles.
R.F. Input Level : 55 millivolts to 10 volts.
Deviation Measurement Ranges: o to +5 kc, o to +25 kc and o to +75 kc.
Accuracy of Deviation Measurement: +39%, from full-scale to half-scale up to 12 kc and
6% up to 15 kc.

Modulation Index 1.3

Full data and prices of any of the items listed below will be mailed immediately on request:

F.M. DEVIATION METER TF 934 . UNIVERSAL BRIDGE TF 868
FM/AM SIGNAL GENERATOR TF 995A - STANDARD SIGNAL GENERATOR TF 867

Also
VACUUM TUBE VOLTMETERS - FREQUENCY STANDARDS - OQUTPUT METERS Modulation Index 2.4
WAVEMETERS - WAVE ANALYSERS - Q METERS - BEAT FREQUENCY OSCILLATORS The Carrier “Disappears”

BESSEL ZERO METHOD

MARCONI iNsTRUMENTS

23-.25 BEAVER STREET - NEW YORK 4

CANADA : CANADIAN MARCONI CO., MARCON! BUILDING, 2442 TRENTON AVENUE, MONTREAL
ENGLAND: Head Office: MARCONI INSTRUMENTS LIMITED, ST. ALBANS, HERTFORDSHIRE
MARCONI'S WIRELESS TELEGRAPH COMPANY LIMITED, MARCONI HOUSE, STRAND, LONDON, W.C.2
TCay

Munaging Agents ‘in Export:

86 Want more information? Use post card on last page. November, 1954 — ELECTRONICS
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Uac-Tite* Glass-to-Metal seal guarantees

n HS 2, HS 6 connectors.

Tcugh on problems often dictate use of HS 2 (AN 3102)

receptaclesN t AN 3106) plugs. Superior performance is
>

wanted and supripr*gerformance you'll get with Hermetic:

\
1

’ B Vacuum tight (Mass spectrometer proven)

IN THE “SQUEEZE'PLAY” OF B Arc-resistance of glass
B High-temperature operation
HEAT & PRESSURE— B Corrosion resistance
B 1009 moisture and pressure resistant
HERMETIC,S A-N CONNECTORS B Shock and vibration proof
B Equivalent to MIL-C-5015
WON'T LEAK! In addition to our standard line of HS 2 and HS 6 con-

mectors, special units with particular plating requirements, varied
Range style, and extra-high pressure resistance, etc., are being de-
<igned and manufactured to meet the most specialized needs.

Let us serve you . . . Write for drawings, engineering data and
Hermetic's new catalog.

*¥ac-Tite is HERMETIC’S new, vacuum-proof, compres-
sion-construction, glass-to-metal seal.

(1) |

HERMETIC SEAL PRODUCTS CO.
31 South Sixth St., Newark 7, New Jersey

In standard A-N sizes and pin layouts

ELECTRONICS — November, 1954 Wont mere information? Use post card on last page. 87



FASTER, EASIER
ASSEMBLY and
INSPECTION

Boost production...save on lifetime trouble-free

use...with a Bausch & Lomb Stereomicroscope

SHOCKPROOF... for lifetime dependability

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

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

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

clamps at the top, gibs at the bottom.

DUSTPROOF. . . for bright, detailed images
Even on production lines, you get “laboratory clean”
images. Patented Neoprene ring inside prism housing

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

of the reasons why B&L Stereomicroscopes are dustproof

for life,

BAUS CH é- LOMB WRITE for Catalog D-15 and demon-

stration. Bausch & Lomb Optical Co.,
SINCE 1853 61435 St. Paul Street, ROCheSter 2, N. Y.

STEREOMICROSCOPES

88 Want more information? Usc post card on last page. November, 1954 — ELECTRONICS
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Y-26546 Y-26547 Y-26548 Y-26549 Y-33172 Y-33173 Y-33174 Y-33175

Y-33177 Y-33178

High strength

Alumina ceramic

g Y-33171

Superior «2
electrical properties wr

at high frequencies

Excellent
solder characteristics

Will not deteriorate . " g’

with time Y25707  Y-26541  Y-26542 Y.26543 Y.26544 Y.26545

(O

Withstand extreme
temperature variations
The standard terminals shown here are in stock for im-
Metal permanenfly bonded mediate shipment. Bulletin No. 5410, sent on request, gives
. complete data. If you cannot use one of our many stand
to ceramic ards, special sizes or types can be custom made to your
drawing. (Delivery on specials will take longer, of course))

Reduce “leaker” troubles Send sample or sketch for price and delivery information.

53RD YEAR OF CERAMIC LEADERSHIP

AMERICAN LAVA CORPORATION .. . i o

CHATTANOOGA 5, TENNESSEE

Branch offices in these cities (see your local telephone directory): Cambridge, Mass. ¢ Chicago, Ill. « Cleveland, Ohio * Dallas-Houston, Texas * Indianapolis,
Inc. ¢ Llos Angeles, Calif. * Newark, N. J. ¢ Philadelphia-Pittsburgh, Pa. * St. Louis, Mo. * South San Francisco, Calif. * Syracuse, N. Y. ¢ Tylsa, Okla.
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MODEL 750
MODEL voLTS CURRENT REGULATION RiPPLE
750 0-600 0-750 Ma. 0.5% 10 Mv.
760 0-600 0-1.5 Amp. 0.5% 10 Mv,
770 0-600 | 0-2.25 Amp. 0.5% 10 Mv.
780 0-600 0-3 Amp. 0.5% 10 Mv,

DC POWER SUPPLY SPECIFICATIONS

KEPCO Voltage Regulated Power Supplies are
conservatively rated. The regulation specified for
each unit is available under all line and load
conditions within the range of the instrument.

REGULATION: As shown in table for both line
fluctuations from 105-125 volts and load varia-
tions from minimum to maximum current.
*REGULATION FOR BIAS SUPPLIES: 10 milli-
volts for line 105-125 volts. 2% for load at 150
volts.

1Al AC Voltages are unregulated.

MANUFALTURERS OF ELFCTROM DQINPMENT + RESEARCN » DEWELDVPMENT

KERCO

LABORATORIES

131-38 SANFORD AVENUE = FUSHING 55, N, Y. = INDEPENDENCE 1-7000

KEPCO
VOLTAGE REGULATED

POWER SUPPLIES

REGU- 63Vt
vouTs CURRENT  [LATION | RIPPLE | AC.CT. | MODEL
01500 0200 Mo | 0.5% | 20 Mv.| 1520
0-1200 520 Ma, | 0.1% | 10Mv. |10 Amp.| 1220
701000 0500 Ma. | 0.5% | 20 .| 1350
2001000 | 0-500 Mo. | 0.5% | 20 Mv.] | 1250
01000 0-50Ma. [ 0.1% | 10Mv.| 10 Amp| 1020
0600 0-3Amp. | 0.5% | 10 Mv. 780
0-600 0-2.25 Amp. | 0.5% | 10 Mv. 770
0-600 0-1.5 Amp. | 0.5% | 10 Mv. 760
0-600 0750 Ma. | 0.5% | 10Mv. 750
0-600 0-300 Ma. | 0.5% | 10 Mv. |10 Amp.
0-150 Bios | 0-5 Ma. o osme| | 618
0-600 0-300 Ma. | 0.5% | 10 Mv.| 10 Amp.| 500R
#1 0-600 | 0-200 Ma. | 0.5% | SMv.|10Amp|
#2 0600 | 0-200Ma. | 05°% | S5Mv.|10Amp.| 890
"0-600 0-200 Ma. | 0.5% | 5Mv.[10 Amp
0150 Bias | 0-5 Ma. ™ 815
71 200500| 0-200Ma. [ 03% | SMv.[ 6Amp . o
#2200-500| 0-200 Ma. | 0.5% | SMv.| 6amp.| >'0
200-500 0-200Ma._ | 05% | 5Mv.| 6Amp| 245
0-400 0-150 Ma. | 0.5% | 5 Mv.|10 Amp
0-400 0-150 Ma. [ 0.5% | 5Mv.|10Amp.| 2400
0-150 Bias | 0-5 Ma. __j 5 My,
0-400 0-150 Mo, | 0.5% | 5Mv.|10Amp| .
0-150 0-5 Ma. s 400
0-400 0150 Ma. [0.5% | 5Mv.[10Amp.| 141
"100-400 0-150Mo. [ 0.01%| 1 Mv.[10 Amp.| 2000
0-350 0-3Amp. | 0.5% | 10Mv. 730
0-350 0-225 Amp. [05% | Tomv.| [ 720
0-350 0-1.5 Amp. | 0.5% | 10 Mv. 710
0-350 0-750 Ma. | 0.5% | 10Mv. | | 700
100-325 0-150 Ma. | 0.5% | 5 Mv. |10 Amp
0-150 Bios | 0-5 Ma. ™ 131
0-300 0-150 Ma. [ 0.59% | S5Mv.|{ 5Amp.
0150 Bigs | 0-5 Ma. < smw. 315
0-150 0-50 Ma. | 05% | SMv. 150
330 030 Amp. [05% | 0.1% | 3030
113 0-10 Amp. | 0.5%, | 10 My. 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 DEPY. No.789

Want more information? Use post card on last page,
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- 1S A FACTOR

— GAsasF CARBONYL IRON POWDERS

THE K-TRAN—made by Automatic Manufacturing Corporation
—measures only 34" across. Yet it is available in RF and IF trans-
formers covering {requency ranges {rom 20 KC to 30 MC and
higher! For its size, it covers the widest range of uses in the IF
field—and with unsurpassed stabilities. . . . As indicated, the
makers credit K-TRAN’s success, in large measure, to the con-
trolled uniformity of G A & F Carbonyl Iron Powders.

Today there are ten types of iron powders made by the Carbonyl
{ron Process—with the particle sizes ranging from 3 to 20 microns
in diameter. The iron content of some types is as high as 99.6
to 99.9%.

With quite different chemical and physical characteristics, the
ten types lend themselves to many different uses—to increase Q
values, to vary coil inductances, to reduce the size of

From Research to Redlity

ELECTRONICS — November, 1954

oy ou
l‘-- 435 HUDSON STREET « NEW YORK 14, N. Y.

coils, to confine stray fields and to increase transformer coupling
tactors. The Carbonyl Process assures the quality and uniform-
ity of each type.

We urge you to ask your core maker, your coil winder, your in-
dustrial designer, how G A & F Carbonyl Iron Powders can in-
crease the efficiency and performance of the equipment or
product you make, while reducing both the cost and the weight.
We also invite inquiries for powders whose performance char-
acteristics are different from those exhibited by any of our
existing types.

This 32-page book offers you the most comprehensive
treatment yet given to the characteristics and applications of
G A & F Carbonyl Iron Powders. 80% of the story is told with
photomicrographs, diagrams, performance charts and tables,

For your copy—without obligation—kindly address Depart-
ment 1.

IVt 79 ANTARA: CHEMICALS

A SALES DIVISION OF GENERAL ANILINE & FILM CORPORATION

Want more information? Use post card on last page. 9]
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Can This Unique Material Help You?
Check These Properties . . .

‘dag’ Colloidal Graphite
Chemically inactive, non-fusible, gray-to-black solid.
Electrically conductive, diamagnetic, electrophoretic.
Low in photoelectric sensitivity, resistant to electron bombardment.
Forms tenacious dry film which is opaque, conducts heat, adsorbs gas, and has
low coefficient of friction,

In Vacuum Tubes—*Aquadag’, a dispersion of colloidal graphite in water, applied to
grids and plates minimizes secondary emission, “back” emission, and photoelectric
effects.

In CRTs—A dispersion of colloidal graphite in distilled water applied to inside walls

retards secondary emission, adsorbs gases, and serves as an electrical conductor. And
another dispersion, in lacquer, will opaque exterior walls.

In Light-Sensitive Cells—Colloidal graphite does not react with selenium to form
selenides; therefore, it is used as an electrode material in photo tubes.

In Other Applications—As a conductive coating on piezo-electric crystals, on high-
voltage coils, on suspension-type insulators. .. generally wherever a conductive lubri-
cant is required.

Write today for more detailed information. Ask for Bulletin No. 433-L2.

Dispersions of molybdenum disulfide We are also equipped to do custom dispers-
are available in various carriers. ing of solids in a wide variety of vehicles.

DISPERSIO! .. 2lso ACHESON COLLOIDS LIMITED, LONDON, ENGLAND =

dag Acheson Colloids Company, portsuron, wics

g dag. winbondsd oy s fou pevmnst it Bubieation
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These coils saved winding costs

Each of these coils represents a sizable saving on coil wind-
ing costs because it was wound on Universal Coil Winders.

There are Universal machines for a broad range of coil
specifications and production requirements — long or short
runs. Users report increased output, a higher degree of ac-
curacy, and greater operator satisfaction.

The coupon will bring you information on the complete line
— plus any specific data you wish regarding your particular

coil winding requirements.

Also: be sure to visit the Universal Demonstration Room
nearest you — in Cranston, R. I. or Chicago, Ill. You’ll see
winders in operation and have a chance to talk over your coil
winding problems with a Universal sales engineer.

To arrange for a visit to the Demonstration Room, write to
UNIVERSAL WINDING COMPANY, P. O. Box 1605,
Providence 1, R. 1., or 9 South Clinton St., Chicago, Ill.

—__—i‘:{—_———__—_——_-—_———- ____________ —— = ="

UNIVERSAL WINDING COMPANY

P. 0. BOX 1605, PROVIDENCE 1, RHODE ISLAND
Please send me
D Condensed Catalog of Universal Winders

D Information on Universal Winders for coil types that meet my particular needs. I enclose
specifications and production requirements.

FOR WINDING COILS

IN QUANTITY ... ACCURATELY NOMeE. ot ie i ir et e endeeeesoscinsevensenes A o 3 Titleo o iveiimn i eaeses
...AUTOMATICALLY...USE ComPaNy . v vvvverenoeanenns rhoae ¢+ o easioaeks o ¢ ¢ & aeasnaiacacss + 5 - - acaaclhs ¢ ¢ ¢ saueaan ¢

UNIVERSAL WINDING MACHINES cit
Y e enenion . T Zone....State...coiieunes [P .

ELECTRONICS — November, 1954
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UWeire-Weap Conmeclions
SAVE TIME—CUT COSTS

They’re done in half the time. New power tool
wraps wire around a terminal to make a permanent
electrical connection without soldering. Eliminates
costly hand wrapping and cuts material costs, too.
Easy to handle.. . tool is lightweight, nonfatiguing.

SOLDERLESS OR WRAP-AND-SOLDER

Use of the Keller “Wire-Wrap” Tool with recommended terminal
and wire size provides a permanent solderless connection that
retains low-resistance contact under severe conditions of corrosion,
vibration and aging.

When other than recommended terminals are used, the Keller
“Wire-Wrap” Tool saves time on wrap-and-solder connections. Bulletin
No. 11 gives complete information—send for a copy.

/4

Mob e
KeLLEr (Uine-(ap Toours

WE'W wawn KELLER TOOL COMPANY, 1335 Fultan Streef, Grand Haven, Mich.

Want more information? Use post card on last page. November, 1954 — ELECTRONICS
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ONE IN A SERIES: discussing the importance of selecting the proper permanent magnel fo v

Why SOUND, FUNCTIONAL MAGNET DESIGN

guarantees superior product performance

Magnets must be “tailored” to your
product . . . tailored in size, shape, and the mate-
rial used ... if greatest efficiency, at the lowest
possible cost, is to be expected.

The magnet assemblies shown above are typ-
ical of such “tailoring.” Those used in test meters,
for example, are designed specifically to maintain
a magnetic field of uniform high energy, so neces-
sary to the precise operation of such meters.

Others—for holding applications—are de-
signed so that their magnetic circuits provide the

THE INDIANA STEEL PRODUCTS COMPANY
Valparaiso, Indiana

World’s Largest Manufacturer
of Permanent Magnets

INDIANA
PERMANENT
MAGNETS

greatest possible tractive power. In applications
where the magnet acts on moving parts of an
assembly, still different designs may be required.

Our engineers—specialists in permanent mag-
net design and application—welcome the oppor-
tunity to assist you with your designs. For their
recommendations—without cost or obligation—
write us today. Or return the coupon below for
a free copy of the helpful article, “Selecting
the Proper Permanent Magnet Material for Your
Product.”

The Indiana Steel Products Co., Dept. 11A
Valparaiso, Indiana

Magnet Material for Your Product.”
Name Title

Please scnd me a free copy of *“Selecting the Proper Permanent

Company

Street

T

Want more information? Use post card on last page.

e in your product
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Air-operated dispensers prove

How does Franklin Electric Co., Bluffton,
Indiana, get maximum operating speed and
efficiency from their air-operated dispensers
for pressure-sensitive paper tapes? By using
nothingbut “Scotch” Brand Electrical Tapes.

Our quality-control checks on “‘Scotch”
Electrical Tapes insure consistent perform-
ance. Tape tensile strength is carefully regu-
lated to prevent snapping by speedy dis-
penser mechanisms. Tape adhesive strength
is controlled for easy unwind, sticking tight

“SCOTCH” Brand tapes can take

and holding tight under specified conditions.

Our field engineer in your area is ready to
help you choose the right “Scotch” Electrical
Tape and the right dispenser for your needs.
He’ll show you how to speed up your produc-
tion, cut your costs by modifying present
tape applicating methods—or by putting
tape to work where tape has never been
used before.

Call or write. There’s no charge or obliga-
tion, of course.

it!

“SCOTCH" Electrical Tapes

The term ““Scotch” and the plaid design are registered trademarks for the more than 300 pressure-sensitive adhesive tapes made in U.S.A. by Minnesota ##5%
Mining and Mfg. Co., St. Paul 6, Minn.—also makers of “Scotch” Brand Magnetic Tape, “‘Underseal” Rubberized Coating, “‘Scotchlite’”
Reflective Sheeting, “Safety-Walk’ Nen-slip Surfacing, “*3M" Abrasives, “3M" Adhesives. General Export: 122 E. 42nd St., New York 17, N.Y. In

Canada: London, Ont., Can.

November, 1954 — ELECTRONICS
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The BEST ONES are Made by < ¢-A-CO

“Doughnuts” in a most complete variety of sizes and types ... made
to MIL-T 27 specifications. CAC’s advanced engineering provides char-
acteristics and performance for every need. This same engineering has
made CAC the largest exclusive producers of Toroids in the country

today.

LIST OF REPRESENTATIVES

BALTIMORE—Charles R. Hile
Boulevard 1202)

(L. G. Korman) 5006 Kenwood, Baltimore 6, Md.

CHICAGO—Gassner & Clark Co.
Rogers Park 4.6121

6349 N. Clark, Chicago, Il
CLEVELAND—Ernie Kohler Associates
Olympic 1-1242

8905 Lake Ave., Cleveland 2, Ohio
HAMBURG—Cooper-Morgan, Inc,
Emerson 3405

P. O. Box 152, Hamburg, N. Y.
KANSAS CITY—E. W. McGrade Co.
Delmar 9242

6315 Brookside Plaza, Kansas City, Mo.
LOS ANGELES—Samuel O. Jewett
State 9-6027

13537 Addison St., Sherman QOaks, Calif.

ELECTRONICS — November, 1954

MERIDEN—Henry Lavin Associates
7-4555
(Henry Lavin) P. O. Box 196, Meriden, Conn.

NEEDHAM—Henry Lavin Associates
3-3446

(Robert V. Curtin) 82 Curve St., Needham, Mass.

NEW YORK—Harold Gray Associates
Lackawanna 4-4258
286 Fifth Avenue, New York City, N. Y.

PHILADELPHIA—Charles R. Hile Co.
Elgin 6-2266
Hillview Road, Box 144, Paoli, Pa.

SYRACUSE—Naylor Electric Co.
2-3894

State Tower Bldg., Room 317, Syracuse 2, N. Y.

Want more information? Use post card on last page.
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FILTERS
SUB-MINIATURE
PULSE TRANSFORMERS
PLASTIC MOLDED

MAGNETIC
AMPLIFIERS

HERMETICALLY
SEALED

DELAY LINES

Ad 4-11.1.10
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Polyester
Glass Fibre

Insulating Sheet - INsUROK’

XT-200

® If you are looking for an insulating laminate that combines
excellent electrical properties with good structural strength, con-
sider this new Richardson laminate. INSUROK XT-200 is an
excellent material for pole insulators, cable holders and switches,
where arc resistance is important, as well as for motor-generators,
iransformers, switchgear, electroplating equipment, and various
kinde of electrical and electronic heating devices. Moreover,
INSUROK XT-200 has very satisfactory fabricating qualities.
It is available in sheets 34” x 34”, in thicknesses of 14¢”s 18", and
14”. The Richardson Company will be glad to supply further
information and samples.

Send for Data Sheet XT-200

ke RICHARDSON COMPANY

FOUNDED 1858
2797 Lake Street, Nllelrose Park, Nlinois (Chicago District)

MELROSE PARK, INDIANAPOLIS, NEW BRUNSWICK, NEWNAN, OGDEN, TYLER,
ILL. IND. N.J. GA. UTAH TEXAS

98 Want more information? Use post card on last page. November, 1954 — ELECTRONICS
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... another “

FIRST BY, FANSTEEL”

Fansfeel announces an enfjrelvm.nev@a
AL - | Selenium ?ecﬁfi_%er: EI %
} ’_ : ‘ Able to opcx;:atc at 100°C (212°F) and
- deliver full rated power output,
2‘20 - :\“ “o
FAHRENHEi CENTIGRADE

continuously, with no derating whalever.

Able to operate at ambient temperatures
up to 150°C (302°F) with only

moderate derating.

Available in all standard cell sizes and
N all standard circuit arrangements.
‘ a\g ‘ Available with all standard protective
:'1'- 1

finishes— moisture resistant, salt-spray
resistant, fungus resistant.
[©y

i — —_
%
G

Now in production for specialized

[

applications. Tell us your problems and

we will make recommendations.

S 30
: LR 3 YEARS
FANSTEEL METALLURGICAL CORPORATION NORTH CHICAGO, ILLINOIS, U.S.A. 3 of
= " £z DEPENDABLE
! ¥ RECTIFIERS
\/ y TAY
ELECTRONICS — November, 1954 Want more information? Use post card on last page.
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CRUCIBLE z P\ERMANENT MAGNETS
PO\

/Kﬁ(',

provide maximum energy . .. minimum weight

No matter what your permanent magnet application may be — gal-
vanometer, speedometer, television or telephone — you’ll find that
Crucible alnico magnets have a consistently higher energy product.
This means more energy from a smaller magnet.

Since alnico alloys were first developed, Crucible has been a
leading producer of this superior type of permanent magnet. And
Crucible alnico permanent magnets are made by the nation’s fore-
most specialty steelmaker.

For alnico magnets that are unsurpassed in quality — call Crucible.

‘ I n " c l B l \ first name in special purpose steels

54 gerss of Fime, strotieakig  ALNICO PERMANENT MAGNETS

CRUCIBLE STEEL COMPANY OF AMERICA, GENERAL SALES OFFICES, OLIVER BUILDING, PITTSBURGH, PA.

REX HIGH SPEED -+ TOOL - REZISTAL STAINLESS - ALLOY + MAX-EL - SPECIAL PURPOSE STEELS

100 Want more information? Use pest card on last page. November, 1954 — ELECTRONICS
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GOODMANS

—provides a stabilized 10-10,000 ¢/s supply

A vibration generator depends for its accuracy largely upon the suitability of
its driving equipment. Goodmans have now produced a self-contained drive
unit consisting of oscillator, amplifier and power pack. Although primarily
intended for use with Goodmans Model V.47 shaker, it will also find wide
application in the laboratory and in industrial processes where a high quality
source of audio frequency is required. A brief specification of this latest Good-
mans product is given below, and full circuitry details are available on request
to "“Vibration Dept. W”".

FOR USE WITH

THE GOODMANS Brief Specification

SHAKER Frequency range—10-10,000 ¢/s. in 3 ranges.
Power output—5 watts into 3 ohms,
MODEL V.47 Output Level Stability—=0.05 db 10-10,000 c/s.

Distortion—Iless than 0.2%.

Hum level—72 db down on 5 watts

Power supply—1G0/115 v, 200/225 v, 225/250 v, 50-60 c/s. 75
watts.

Weight—45 1b.

Dimensions—16% in. x 13 in. x 11 in.

—— V.Y | N o | N 610 7U] J0 ]\ [Ruemmmm—

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

or where small
scale vibration
testing is
involved.

GOODMANS INDUSTRIES LTD.

AXIOM WORKS ¢ WEMBLEY ¢ MIDDX.
Cables: GOODAXIOM, WEMBLEY, MIDDX.

Please mail me your catalogue and technical data shects in conncction
with your PERMANENT MAGNET Shakers.

NAME s

Want sore information? Use post card on last page. 101
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Note supporting

NOW . . . FIBERGLAS flus SILICONE RUBBER Fiberglas braid

RUBBER

ot /5

MEETS MILITARY SPECIFICATION NO. MIL-1-15087

*BH Non-Fraying Fiberglas Sleevings are made by an exclusive Bentley, Harris process ' U. S. Pat. No. 2393530).

102

.« . for longer electrical equipment life

BH "1151” is a new electrical sleeving
that provides the unique combination
of permanent flexibility and high dielec-
tric strength at Class “H” temperatures.
It offers a long-lasting union of two
great inorganic materials — Fiberglas
and Silicone Rubber.

BH "1151” shows no change in physical
or dielectric propertics after 15 minutes
at 600°F.; 4 hours at SO0°F.; or 96
hours at 450°F. It is applicable for
continuous operation through a tem-
perature range of =90 F. to 400°F.

BH "1151” can be twisted, knotted or
bent without crazing, cracking, or loss
of dielectric strength. Available in rated

grades up to 7,000 volts. Electrical

resistance is unusually high. It will not
support fungus growth. Offers excellent
chemical resistance. Meets all applicable
NEMA specifications for Class H

insulations.

BH “1151” is available in colors, for
circuit tracing and coding, in continuous
coils, 36 inch lengths, or in short lengths
cut to individual specifications. It is made
in Grades H-A-1, H-B-1, H-C-1 and
H-C-2. Ger all the facts on this superior
electrical insulation — write for data

sheets today.

Bentley, Harris Manufacturing Co.
1311 Barclay St.
Conshohocken, Pa.

Want more information? Use post card on last page.

“‘Fiberglas’ is Reg. TM of Owens-Corning Fiberglas Corp.
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can be obtained

with standard items

from /@L‘cxy |

FOR ECONOMY IN DESIGN...CHOOSE KETAY
... the complete line of synchros, servo motors, and resolvers.

SYNCHROS: From Size 10 to Size 37. There are units for every

purpose including dual synchras as a control transmitter or a
control transformer. Transolvers*—special purpose devices

for use in converting 3-phase data into 2-phase data.

——y

N
= Bt s " SERVO MOTORS: Ketay offers 400 and 60 cycle Servo Motors.
i High torque to inertia servos are available as small as a penny

and up to Size 23. Torques of 0.1 in.-oz. to 7.5 in.-0z.

" oyl 7 : A ‘:'§;. E e RESOLVERS: Another highly developed Ketay specialty,
i PE 108R2E e Ketay offers resolvers for all applications . .. from Coarse *+0.2% to
i i L Precision =0.05%. For use in computers, radar sweep

: circuits, phase shifters, and accurate transmission systems.

. & . . . . .
s Ketay also manufactures a wide selection of aircraft, missile,
2 f@;f_& marine, and ordnance instruments; and control systems.

S0% 5
. i

A b e
% § oBY o '-'%%Kétay has pioneered in the design of rotating precision
v ents. For example, as design agent for Frankford
iR ‘Arsenal and the Bureau of Ordnance, Ketay designed the
ize 15, 16, 18, 19, 23, 31, and 37 synchros. The services
.ftﬁe%Research and Development Division are available to you!

St
o ' . Resolver Amplifiers
‘ 3 Lt r Standard Magnetic Amplifiers
S n® Include: : Gears and Gear Trains -7
SERVO MOT0 ~ Airborne Instruments :
e 2 QP

= —= _J
) \

/ : -

i

. o
SERVO MOTOR SERTIE
TwQ Prase CONTROL
\ TYPE K-302380 USE COUPON FOR COMPLETE INFORMATION ON
we, 130k,
TAY WG €ONP, WEW YOR W KETAY PRODUCTS |

- 9
= -
€ase enc e DUie 0 0 - 0

L a / .
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Alert manufacturers of electronic products get greater results

from advertising dollars by getting their product stories told

directly to the purchasing influences of the industry in the sales
pages of . ..

12 issves of electronics

where 35,000 subscribers read the editorial pages and re-read
them for the very latest developments in product design, cir-
cuitry, production techniques and other information vital to
their work.

PLUS

The men who design
The men who specify

The men who buy

These important purchasing influences of the electronic industry have, throughout the years,

grown accustomed to using the ELECTRONICS BUYERS’ GUIDE as their sole product reference

source . . . for fourteen years they have relied on the “Guide” for its complete, accurate and
up-to-date information, serving them year upon year in the exacting manner they require. These
technicians of the industry choose and use the “Guide” as their Breadboard Blue Book . . . that’s

why manufacturers with electronic products to sell get more results from their advertising dollars

by doing a complete year ’round product selling job in 13 issues of ELECTRONICS.

GUIDE| @

BUYERS

P

A MeGraw-Hil Publication 330 West 42nd Street, New York 36




TEST CYCLES

TELEMETERING

AUTOMATIC

conTot WHAT CAN MAGNETIC TAPE RECORDING
_~  bororyou?
.+ .+ ... More than you may think.

Shown above are just some of the present applications

of magnetic tape machines for scientific and industrial testing,
research, computing and control. This rapidly growing

new technique offers you a ‘‘live memory’’ that's more
precise, more versatile and more permanent than any other
recording-reproducing method yet devised. With it, you

can “preserve’’ any phenomena convertible into electrical
signals — vibrations, temperatures, pressures, forces,

motions, numbers or punched holes. Then you can play these
signals back, again and again for perfect restoration of the
original phenomena.

WHY NOT ASK AMPEX?

The advantages of magnetic tape are almost unlimited . . .
frequently providing the only practical answer to complex
problems. As pioneers in magnetic tape recording, we at Ampex
feel especially qualified to evaluate these problems —to
help you determine whether magnetic recording can save you
time, increase your production and improve your standards

of precision. Our application engineers are at your service.
Or, if you simply want more information, ask for our
16-page illustrated bulletin: ‘‘Data Recording, Machine
Control and Process Regulation.” There's no obligation

in either case.

(Zf/te d:gprafxtx'e of erféch‘on in O/nagneﬁc(z‘ja/)e (nlaclrines

Contact your nearestf Ampex represenfafive or write-wire Depf. E-1891
— 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 & Equipment, Dallas and Houston; Canadian
934 CHARTER STREET GCeneralElectric Company, Canada.

REDWOOD CITY, CALIFORNIA

MEDICAL
RESEARCH

YOUR
APPLICATIONS
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Virtually every project in the electronics
manufacturing field involves operations within the
scope of the D. E. Makepeace Company. As spectalists,
Makepeace is able to supply electronic assemblies for
components which meet the most exacting specifications.

WAVEGUIDE TUBING AND MICROWAVE ASSEMBLIES

Long experience in the manufacture of precision drawn
waveguide tubing, enables Makepeace to meet tolerances
much tighter than specified in MIL-T-85-B. This precision is
maintained in the production of components such as rotary
joints, crystal mixers, antenna feeds, and many specialized
assemblies to meet various requirements.

We shall be glad to confer with you on the design and
manufacture of prototypes and production runs. Our excep-
tional testing facilities are at your disposal.

Because Makepeace pioneered in the production of solid
and laminated precious metal slip rings, a range of sizes
and special alloys is available to meet almost any require-
ment for space, weight, electrical noise, torque, or power
handling capability.

In addition to the rings and brushes themselves, Make-
peace has utilized its experience in this field in the design
and manufacture of complete self contained ring and brush
assemblies. The design of such a unit often poses unusual
problems. The Makepeace engineering group having met
many of these problems, can plan and manufacture a unit
to meet your specifications. Before such an assembly is
shipped, it is checked out and completely tested for electri-
COLLECTOR RINGS AND BRUSHES cal noise, voltage breakdown, impedance matching, power
handling tapability, and other test specifications as required.

L L L] * L L L L L L L L L L L o L L] L L L ] L L L L L L L * L L L [ L] L L * L L L] L] L]

electronic assemblies and components by

PRECISION RECTANGULAR WAVEGUIDE TUBING
MICROWAVE COMPONENTS ¢ MICROWAVE
TRANSMISSION ASSEMBLIES o ELECTRICAL CONTACT

MATERIAL » FORMED ELECTRICAL CONTACTS
CROSSBAR WELDED CONTACTS o SLIP RING AND
SLIP RING ASSEMBLIES ¢ BRUSH ASSEMBLIES
PRECIOUS METALS CLAD TO BASE METALS
SHEET—TUBING — WIRE AND ASSEMBLIES
SENDZIMIR PRECISION ROLLING D.', ,E . MAKEPEACE COMPANY
Division of Union Plate and Wire Co.

Attleboro, Mass.
Sales Offices: New York ¢ Chicago  Los Angeles ¢ Columbus
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fits your
oscillographic
recording need?

Sanborn 150" Recording Systems that put to use the original
design concept of amplifier interchangeability (illustrated at the
left) start with either a four-channel or two-channel standard
Basic Assembly, to which the user adds
whatever selection or combination of pre-
amplifiers (A) are needed for his recording
problem. The standard Basic Assemblies
comprise a metal Cabinet, Recorder, and
a built-in Driver Amplifier and Power
Supply (B) for EACH channel. Presently
available Preamplifiers are: AC-DC, Car-
rier, DC Coupling, Servo Monitor, Log-
Audio, and Low Level Chopper.

4-CHANNEL

As a graphic example of the design idea
that has brought new versatility to industrial
recording, a Carrier Preamplifier (A) is
shown above in position to plug into a
Driver Amplifier in framework with Power
Supply (B) which are normally already in
place in the Basic Cabinet Assembly.

The identical design principles of the
four-channel system are provided in the
two-channel, the only difference being the
number of channels.

Advantages common to ALL Sanborn
Recorders are: inkless recording (by
heated stylus) on plastic coated strip
chart paper, and in true rectangular
coordinates . . . high torque galvanometer
movement . . . time and code markers . . .
numerous paper travel speeds.

2-CHANNEL

‘“150°°

COMPLETE FOUR-CHANNEL SYSTEM ‘“150°""

FOR USE WITH ANALOG COMPUTERS

This ‘150" system consists of a Cabinet
Assembly, a four-channel Recorder, and two
dual channel DC Amplifiers. Each amplifier
is complete with a common power supply.
Each measures and records two separate
single-ended signals, at sensitivities between
one and one hundred volts per centimeter.
The two-channel
version of this
system will
comprise Cabinet,
two-channel
Recorder,and
one dual channel
amplifier.

SINGLE-CHANNEL RECORDER

A compact, lightweight unit for use when only
one channel is required — provides permanent,
inklessrecording in frue rectangular co-ordinates:
five paper speeds (5, 10, 25, 50, 100 mm /sec.);
extra stylus for either manual or remote timing
and coding marks. Designed for simple, patch
cord connection to any of the several “150"
preamplifiers (plus driver amplifier and power
supply), avail-
able soon in
portable metal
cases.

Catalog and technical
data on all "150" equip-
Ask, also, for a copy of the

ment available on re-
Right Angle ~— a Sanborn pub-
lication devoted to oscillo-

quest.

graphic recording in industry.

SANBORN COMPANY
Industrial Divition
CAMBRIDGE 39, MASS.
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Why we choose
ULTY DYNAMOTORS

“Precision airborne communication equipment must
have a dynamotor of consistently reliable quality . . .
that’s why we specify Winco.”

says Mr. Paul Wulfsberg,
Ass't. Director Engineering and Research

COLLINS RADIO CO.

Cedar Rapids, lowa.

WINCO DYNAMOTORS are manufactured on
a wide range of rugged frames that allow for
broad design applications. Winco engineers

have a decade of experience in successfully de-
signing dynamotors to rigid military and com-
mercial specifications. They tackle each power
conversion and/or supply problem individually, o anl A
either modifying a standard Winco machine, Collins 185 Transmitter/Receiver,

St : : used for reliable HF communica-
or designing a special unit to meet your exact tions in major air-lines and execu-
requirements. Winco specialists then plan its tive aircraft uses a Winco-Engin-

. . eered Frame 51 Dynamotor.

manufacture on a production basis to keep costs

down and final performance quality at its best.

Winco dynamotors are lightweght, compact and
totally enclosed and ventilated. Precise static
and dynamic balance is assured by the most
modern machines — each dynamotor is thor-
oughly tested with periodically calibrated pre-
cision meters.

SEND THIS COUPON TODAY for complete information on how

supplies produced in volume at low cost.

w H ® for the Nation's Mobile Communications
J"'G@ POWER ' tie Lommunication l To Wincharger Corp., Sioux City 2, lowa.

WINCHARGER
CORPORATION

Send me the facts on Winco Dynamotors
and Power Supplies

|
!
I Company — - =
|

Address —

Winco can supply you with reliable, efficient dynamotors and power msws .—|

Sioux City 2, lowa S 5“’”;;;;;:;6;
Subsidi f ZENITH Radio Corporation I
9] | Gry (o] adio Orp r | L e
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YOU can’t afford to be without the
HATHAWAY $14-C @sciiL6GRAPH

the world’s most complete and versatile OSCILLOGRAPH

for recording electrical quantities, processes,
flight functions, dynamic pressure, strain,
vibration, acceleration, temperature...

Galvanometers are available for current,

voltage, power, covering a most extensive range
of characteristics.

for testing relays Attachments available for almost any re-
cording need —

automatic transient recording
for biological recording wave-shape measurements e
wavea-shape scanning VAN
long records to 100 inches per second
short records to 1,000 inches per second

for testing welding equipment

for analysis of high-speed engines and com-
pressors

PROVE TO YOURSELF THAT THE S14-C IS...

® The Most Versatile # The Easiest to Maintain ® The Easiest to Operate
® The Finest in Craftsmanship

Write for Bulletin No. 2D-1K and your free copy of Hathaway Engineering News

L (W

INSTRUMENT COMPANY

1315 SO. CLARKSON STREET « DENVER 10, COLORADO
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good

By their very nature, printed circuits are extremely
compact. They open up virtually unlimited possibilities
to alert designers concerned with the miniaturization
of electrical and electronic devices. From the simplest
switches to the most complex computers, printed cir-
cuits are proving their versatility and great potential
application.

Complicated manual wiring is replaced by a pattern
of conductors, coils, resistors, and other components
“printed” on a sheet of laminated plastic. Low in cost,
uniform in performance, and free of wiring “‘bugs,”
such assemblies are speedily mass-produced. Labor
costs are drastically cut two ways—far fewer per-
sonnel are needed, and lesser-skilled workers can easily
assemble (and service) complex devices with less
chance of error. Since exact wiring duplication is
achieved, inspection is greatly simplified. Assemblies
grow small in size, overhead is reduced, less floor space
is needed . . . the whole problem takes a big “easy-

i

HERE’S HELP FOR YOU—our new, fact-filled, 12-page bulletin entitled
“Mechanize Your Wiring With Copper-Clad Phenolite.” Contains full
information. and application data on Copper-Clad Phenolite and other
metal and non-metal clads. Write for it today! Address Dept. AF-11.

does-it” step toward complete automation.

National Vulcanized Fibre Co. is a pace-setter in
the development of foil-clad laminates—the basic
materials for most printed circuitry. Copper-Clad
Phenolite—by National—is recognized as the standard
by fabricators everywhere. For Phenolite is a high-
quality base laminate that can be engineered to fit your
conditions. It has the high insulation resistance, low
electrical loss, and low moisture absorption required in
the right base material for printed circuits. It is light
in weight, easily punched and worked, and withstands
effects of the various circuit-printing processes.

No matter which method you use to produce printed
circuits, Phenolite clad laminates are the ideal base
materials. Whether clad with metal foils, or non-me-
tallic materials (such as rubber, vulcanized fibre, etc.)
there is a Phenolite laminate for your particular job.

Ask any of our district offices or Wilmington head-
quarters for details.

Also manufacturers of Vulcanized Fibre,
Vul-Cot Waste Baskets, Peerless Insulation,
Materials Handling Equipment and Textile Bobbins /

NATIONAL

VULCANIZED FIBRE CO.
WILMINGTON 99, DELAWARE

Want more information? Use post card on last page. 111
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D RADIO-TELEPHONE SCHEMES

In more than fifty countries Pye V.H.F. Radio-Tele-
phones are providing an economical and reliable means of instan-
taneous communication between fixed points, between mobile

units, and between fixed points and mobile units. Over two-thirds

of the equipment in use in Great Britain alone has been produced
by Pye. The Pye Systems Department will be pleased to advise
you on your communications schemes whilst Pye agents and

representatives overseas will demonstrate, install and maintain the

equipment.
>
PEE;

Telecommunications

\ OOOOOOOOOOOOQOQOOOOO°°O°°°°.
Pye (New Zealand), Ltd., Pye Canada, Ltd., Pye-Electronic Pty., Ltd., ’ Pye Ireland, Ltd.,
Auckland C.I.,_VNew Zeal_arﬁ. ‘Ajax, Canada. Mel_l_)gurne, Aus_tralia. B _Dublin, Eire.
Pye Radio & Television (Pty.) Ltd., Pye Limited, Pye Limjted, | Pye Limited,
Johannesburg, Plaza de Necaxa 7, Tucuman 829, 5th Ave. Building,
South Africa. | Mexico 5. Buenos Aires. 200 5th Ave., New York.

PYE LIMITED - . CAMBRIDGE : - ENGLAND
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The Tung-Sol 6550 is a brand new and direct ap-
proach to the high power design requirements of high
fidelity audio amplifiers. For outputs up to 100 watts,
two 6550’s in push-pull will provide the same power
now attained in most existing designs by the use of
four or more tubes. In addition to greater audio out-
put, use of the new 6550 results in simplified electrical
balance, reduced maintenance and lower cost. The
Tung-Sol 6550 is not directly interchangeable with
the 6L6, 5881 or KT66 class of tubes. With proper
circuitry, however, the 6550 will provide full power
output with approximately the same grid voltage
drive as the smaller tubes. The 6550 is produced
under laboratory conditions with exhaustive quality
control to assure premium performance and long life.

MECHANICAL DATA

Coated Unipotential Cathode

Outline Drawing
Base
Maximum Diameter
Maximum Overall Length
Maximum Seated Height
Pin Connections

Pin 1—Base Shell

Pin 2—Heater

Pin 3—Plate

Pin 4—Grid No. 2
Mounting Position

ELECTRICAL DATA

Bulb—Short St-16

Large Wafer Octal 8-Pin Mical with Metal Sleeve B8-86

26"

43"

49"

Retma Basing 7S

Pin 5—Grid No. 1
Pin 7—Heater

Pin 8—Cathode and

Grid No. 3

Any

(INTERPRETED ACCORDING TO RETMA
DESIGN CENTER SYSTEM)

DIRECT INTERELECTRODE CAPACITANCES — No Shield

Grid # 1 to Plate
Input
Output

TUNG-SOL

ELECTRON TUBES

0.85 upf
14.0 upt
12.0 puf

4
4
i
&
S
6

BEAM POWER AMPLIFIER

Rugged Construction — The advanced de-
sign features which have made the Tung-Sol 5881
so extremely reliable are embodied in the 6550.

Glass button stem construction is strong and compact and
provides a rugged support for the tube structure.

Micanol wafer and metal shell base provides full lifetime
electrical insulation and greater mechanical strength.

Cathode materials of exceptional stability give more uni-
form emission with greater life expectancy. Cathode is not
poisoned by inactivity during standby periods.

Maximum control of grid emission achieved by gold plating
and carbonizing.

Triple gettering promotes long, gas-free life. Getters are
confined by a spray shield to prevent mica contamination.

Life tests are made under severe overload conditions to
assure adequate safety factor.

ELECTRICAL DATA

RATINGS

Heater Voltage (AC or DC) 6.3 =10% VOLTS
Maximum DC Plate Voltage 600 VOLTS
Maximum Plate Voltage (Triode Connection) 450 VOLTS
Maximum Plate Dissipation (Triode Conneclion) 40 WATTS
Maximum DC .Grid #2 Voltage 400 VOLTS
Maximum Grid # 1 Voitage —300toc 0 YOLTS
Maximum Plate Dissipation 35 WATTS
Moximum Grid # 2 Dissipation 6.0 WATTS
Maximum DC Cothode Current 175 MA.

Maximum Heater-Cothode Voltage
Heater Positive (Peak) (DC not to exceed 100V} 200 VOLTS
Heater Negative (Peak or DC) —300 VOLTS
Moximum Grid # 1 Circuit Resistance (Fixed Bias) 50 KILOHMS

Maximum Grid # 1 Circuit Resistance (Self Bias) 250 KILOHMS

Moximum Bulb Temperature 250 °C
HEATER CHARACTERISTICS

Heater Voltage 6.3 YOLTS

Heater Current 1.8 AMP.

The TUNG-SOL engineering which has produced the 6550 is
constantly at work on a multitude of special electron tube de-
velopments. for industry. Many exceptionally efficient general
and special purpose tubes have resulted. Technical data sheets,
or circvitry suggestions for the 6550 may be obtained by
writing to Tung-Sol Commercial Engineering Department.

TUNG-SOL ELECTRIC INC., NEWARK 4, NEW JERSEY

SALES OFFICES: ATLANTA, CHICAGO, COLUMBUS, CULVER CITY (LOS ANGELES), DALLAS, DENVER, DETROIT, NEWARK, SEATTLE
TUNG-SOL MAKES ALL-GLASS SEALED BEAM LAMPS, MINIATURE LAMPS, SIGNAL FLASHERS, PICTURE

TUBES, RADIO, TV AND

SPECIAL PURPOSE ELECTRON TUBES AND

SEMICONDUCTOR PRODUCTS.
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FILTRON TYPE FA 1391
28 VDC/115 AC
100 AMPS
0.400 CYCLES

HIGH ATTENUATION
CONTINUOUS DUTY

HERMETICALLY SEALED

SCREEN ROOM FILTERS

FILTRON TYPE FA 736
500 VAC/DC
100 AMPS
Frequency Range 1000 to 15,000 MC

= TTTT [ I T T TTTI
ATTENUATION CHARACTERISTICS
OVER 100 DB THROUGH ENTIRE FREQUENCY RANGE FILTRON SCREEN ROOM FILTER FA 13911
MEASURED IN A 50n SYSTEM
PER MIL-STD-220 N
100 KC FREQUENCY 1000 MC

R it s

means

ELECTRONICS — November, 1954

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

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

FILTRON has over 30 types of Screen Room Filters
available, ranging from 1 Amp to 1000 Amps, 28 VDC

G. 5. Marshall Co., Pasadena, Cal.
Roy J. Magnuson, Chicago, lIL.
Massey Associates, Inc., Narbeth, Pa.,

SALES REPRESENTATIVES
Washingen, D. C.

to 500 Voit AC/DC, 0 to 1000 cycles. Complete tech-
nical information available.

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

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

Holliday-Hathaway, Cambridge, Mass., Canaan, Conn.

Sales Offices at: New York, N. Y., Great Neck, N. Y.
Rochester, N. Y., Binghamton, N. Y,
Wood-Ridge, N. J.

An inquiry on your company letterhead will receive prompt attention.

Want more information? Use post card on last page.

e JEHETFIRGIN co., INc. - FLUSHING, LONG ISLAND, NEW YORK
LARGEST EXCLUSIVE MANUFACTURERS OF RF

INTERFERENCE FILTERS
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New Brush 4 and 6-channel Oscillographs &
provide up to 16 chart speeds — from 10" &
per day to 10" per second. This permits §
optimum resolution of a wide range of signals 8
—with economy in chart paper. Chart speed §
can be changed instantaneously —and con- |
trolled remotely if desired.

NEW BRUSH RECORDING SYSTEMS ojfer
you greatest flexibility in measurements

Above: Hew Brush dualchannel D. C. Amplifier Model BL-530 accepts either single ended
or balanced signals, provides a 50 millivolt sensitivity and accurate calibration of the signal
to be recorded.

New Brush Recording Systems
are designed to meéet many mounting require-
ments — standard 19-inch racks, bench-top,
or flecar consoles. New Brush Amplifiers are
lighter, smaller and can be stacked closely
as shown.

Right: New Brush Universal* Amplifier Model BL-520, when used with the appropriate resistive
or inductive transducer, permits measurement and direct recording of physical phenomena:
strain, torgue, force acceleration, velocity, displacement, pressure, temperature, etc. Maximum
sensitivily is equivalent to % microvolt per chart millimeter; or in strain measurements — .25
microinch per inch. The Amplifier includes o medium gain direct-coupled amplifier sectian with
calibrated attenuatar that may be used separately for voltage and current measurements.

Brush Recording Systems have an
*Trade Mark

important place in your research
and production instrumentation.
Write today or call your nearby

representative for complete infor- BRUSH ELECTRONICS

mation. Brush Electronics Co., COMPANY

Sormerly

. 3 INDUSTRIAL AND RESEARCH INSTRUMENTS
Dept. K-114, 3405 Perkms Avenue, PIEZO-ELECTRIC MATERIALS « ACOUSTIC DEVICES ;ﬁ;ﬁ'zf{f::"g’z’;:;a?
Cleveland 14, Ohio. In Canada: MAGNETIC RECORDIRG EQUIPMENT ,.”a“’"ah." wnit of &

A. C. Wickman, Ltd., Toronto. ULTRACHECLEQUIRHERT,

114 Want more information? Use post card on last page. November, 1954 — ELECTRONICS
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"MODEL 630—The *‘‘Smoothie’

streamlining expresses advance design features
such' as selector switch of molded construction,
completely enclosed; elimination of harness
wiring, etc. AND a single control knob for all
34 ranges affording ease of operation and mini-
mum burn out possibilities.

- Price $39.50

Sontnsstiaee of 1

A W

45

MODEL 630A ultra-accurate VOM

" designed for the laboratory where you need that
PLUS in accuracy — mirror scales to eliminate
parallax in making readings; 4% resistors each
mounted in its own insulated compartment;
compensated ohmmeter circuit, resistance ranges
are compensated for greatest accuracy over wide
battery voltage variation. Single selector switch
feature makes for ease of operation and elimi-
nates possibility of burnouts through incorrect
settings.

Price $49.50

Liftg-thres

i

i . : ELECTRICAL INSTRUMENT COMPANY
Bluffton, Ohio

&

=pusol S50 youy neswanol

-
-
)

5
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BLINDED BY TEAR GAS but still shooting, a as Sgt. Friday, stars in this true-to-life series
killer, twice-escaped from prison, staggers out based on actual police cases. With “Badge 714"
of a Los Angeles bungalow into the arms of began a race against time in which millions of dol-
Sergeant Friday and his partner. Jack Webb, lars are involved. Air Express helps NBC win it.




“DRAGNET!”

How the top detective drama of all TV networks
is also seen locally in 152 markets as “Badge 714"

Continuing its highly suceessful run as the leading program on the NBC-TV Network,
“Dragnet” has proved so popular that, in addition, it is being re-run throughout the coun-
try as “Badge T14.” This local syndication schedule is made possible only by Air Express.

KHQ-TV, SPOKANE
—$8.55 less*

PoLICE FILES provide the material that
keeps about 65 million Jack Webb fans
gloed to their TV sets each week. A
large percentage of them see him under
syndicated (locally sponsored) title
“Badge 714.” Schedules to the 152 syn-
dicated markets are rigid. Air Express
gets the film there on time.

P

KXLF-TV, BUTTE
—$4.87 less*

A MADMAN tried to blow up the Los
Angeles City Hall. Jack Webb made it
into his first NBC “Dragnet” show.
Now it’s making history again as
“Badge 714, the hottest syndication
property in the industry. “Air Express
makes our syndicated operations pos-
stble,” says NBC’s Frank Lepore, head
of Film and Kinescope Operations.

WHO-TV, DES MOINES
—$3.47 less*

JAack WEBB INSISTS that sets be built
to duplicate Los Angeles Police Head-
quarters, to the very door knobs! It is
this passion for realism which attracts
audiences for “Badge 714” worth mil-
lions of dollars to sponsors. NBC can’t
afford to have film arrive late, and so
it is shipped regularly by Air Express.

s X .

WLWA-TV, ATLANTA
—29¢ less*

THEY CALL IT “BICYCLING.” Every
week, NBC Film Exchanges in New
York and Hollywood have 4,000 film
or kinescope programs in circulation to
and from stations. This method, called
bicyeling, saves thousands of dollars
in film and shipping costs. It is only
possible by Air Express, with its abili-
ty to pinpoint shipments.

R

FEL-TV, DENVER
—$5.51 less*

FroM Bi1¢ CrTiEs and small towns, peo-
ple write in to ask whether Sgt. Friday
isn’t an actual member of the Los An-
geles Police. Many television stations
are in cities with no airline connec-
tions, but Air Expressconnectsthrough
Railway Express. “Badge 714" filins
get there on schedule, just the same!

KSD-TV, ST. LOUIS
—63¢ less*

HumaN ERROR does occur. One film
arrived in Springfield, Missouri, ad-
dressed to Station WICS. The Air Ex-
press Agent wired NBC, “No WICS
in city. Please advise.” The film was
trans-shipped to Springfield, Illinois
(where there is a2 WICS) and arrived
in time! Alert agents protect against
error or changing circumstance.

o HIFEXPIESS

U. S. Scheduled Airlines...call Air Express...division of Railway Express Agency.

3% Less than any other air service (from N. Y.) that includes door-to-door pickup and delivery. “These are examples of what we
save on 87% of our air shipments by using Air Express. With 97,000 NBC shipments a year, the figure is impressive. The one
thing that impresses us more is Air Express service.”-—Frank C. Lepore, Mgr., Film and Kinescope Operations and Services.
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Call your nearby
MALLORY

distributor!

e
&

Whenever vou need fast service on elec-
tronic components, your local Mallorv
distributor is a good man to know. He
stocks an extensive selection of precision-
made Mallory resistors, controls, capaci-
tors, switches, batteries, rectifiers and vibrators . . . and manyv
other top quality components, too . . .in a variety of ratings

&
. Capacitors
ready for prompt delivery to vou. . ’f
!

Anytime you’re looking for components to use in experimental
“breadboard” eircuits, in pilot models, small production runs,
or for maintenance purposes, you can save valuable hours by
calling on your nearby Mallory distributor. If you do not know
the name of your local Mallory distributor or if the particular
part you need is not stocked locally, we hope you will contact
our nearest District Office or our 1lome Office in Indianapolis.

v

S

.
I ]
'.c;r" Controls

Patronizing your local Mallory distributor will assure vou of
prompt, courteous service . . . and you’ll be sure, too, of getting
the high standards of quality that have made Mallory compo-
nents the choice of leading manufacturers of electrical and elec-
tronic equipment. Write today for our complete catalog of
components, and for the name and address of the Mallory dis-
tributor nearest vou.

P.R.MALLORY & CO.Inc

Depend on MAI.LORY for Service!

Resistors

.also
Switches
Batteries
Rectifiers

P. R. MALLORY & CO., Inig.,

P. R. MALLORY & CO. Inc.
Distributor Division
P. O. Box 1558
Indianapolis 6, Ind.

INDIANAPOLIS &, INDIANA
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electronics

» RELIABILITY . . . In the early
days of radio when we pumped
gignals into the air it was a mat-
ter of conjecture where they would
go. Then, largely as a result of
experience, transmission paths and
distances became reasonably pre-
dictable. Now we are entering an
era in which it may be possible to
determine, by rapid test, precisely
where signals will go at any time
of day or night and in any season.

Low-frequency signals are influ-
enced to a marked degree by dis-
turbances in the earth’s magnetic
field. Instruments which measure
this field have been developed to a
high order of precision. High-fre-
quency signals for the most part
travel by reflection from upper-at-
mosphere layers. A relatively new
instrument incorporating the prin-
ciples of radio, radar and photog-
raphy presents a quick picture of
transmission conditions for vari-
ous frequencies and directions.
Curiously, it draws a blank when
aimed north over the polar region.

Sunspots have much to do with
communications conditions, and
much is known about the sunspot
cycle. Still more may soon be
known when astronomers, who are
themselves now using radio tele-
scopes, evaluate a theory advanced
by electronics engineers. Accord-
ing to this theory the observable
conjunction of certain celestial
bodies produces a *“tidal” pull

ELECTRONICS — November, 1954

W. W. MacDONALD, Editor

CROSS

TALK

which may in itself produce sun-
spots.

» RETIREMENT . . . Economic
considerations that caused many
firms to institute retirement plans
several decades ago are even more
prominent today. And in some in-
stances the establishment of age
as the controlling factor is becom-
ing embarrassing.

Terminating the service of a
man who has spent many years in
management involves a difficult de-
cision because the proficiency of a
management man depends very
largely upon the accumulation of
experience. It is no less difficult
in the case of a physicist or an en-
gineer, who may profit less from
experience, because an imagina-
tive technician may come up with
an important idea at any age.

History indicates that a pre-
ponderance of great inventions
were contributed by young men.
And yet some truly great inven-
tions have also been contributed by
men well along in years. It all
depends upon the man, and this is
the reason current thinking ap-
pears to revolve around carefully
considered change in the status of
each individual, rather than rigid
application of any overall rule.

» QUTSIDE . . . Three visitors
from Japan questioned us at some
length the other day about the

=T —
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market status of certain electronic
devices which have not yet gotten
very far here, and exhibited singu-
larly little interest in products
about which many American manu-
facturers are currently quite ex-
cited.

This has happened to us before
with visitors from other lands so
we tried to find the reason. There
are, of course, many reasons, in-
cluding the fact that other coun-
tries are in different stages of de-
velopment. But one stands out.
The pressures that cause us to
commercially harness new techni-
cal developments as quickly as
possible are severe enough; in
most other countries they are even
more severe and in many sheer
necessity forces complete sacrifice
of long-term objectives.

» TEMPTATION . .. A friend of
ours is now up to his armpits in
the detailed development of an
idea which could have an impor-
tant influence upon the design of
electronic gages.

When the idea first occurred to
him he put a meter in a circuit
and it read backward. It seemed
a simple matter to reverse the
leads so the meter would read
forward, but when he did so it
continued to read backward.

Right here, says our friend, is
where he should have given up
physics and studied music.

19



- 200 KC APART
ACTUAL CHARACTERISTIC L= I[:l-j:l:
/
// o / CIRCUIT UNDER TEST
) ;’A(;LL:;APL RD$|;A2 FCT)R FTREQUENCY VIDEO ¥ | oousLy &
i l ORTIONAL TO THIS SLOPE _~ SWEEP || BALANCED |—w - DET LM
~ GEN MOD
< ' -~ 200 KGC
3 ! —
u | | ]
W
<« IDEAL CHAR - 100-KC FREQ 200 KC PHASE CRO
= | | - .
& | | ACTERISTIC ) osc DOUBLER T oert | ’
I
ENVELOPE DELAY | CUTOFF
igRTLSRSOL%%FET'ONAL | f’ caL- e cROLT |
| | (8) BRATED [ Fa  UNDER |8
| | 0sc S TEST CRO
FREQUENCY (LINEAR SCALE ) ——— L LN

FIG. 2—Graph shows why envelope delay measurements give best indication of phase distortion. Block diagrams, right, give two ways

of measuring envelope delay

Color Test Techniques

How to put out the best color signal possible.

Key transmission system parameters are

discussed together with instruments for checking them. Actual waveform photographs

show what to Jook for in lining up transmitters and studio equipment

By JOHN W. WENTWORTH

Broadeast Studio Engincering

Engineering Products Dirision
Radio Corp. of America

Camden, New Jersey
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FIG. 1—Test setup for measuring amplitude-versus-frequency characteristic

OUR TRANSMISSION system pa-
F rameters require close control
for optimum handling of color sig-
nals.

The amplitude-versus-frequency
characteristic is important because
the subcarrier modulated by chro-
minance information is transmitted
near the upper end of the video
spectrum, and must pass with the
correct level relative to the lower
video frequencies in the mono-
chrome component of the signal.
Phase or time delay versus fre-
quency is important because the
three independent components of a
color signal must arrive at the re-
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ceiver in time coincidence even
though they are transmitted in
different parts of the video spec-
trum. The phase or delay character-
istic must be watched particularly
in the upper part of the video
spectrum where this characteristic
is subject to distortion from cutoff
effects.

Because the subcarrier is trans-
mitted by adding it to the mono-
chrome component of the signal
such that the average level of the
subcarrier varies over the black-to-
white amplitude range, it is impor-
tant to maintain good performance
with respect to differential gain and

differential phase at the subcarrier
frequency.

Amplitude Versus Frequency

A convenient method of measur-
ing amplitude versus frequency in-
volves a video sweep generator that
produces a sine-wave test signal
varying continuously in frequency
over the desired bandwidth—usu-
ally at a 60-cycle rate. Typieal
sweep generators comprise a fixed
r-f oscillator whose output is
heterodyned against that of a
variable oscillator. The test signal
at the output of a device under
test may be observed either on a
wide-band oscilloscope or on a nar-
row-band oscilloscope equipped with
a diode detector. Most video sweep
generators provide for adding
marker pips or notches for fre-
quency calibration.

A simplified block diagram for a
typical video sweep generator and
auxiliary equipment is shown in
Fig. 1. The fixed oscillator is com-
monly operated at about 70 mec
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for TV Broadcasters

while the variable oscillator is swept
from perhaps 10 mec away on one
side to 1 or 2 mc beyond on the
other. The video-frequency beat
between these two oscillators pro-
duced in a nonlinear mixer is se-
lected by a low-pasg filter and after
the addition of a suitable marker
applied to the unit under test.

Envelope Delay

The time delay introduced by any
circuit for a signal of a given fre-
quency is readily determined by
dividing the phase shift for that
frequency by the angular velocity.
In the case of linear-phase-shift
networks, the time delay is the same
for all frequencies and is propor-
tional to the slope of the phase-
versus-frequency characteristic.
However, in most cases, there is
a tendency for the phase character-
istic to rise in the vicinity of cutoff,
as indicated in the graph of Fig. 2.

To measure phase distortion
which results in delay distortion
the concept of envelope delay is
frequently employed. Envelope de-
lay is proportional to the incre-
mental slope of the phase character-
istic and hence is a somewhat more
sensitive indicator of phase distor-
tion than is actual signal delay. The
difference between signal delay and
envelope delay is indicated in the
graph of Fig. 2. Envelope delay
may be expressed as A@/2wAf.
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A block diagram for a sweep-type
instrument for measuring envelope
delay is presented in Fig. 2A. This
instrument produces a test signal
consisting of a pair of frequencies
a fixed number of cycles apart—
usually about 200 ke—which are
swept through the video band.
After passing through the circuit
under test the test signal is de-
modulated to recover the 200-kc

(a)

ADJUSTABLE

I LINE IN 10

(c)

FIG. 3—Three test signals for checking
differential gain and phase (A, B and
C). Waveform (D) is actual cro photo-
graph of a signal (C)

component, which is Iimited and
compared in a phase detector with
a reference 200-kc signal. Since the
frequency separation is small the
output of the phase detector is
proportional to the envelope delay
of the unknown circuit. The phase
detector output may be displayed
on a cro.

Figure 2B illustrates an alterna-
tive method for measuring envelope
delay by determining the frequency
intervals corresponding to a fixed
phase increment, A@. An oscillo-
scope can serve as a convenient
phase detector for showing 180 or
360-deg increments, since the clos-
ing of a Lissajous loop provides a
sensitive indication of phase.

Ditferential Gain and Phase

At least four types of test signals
have been proposed for the meas-
urement of differential gain and
differential phase. Figure 3A shows
a signal consisting of relatively
low-level subcarrier sine wave su-
perimposed on a relatively high-
level 15.75-ke sine wave. Synchro-
nizing pulses may be added to the
trough of each 15.75-kc sine wave
to permit the signal to pass through
stages with triggered clamps. The
most serious disadvantage of this
signal is that it has no provision for
varying the duty cycle or d-c com-
ponent,

The signal shown in Fig. 3B con-
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sists of a variable-width pulse at
horizontal frequency with a rela-
tively low-level superimposed sub-
carrier. The d-c component can be
adjusted by varying the width of
the pulse and horizontal synchro-
nizing pulses may be added. The
most serious disadvantage of this
signal is that it shows the condi-
tions only at the limits of the am-
plitude range.

Figure 3C shows a horizontal-
frequency step signal usually com-
prising 10 steps with a low-level
subcarrier sine wave superimposed
on each step. If this step-plus-
subcarrier signal is presented only
during one line out of every ten,
the d-c component of the complete
signal may be varied by adjusting
the level of a blanking pulse trans-
mitted during the remaining nine
lines. Sync pulses may be added to
this waveform. Figure 38D is a
photograph of a test signal of this
type. The fourth type of test signal
is a color-bar signal.

A typical test setup for making
differential gain and differential
phase measurements is shown at
the left in Fig. 4. Any one of the
test signals discussed is passed
through the unit under test and
then through a high-pass or band-
pass filter which rejects the low-
frequency components. Variations
in the envelope of the separated
subcarrier signal correspond to
variations in differential gain. Fig-
ure 4A shows the subecarrier en-

FIG. 6—Color bar signal from encoder in good adjustment (A) and
out of adjustment (B and C). Waveform (D) shows vector display
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velope with and without differential
gain errors. Distortion is much
easier to see in the separated en-
velope than in the complete test
signal.

Differential phase errors can be
determined by passing the filtered
subcarrier component of the test
signal through a phase detector.
Here its phase may be compared
with that of a reference subcarrier
derived from the test signal gen-
erator. A 360-deg phase shifter
may be employed to zero in on any
desired portion of the test signal
and an accurately-calibrated phase
shifter may be used to determine
the phase error between any two
amplitude levels in the test signal.

Figure 4B shows the signal at
the output of a phase detector. All
intervals come to a null simultane-
ously when there is no differential
phase error while only one step at
a time can be zeroed in when ap-
preciable distortion is present.

Color Bar Generator

Color patterns produced by com-
binations of pulses in red, green
and blue video channels have two
important uses in color television:

FIG. 5—Waveforms used in producing
color bar signal

(1) They provide noise-free, readily
recognizable waveforms convenient
for the adjustment of encoding
equipment, and (2) a composite
color bar signal provided by a color
bar generator in combination with
encoding equipment is useful for
aligning monitors and receivers and
for making general system checks.
The waveforms in Fig. 5 illus-
trate a recent color bar generator
design which employs only three
basic multivibrators—one for each
color. The active part of each line
period is divided into seven bar
intervals, and the circuit arranged
so that each multivibrator is on for
four of the seven intervals and off
for the remaining three. All of the
multivibrators are on for the first
interval. Thus a white or neutral
is produced as the first bar.
Usually the green multivibrator
produces only one pulse per line
four intervals wide, the red multi-
vibrator produces two pulses per
line each two intervals wide and
the blue multivibrator produces
four pulses per line each one in-
terval wide. The combination of
these signals results in a bar pat-
tern with the colors arranged in
descending order of luminance.

Evaluating Color Bar Signals

A television oscilloscope with uni-
form frequency response out to at
least 3.6 mc is often sufficient for
evaluating a color bar signal to
determine if an encoder is set up

COLOR VIDEO INPUT

fo |

TEST
SELECTOR

I
R

COLOR |2 TO 5-MC
VIDEQ | FILTER

REFERENCE | 360-DEG cauis | [svwenro-] ||,
L TPHaSE PHASE NOUS . I
36 MC | SHIFTER | | SHIFTER | |DETECTOR RO
1
(A) ADDER
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FIG. 7—Block diagram illustrate color signal analyzer (A) and
vector display oscilloscope (B)
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properly or if distortion has been
introduced by equipment handling
the composite signal. Figure 6A
shows a complete color bar signal
produced by an encoder in good ad-
justment. The trained observer
will look for several landmarks in
this pattern. A thickening of the
black-level trace indicates carrier
unbalance while a thickening of the
white bar trace when the black
trace is of minimum thickness indi-
cates poor white balance. When the
relative amplitudes of the mono-
chrome, I and Q signal components
are correct, the positive overshoots
for yellow and cyan should match,
the negative red overshoots should
just match the blue overshoots, the
negative green subcarrier should
just touch the black level and the
positive purple subcarrier should
just touch reference white.

To indicate possible distortions,
Fig. 6B shows a case of poor car-
rier balance and Fig. 6C shows the
pattern that results when the I gain
is dropped about 25 percent.

Figure 7A illustrates a color sig-
nal analyzer, which provides accu-
rate measurements of the various
amplitude and phase relationships
in a color signal. A five-position
selector switech permits the operator
to view on an oscilloscope the com-
plete signal, the low-frequency por-
tion of the signal only (represent-
ing luminance information), the
high-frequency portion of the sig-
nal only (representing subcarrier
information), the output of a syn-
chronous detector or the detector
output added to the low-frequency
information.

The synchronous detector permits
the measurements of relative phase
angles. An accuracy of better than
1 degree can be achieved.

The vector display oscilloscope,
Fig. 7B, gives a complete picture of
the phase and amplitude relation-
ships in a color subcarrier signal.
This instrument employs a pair of
quadrature demodulators compara-
ble to those used in color monitors
and receivers and a burst-controlled
oscillator for deriving the reference
subcarrier from the color synchro-
nizing bursts contained in the sig-
nal. The outputs of the two demodu-
lators are applied after suitable
filtering to the horizontal and ver-
tical plates of a d-c oscilloscope.
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FIG. 8—Dot generator for studio use (A) and waveform from color monitor analyzer

(B). Color simulator (C) is for receiving servicing.

When used with color bar sig-
nals, the vector display oscilloscope
produces a pattern of bright dots
corresponding to the tips of the
various color vectors, or a pattern
of lines corresponding to the transi-
tions between the colors. A typical
vector display pattern for the color
bar signal of Fig. 6A is shown in
Fig. 6D.

The dots or the corners of the
line traces can be compared with
markings on a transparent overlay.
The accuracy of measurement is
in the order of 2 or 3 degrees.

Convergence Dot Generators

The dots or the corners of the
or registration in tricolor tubes is
readily accomplished with a test
signal producing a regular pattern
of dots. The optimum size for the
dots is about 10 to 12 lines square.

A suitable pattern can be gen-
erated by two multivibrators or
blocking oscillators operating at
multiples of the line and field fre-
quencies in combination with a gate
circuit that permits pulses to pass
through only when pulses from the
two multivibrators coincide. For
studio use, a dot generator may
use the standard horizontal and
vertical driving pulses as indicated
in Fig. 8A.

Portable Color Signal Generators

The color monitor analyzer was
developed specifically for adjusting
color monitors., It consists of a
crystal-controlled subcarrier oscil-
lator, a free-running horizontal-
frequency multivibrator and auxil-
iary multivibrators, gates and phase
standards to produce a simplified

Its waveform is shown below

bar signal consisting of a horizontal
synchronizing pulse occurring every
line, a color synchronizing burst
also occurring every line and a
group of five test bursts of different
phases occurring every other line.
See Fig. 8B.

The phases of the test bursts
are usually adjusted so that
one of them corresponds to zero
output at each of the following test
points in a color monitor: the red
gun, output of the I demodulator,
green gun, output of the Q demodu-
lator and blue gun.

The line intervals without test
burst provide a convenient zero
reference built in to the test signal.
To obtain a zero reference line
running down the center of the dis-
play, it is necessary only to trigger
the cathode-ray oscilloscope on any
desired odd multiple of the line fre-
quencey.

Color Simulator

The color simulator is a portable
instrument providing a test signal
for checking and adjusting the
color oscillators and the phasing
and matrixing circuits of receivers.
A simplified block diagram and
waveform of its signal are pre-
sented in Fig. 8C. It consists of a
crystal oscillator which operates
15.75 ke below the color subcarrier
frequency with a gating circuit for
chopping the oscillator output into
12 bursts during each line period.
One of these bursts is keyed out
to provide a gap for the insertion
of a horizontal sync pulse and an-
other serves as the color synchro-
nizing burst. This leaves 10 bursts
visible in the picture area.
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Recorder-Controlled

Ordinary engine lathe is made automatic by using two channels of magnetically stored

information to control carriage feed and cross feed. Synchros provide error correction.

System can be applied to more complicated machine tools by employing additional channels

By E. W. LEAVER and G. R. MOUNCE

AGNETIC recording combined
with servo techniques has
been applied to a simple engine
lathe to demonstrate the practica-
bility of recorder-controlled ma-
chine tool operation. The system
uses magnetic tape or wire as the
storage element. Electronic (usually
thyratron) motor control and
synchros on the drive shafts are the
prime informational and feedback
elements. A block diagram of the
system is illustrated in Fig. 1.
Cross-feed and longitudinal feed
are both fitted with synchros. They
are also arranged so that they can
be positioned manually or by means
of manual controls on the thyratron
drive units. If operation recording
is to be used to produce the record,
a sample part may be produced by a
workman turning out the part in
the conventional manner. The mo-
tions are recorded on wire or tape,

System Operation

Some of the output of a refer-
ence-frequency oscillator is fed in-
to circuits that produce the three-
phase supply for the stators of
the cross-feed and the longitudinal-
feed synchros as shown in Fig. 2A.
Voltages appear across the rotor of
each of the synchros, but shifted
in phase by amounts indicative of
the rotational positions of the syn-
chros. These voltages are fed into
the two modulators. Also feeding
into the modulators are the outputs
of two carrier oscillators.

Output

The outputs of the two modula-
tors, together with the original
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reference frequency signal (not
phase shifted) are all fed into a
mixer and then into the recorder.
The successive positions of the tool
are therefore represented by the
phases of the modulations of two
carrier frequencies with respect to
the reference frequency. These
frequencies must lie within the fre-
quency-response capabilities of the
recording system and preferably
should not be harmonically related
(to reduce crosstalk and filter prob-
lems).

Playback

In playback, Fig. 2B, the re-
corder output is fed into a number
of filters. When only two synchros
are being used three filters will
suffice. Two of the filters are de-
signed to accept the phase-modu-
lated signals of the carrier fre-
quencies originally recorded. The
outputs are fed into demodulators
and then into phase detectors. The
reference frequency is easily ob-
tained by a single low-pass filter,
the output of which is then fed into
the same phase splitters as were
used in the original recording and
into the stators of the synchros.

The outputs from the synchro
rotors are also fed into phase de-
tectors and the resulting voltages
are fed into the thyratron controls
for the cross and longitudinal-feed
drive motors. Velocity-type feed-
back has been employed from the
drive motors to the thyratron con-
trol circuits. While either ampli-
tude or frequency modulation could
be employed with this system, most
success was originally obtained us-

ing an amplitude-modulation sys-
tem.

Figure 3 is the schematic dia-
gram of an experimental recorder-
controlled machine system. On
record, the reference frequency of
approximately 400 cps is generated
by oscillator V,,. This oscillator is
conventional in design, employing
a tuned circuit between the plate
and grid, and incorporates a vari-
able cathode resistor to adjust the
amplitude of oscillation to a value
producing negligible distortion.
The output of V,, is fed to cathode
follower V,. Output from V, is fed
to the PLAY-RECORD switch.

Reference Frequency

The reference-frequency genera-
tor output is fed to a circuit
through lead A, which produces,
from the single-phase output, a
three-phase driving voltage for the
synchros mounted as information
units on the machine tool. The in-
put is fed through a variable at-
tenuator directly to the grid of
V.s, a conventional triode amplifier
with a matching transformer in the
plate circuit. Another input is
taken from the common attenuator
and fed through a phase shift net-
work to the grid of V.. A relatively
high capacitance is connected from
the grid of V, to ground and a high
resistance inserted between the in-
put source and grid.

Phase Shift

Since the impedance of the capac-
itor is low compared to the value
of the series resistor, a phase shift
approaching 90 deg is produced be-
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Automatic Machine Tools

System for cutomatic operation of a lathe.

tween the signal on the grid of
V., and that fed to the grid of V..
Proper adjmstment of the series
resistor in the phase-shift network
is obtained when the attenuation in
the phase-shift network is com-
pensated by the gain of V,. The
signal appearing on the plate of
V, is therefore equal in amplitude
to that on the grid of V,, and
nearly 90 deg out of phase with
the signal.

The output of V, is fed to the
grid of V.., which is a conventional
amplifier with a matching trans-
former in its plate circuit. The
secondaries of the two impedance-
matching transformers, one in each
plate circuit of V., are Scott-con-
nected to produce a three-phase
output. This output is connected
to the stator of synchro 1.

Tube V. is a dual triode con-
nected in a similar fashion to V.,
driven by the same signals on each
grid. A Scott transformer connec-
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Recorder is at left, with electronic
control rack mext to it and controlled lathe at right

tion is again used in the plate cir-
cuits of V, to produce a second
source cof three-phase voltage for
feeding synchro 2.

Synchro Amplifier

The single-phase output from
synchro 1 is fed through a match-
ing transformer and a filter to the
grid of V... The filter, a simple pi-
section, is employed to reduce the
harmonie content of the signal fed
to the grid of V.. If allowed to
pass through amplifier V, the har-
monics might produce undesirable
crosstalk in following circuits.
Tube V., is a conventional amplifier
with the output taken from the
plate and fed to the PLAY-RECORD
switch through lead Y.

With the PLAY-RECORD switch in
the RECORD position, the output
from the plate of V., is fed to the
grids of V, (modulator 1) through
a grid-coupling transformer. An
inductance is connected from the

center tap of the grid transformer
to a variable source of bias and the
signal voltage from V, is applied
across this inductance. A carrier
signal is also applied to the grids of
V., through the grid transformer.
The primary of the grid trans-
former is fed from the oscillator V..
This oscillator produces a carrier
frequency of approximately 1,300
cps (not harmonically related to
the reference frequency generated
by oscillator V).

Modulator 1 (V,) has a push-pull
carrier frequency and an in-phase
modulating frequency applied to
its grids. A push-pull output trans-
former with a single-phase second-
ary applies the output of the modu-
lator stage to the PLAY-RECORD
switch. The output consists of the
carrier frequency amplitude modu-
lated by the signal obtained from
the synchro through the synchro
amplifier. The output from this
modulator goes to band-pass filter
1. The filter is designed to pass
only the carrier frequency and its
gsidebands. It eliminates the refer-
ence frequency, which might pass
through to the modulator due to
an unbalance condition in the modu-
lator circuit.

Mixer Amplifier

The filter output signal is again
passed through the PLAY-RECORD
switch to the grid of V... Tube
V. is a conventional amplifier with
considerable cathode feedback to
reduce distortion and increase the
plate resistance.

The output from synchro 2 is fed
through a matching transformer,
through V., and the PLAY-RECORD
switch Z, to modulator 2 through
lead C, which is also fed from a
second carrier frequency having a
different frequency from the first
carrier frequency oscillator, being
approximately 2,700 cps. Modula-
tor 2 output passes through band-
pass filter 2 and hence to the grid
Of VggA.

On RECORD the reference-fre-
quency generator output D is also
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applied to the grid of V,; Ampli-
fier section V,; is exactly similar
to the two sections of V,. The two
plates of V. and the plate of Vi
are tied together to a common
plate load. Across this plate load
will appear: the reference fre-
quency; the modulated carrier pro-
duced by modulator 1; and the mod-
ulator frequency produced by mod-
ulator 2. This mixture of three
signals is fed to the recorder input
position.

On PLAY, signals from the re-
corder output, which will consist of
a mixture of two carrier frequen-
cies and a reference frequency, are
applied to the grids of V,, and the
grid of Vi, Each of these tube
sections is a conventional triode
amplifier.

Output from V,, is applied
through a low-pass filter with a
cutoff slightly above the frequency
of the reference-frequency genera-
tor. This filter output, which now
consists of only the reference fre-
quency, is fed through the PLAY-
RECORD switch to the input A of the
three-phase generator circuit ex-
actly as was the output from the
reference-frequency generator on
the RECORD position. The three-
phase generator produces signals
for the synchros in exactly the
same fashion as on RECORD.

The signal from synchro 1 is fed
through a synchro amplifier con-
sisting of V., through the PLAY-
RECORD switch Y to the grid of V.
Tube V... is a conventional ampli-
fier. The output is applied to a
transformer having a center-tapped
secondary with a variable phase-
shift network. The output from the
phase-shift network is fed to grid
of Vus. A transformer in the plate
circuit of V., applies the amplified
signal to the center tap of a trans-
former feeding diode detector V...

The recorder output is also fed
to the grid of V.., which amplifies
this signal and feeds it from the
plate circuit through the PLAY-
RECORD switch to band-pass filter 1.
The output from band-pass filter 1
consists of the signal originally
produced by modulator 1 at the time
of recording. This signal is fed
through a transformer to a full-
wave detector V.

The output of V., 1is passed
through a pi-filter, which eliminates
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the carrier frequency and its har-
monics from the detector output
and feeds the remaining signal to
the grid of V... The output taken
from the plate of V., a conven-
tional amplifier, is fed to the grid
of Vi Output of V,, is taken
from the plate circuit and fed to
the grid of V,u. The plate circuit
of V. comprises a matching trans-
former that acts as a coupling to
the diode detector V.

Phase Detection

Diode detector V; acts as a phase

detector. In the absence of signal
from V.. the signal applied
through V.; and the coupling

transformer to the diode will pro-
duce no output signal. The two
diode sections are connected back
to back so that the current through
one diode section cancels the cur-
rent through the other diode sec-
tion, resulting in no net signal at
the output of the phase detector.
Similarly, with a signal from
Vs and no signal from Vs the
current through diode detector Vi
again cancels, resulting in no out-
put from the phase detector. A
signal must therefore be present on
both plates of V,, for an output
from the phase detector to be pro-
duced. Furthermore, the ampli-
tude and polarity of the output sig-
nal depend on the phase difference
between the two signals on the
plates of V,. Tube V,; is fed by
the reference frequency portion of
the recorded signal which has been
passed through synchro 1 at time
of playback. A signal feeding V..
is produced from demodulation of
the carrier frequency produced by
modulator 1 at the time of record-
ing. This signal is constant in
amplitude but varies in phase, de-
pending upon the position of syn-
chro 1 at the time of recording.
The output from the phase de-
tector, after filtering to remove
any reference frequency generator
components, is fed to thyratron
unit 1, operating that section of the
machine tool to which synchro 1 is
connected as an information unit.

Thyratron Control

Tracing the operation of the
thyratron control in conjunction
with the phase detector for synchro
1, if the phase difference between

the two signals applied to detector
Vi 1s not 90 deg a d-c signal will
be produced at the output of the
phase detector and fed to thyratron
control 1. Thyratron control 1
operates a motor that adjusts the
portion of the machine fool to
which synchro 1 is connected as the
information unit. As the motor is
actuated information synchro 1
will be turned, thereby changing
the phase of the signal fed to the
phase detector V, from V.

When the phase has been ad-
justed so the signal applied to diode
V,: from V,; is 90 deg out of phase
with that applied from V,,,, no d-c
output will be obtained from the
phase detector. This point is the
null position for synchro 1. Phas-
ing of the signal applied to the thy-
ratron control, the output of Vi,
is such that the system follows in
the null.

The null position of synchro 1
must in practice be the same on
PLAY as it was for the correspond-
ing portion of the record on
RECORD. To fulfill this condition
an adjustable phase shift network
is provided in the grid circuit of
VI‘H-

The recorder output fed to V.
is amplified by that tube section,
passed through band-pass filter 2
and applied to detector Vi, De-
modulation of the carrier frequency
occurs and at V, the recorder out-
put is filtered to remove the carrier

INFORM-

ATION My
SOURCE
coL- 1
LATOR [CONTROL (VAT |+ TooL
POWER INFORM-
ATION
— DETECTOR

(A)

INFORM-
ATION
SOURCE
coL- MANIPY-
LATOR [HCONTROLLS AToR n TooL
POWER | [INFORM-| | \yopk-
ATION
SOURCE DETECTOR PIECE

FIG. 1—Automatic machine control us-
ing shortloop feedback system (A) and
long-loop feedback (B)
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FIG. 2—Block diagram of recorder-controlled machine system during record (A)

and playback (B)

frequency. The modulation fre-
quency is passed through an adjust-
able phase-shift network to the
grid of Vs After amplification by
Vi, Via and V.. the signal is
passed to phase detector Va. Tube
V., is also fed by the recorded refer-
ence frequency acting through Vi
and V.s:. Phase detector V. acts
in an exactly similar fashion to
phase detector Vi, In this case,
however, the applied signals are
the recorded reference frequency
and the modulating frequency from
synchro 2. The output from phase
detector V., after filtering, is fed
to thyratron control unit 2, which
operates that section of the ma-
chine tool to which synchro 2 is
connected.

Thyratron control circuits origin-
ally used with the recorder-con-
trolled machine were a conventional
arrangement providing a d-c out-
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put proportional in magnitude to
phase-detector output and having a
polarity determined by the same
output. The thyratron circuit fed
the armature of a shunt-wound
motor the field of which was sup-
plied by a separate d-c supply also
located in the thyratron control
chassis.

The original recorder used wire.
Separate recording and playback
heads and amplifiers were provided,
which was useful in allowing con-
tinuous monitoring. Bandwidth
was sufficient to allow the use of at
least six channels if required.

It may be desirable to provide
more than a single channel for each
controlled parameter. This will be
the case if the travel of the tool is
to be large, if accurate work is re-
quired and ambiguities are to be
avoided. Apart from the history of
the operation, there is no electrical

indication of the number of com-
plete revolutions of the synchro.
Unless control is lost during a
sufficiently large change in the re-
corder information, the existence of
such ambiguities is of little im-
portance.

Tolerances

Apart from the inaccuracies
owing to the standard mechanical
tolerances of the system, one of the
factors limiting precision is the
accuracy of the synchros. If this
is in the order of one degree and the
tool is to be positioned within
0.0005 in., stable positions of the
tool during playback will occur at
multiples of 0.18 in. from the
proper reproducing position.

If the total tool travel is less
than 0.18 in. or the accuracy re-
quired is less, the problem is less
acute and in some cases may not
exist at all owing to other limiting
factors in the system.

Accuracy

When large tool travels with
great positional accuracy are re-
quired, the problem may be solved
by the use of one or more verniers.
The vernier, a second synchro, uses
its own carrier, modulator and fil-
ter. An automatic switching sys-
tem may be used, whereby the main
synchro is employed to put the
apparatus on the right turn of the
vernier synchro while the latter de-
termines the accuracy of the sys-
tem.

Almost any degree of accuracy
and tool travel may be obtained by
use of this system. This accuracy
is subject to the mechanical limita-
tions of the machine being con-
trolled. The increased accuracy is
seemingly purchased at the expense
of considerable complexity, but
accuracy goes up exponentially with
only an arithmetic increase in com-
plexity.

Loading

Automatic loading is required if
the device is to become a true auto-
maton. Economics and present
practice would indicate that, on
work requiring a considerable oper-
ating time per piece and when a
workman has other work that can
be done, a workman should be used.
When operating time is fairly short,
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it is difficult to utilize a workman
economically and automatic load-
ing is indicated.

Advantages

Electronic programming, unlike
cam and stop-controlled machines,
requires little if any set-up time
once the record has been made. It
is possible to operate a number of
machines from a single record
where tolerances of machines and
product will permit. This allows
the multiplexing of machines so
that they may be operated simul-
taneously or sequenced in order
that the number of operators
needed for a given number of ma-
chines may be reduced.

Other advantages accrue to this
type of operation, such as the abil-
ity to correct by simple wipe-out
and in some cases dubbing in por-
tions of the operation that must be
changed owing to product changes.
The utilization of such machines
can lead to the building up of a

operations and their products with-
out the necessity of going through
the recording operation at all.

Where the tolerances of the ma-
chine and the product will permit,
duplicate records may be used for
controlling other machines than the
one used for recording purposes.
Recordings made in one plant could
subsequently be employed in other
factories.

It is natural that the system
should be compared to others using
a digital method of information,
storage and handling. The ad-
vantage of the former is that it is
usually simpler and cheaper to con-
struct, simpler to operate and errors
are noncumulative. The employ-
ment of sinusoids rather than pulse
type information simplifies the cir-
cuits required to obtain a given ac-
curacy. The fact that the refer-
ence frequency and the phase-
shifted frequency are both recorded
on the same tape, minimizes errors
due to lack of mechanical stability

rected by an error signal produced
by continuously comparing the posi-
tion of the tool to the recorded
information.

The system does not take into
account tool wear. In many cases,
with new tool materials, the rate of
wear is so small that routine in-
spections can preclude errors on
this account. If this is not the
case, the start of the work may al-
ways be arranged relative to a fixed
reference point and the tool cut-
ting edge.

This general technique can offer
much to making machines fully
automatic without at the same time
making them dangerously over-
specialized. At the same time, as
in the case of all new techniques,
whole new areas are opened up for
methodical development.
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FIG. 1—General shunt-to-series feedback circuit (A) together with common emitter voltage amplifier (B) and its equivalent circuit <

Feedback Simplifies
Transistor Amplifiers

Voltage amplification in transistor stages is obtained using a degenerative feedback path

shunting the output and in series with the input. Use of interstage transformers or

grounded-collector stages is avoided

RANSISTOR AMPLIFIER technol-
T ogy is described quite fully in
the literature. However, the cir-
cuits discussed are usually power
amplifiers. Unlike the vacuum tube,
the transistor requires input power
and the power gain is, therefore,
finite, being about forty decibels
for presently available types. For
this reason, most workers in the
field prefer to employ each stage
of a transistor amplifier for power
gain instead of following the more
conventional practice of relegating
the conversion from voltage to
power to the output stage.

Voltage Amplification

There are many applications
wherein it is more desirable to em-
ploy transistors as voltage amplify-
ing elements. However, the char-
acteristics of the transistor, namely
its low input impedance and high
output impedance, hinder its use
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for voltage amplification where the
reverse impedance levels are nec-
essary.

Present Systems

To circumvent this difficulty a
number of schemes have been sug-
gested. In one approach, trans-
former interstage coupling is em-
ployed to obtain the desired
impedance transformations. An-
other method makes use of input
and output common collector (cath-
ode follower) stages for coupling
to and from the amplifier proper.
This latter scheme suffers from
the disadvantage that the common
collector stages do not directly con-
tribute to the amplification of the
signal.

The technique to be described in
this paper makes use of the follow-
ing properties of negative feed-
back: (1) shunt feedback reduces
the impedance level, (2) series feed-

back raises the impedance level and
(3) both increase circuit stability.
By employing degenerative feedback
in parallel with the output and in
series with the input, the im-
pedances required for voltage am-
plification are obtained. Simultane-
ously, the circuit is stabilized
against component variation.

Theory

Consider the shunt-to-series feed-
back circuit shown in Fig. 1A. The
voltage amplifier of gain K intro-
duces a reversal of phase between
input and output so that the in-
stantaneous polarities are as shown.

It can be shown that
K; = E,/JE, = K/(1 + 8K) (1)
Ry = Ei/i = (Ew/7)(1 + BK)
= Rin(1 + BK) (2)

Routs = Rout/(1 + BK) 3)
where subscript f refers to the cir-
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FIG. 2—Transformer coupling scheme for
voltage amplifier (B)

cuit with feedback and B8 is the
feedback factor.

The input impedance of the cir-
cuit illustrated in Fig. 1B and C
is found to be

Rin/ e El/l
=ERy{[R1+R1/(1-))/(Ri+Ry+R1)}

The gain E,/E, of the amplifier
may now be found

K=E./E,=(1/1—a](R1/R.) [(R:+aRy)/
(Ri+Rp/1—a)] (4)

By considering R, as the feed-
back element several interesting
features of this circuit may be ob-
served. Since for this application

aRL/(1 —a) > I )

the presence of feedback, R, finite,
decreases the voltage gain and the
output impedance and raises the
input impedance. A return differ-
ence F' may be defined that shows
the effect of R,. Thus

Fpin= {<R1+1RTLO‘> /(RH—RH—RL)} ®

unbalanced input (A) and a two-stage

Fx ={ [ R,+1R_La:| / [R1+(Rz/a)]} ™

I'WRouz={<Rl+iR_La> / R, }
{

When R, becomes infinite, Eq. 6,
7 and 8 equal wunity. These
equations are equal only for R, in-
finite whereas the true return dif-
ference should be the same for each
quantity. This R, is not the only
feedback element.

8

Other Elements

To visualize the effect of the cir-
cuit elements consider the circuit
as indicated. The percentage sen-
sitivity of the gain to changes in
o is reduced by the factor F, where

_ (B + Ri/1 — a)(By + Ry/a)
° (R)(Ry + Ry + Ry)
= Frin Frou/Fr > 1 (9)
An interesting form of this cir-
cuit results if the load resistance
is allowed to become infinite

Ry >>R + R,y (10)

(8)

K= X 1,000

FIG. 3—Two experimental voltage amplifiers. First (A) has gain of 15 and consumes
250 mw. Second (B) has same gain but consumes 150 mw. In both circuits 20-percent

bias change produces no change in gain
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The expressions for R.,, K and
R,.. become

Riwn=Ry/(1—a) (1)

K=(Ry+aR)) /Ry~ (Ry+Ry) /R, (12)
Rose=(1-a)R (13)
The feedback factor

8=V\/E, (14)
reduces to

B=Ry/(Ry+aR)

=1/K ~Ry/(Ri+Ry (15)

Both R, and R, are considered
feedback elements and the opera-
tion of the circuit is greatly simpli-
fied.

Unbalanced Input

Where an unbalanced input is
desired, transformer coupling may
be employed as shown in Fig. 2A.
The secondary of the transformer
is returned to ground to increase
the bias stability of the circuit. A
phase reversal must occur between
the primary and secondary of the
transformer to obtain degenerative
feedback.

A second scheme that provides
an unbalanced input is shown in
Fig. 2B. The resulting expressions
for this circuit are

Rin=[R/(1 —a))] (16)

{[R1+Rr,<1+lai%—?> ] / (Ri+Ry+ Ry }

K =laiar/(1 —a}J(R /R (7
j Ry 4-12, 1+l—a2
}\ o oy
[R1+R,,<1+ﬂl"‘"’i>]}
—o
Rout=Rl,{R1/ [1{1—*—RL<1+arlal> ]}
1—oay |

(18)

where o, and a«, refer to the first
and second transistors, respectively.

Considering R, the feedback ele-
ment the return differences become

Fpin= (19)

{[R,+RL<1+1"%;’;>] /(R.+Rz+m)}
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Fx=

fronte)
[R1+Rz(1+la;(:2> ]}» (20)

F gous= {[ Ry +RL(1 +1a:a;2> ]/ Rl} (21)

If R, is allowed to become in-
finite that is

Ry >> R, + R, (22)
Eq. 16, 17 and 18 reduce to

Rin=[R:/(1 —a))]{1+[aice/ (1 —es)]} (23)

K=[R1+Rz(1+-1¢;—aj2) ]/

[R,(l +1 —“’> ]z (Ri+-Ry) /R, (24)

[25023

Rout=[Rl/ <1+1ai—a(;)] (25)

Comparison of these expressions
with those for the single-stage
amplifier with infinite load shows
that although the gain and output
impedance of the single and double-
stage amplifiers are nearly identi-
cal, the input impedance of the lat-
ter is much greater. This fact,
together with the unbalanced in-
put that this configuration affords,
indicates that the double-stage
amplifier would be preferable for
most applications.

Practical Amplifiers

Two experimental double-stage
amplifiers have been constructed.
Figure 3A is a diagram of the first
with a finite load resistance of
10,000 ohms. The circuit is a
straightforward realization of Fig.
2B. By returning the 1-megohm
base resistor to the supply voltage,
larger input signals can be tol-
erated before the input circuit cuts
off. The 22,000-ohm resistor serves
as a collector return for the first
transistor and a base return for
the second. The 10,000-ohm emit-
ter resistor of the second tran-
sistor stabilizes the quiescent
operating point.
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R Ry, Riq fes

(8)

FIG. 4—Two variations of equivalent
input circuit of amplifier, showing quan-
tities used in design calculations

The second amplifier, shown in
Fig. 3B, is similar to the first
except for the infinite load resist-
ance and Dbiasing arrangement.
The collector voltage of the second
transistor must now be supplied
through a source that does not
load the output. An audio-fre-
quency choke consisting of the pri-
mary of a high-impedance trans-
former was used for this purpose
in the experimental setup.

Calculations

The calculation of the input im-
pedance for practical amplifiers
must consider the shunting effects
of the first base resistor R,, and the
collector circuit of the first tran-
sistor. Denoting the actual input
impedance by R, and the input im-
pedance when the first base resistor
is infinite by R’ the equivalent input
circuit is as shown in Fig. 4A when
R,, is obtained from the previously
developed expression. To calculate
R’ the circuit equations are written
as

E1=Riu(1 —a))iy+Rin(1 —a)iz (26)
0= [Rin(l —al) -a1fcl]i1+
(Rintra)A —aiy  (27)
Solving Eq. 26 and 27 for 1,
i1=Ei(Rin+ra)(1 _al)/ N
[Rin(l —ar){[(Rin+Ra) (1 —an)] —
w(l—a) —arral}]  (28)
from which
R’ =E/ti=Rwra/(Ratra) (29)

is obtained.

Resistance R,, the
parallel combination of R’ and R,
is

Ri=RuRisra/(RuRin+Rura+Rira)
(30)

and the actual equivalent input
circuit is shown in Fig. 4B.

Discussion

It is interesting to consider a
vacuum-tube amplifier that would
provide the same characteristics as
the double-stage transistor ampli-
fier with an infinite load resistance.
The circuit might employ two tube
stages in a negative feedback con-
figuration with an overall gain of
15 and high input and low output
impedances. Using a subminiature
dual triode such as a type 6112,
this amplifier would consume ap-
proximately 2.5 w as contrasted
with 150 mw for the transistor
circuit.

Other Possibilities

The circuits discussed in this ar-
ticle are certainly not exhaustive,
but rather, indicate a few general
ideas. Of the many possibilities
still to be expored, mention might
be made of a few. Mixed configur-
ations such as common emitter to
common collector should prove use-
ful in obtaining simple biasing ar-
rangements.

Along the same line, npn and pnp
transistors in symmetrical circuitry
look quite promising as does the use
of multielectrode transistors, some
types of which are just becoming
available.

Acknowledgments

The author wishes to express his
thanks to William Sollfrey for his
invaluable assistance during both
the technical investigations and in
the preparation of this paper, to
Robert S. Sherry for his guidance
and encouragement and to Harold
D. Ullman who assisted with the
actual circuits.

BIBLIOGRAPHY
Shea, “Principles of Transistor Cir-
cuits”, John Wiley and Sons, Inc., New
York, 1953.

Bode, “Network Analysis and Feedback
Amplifier Design’”, D. Van Nostrand Co.,

Inc.,, New York, 1945.

131



NPUT AND OUTPUT coupling to a
traveling-wave tube may be
achieved by helixes located outside
the vacuum envelope. The coupling
circuits are thereby accessible and
many critical steps in tube fabrica-
tion can be performed after the tube
is sealed off. Furthermore, the tube
can have the simplest internal struec-
ture possible.

Using this coupling arrangement,
two traveling-wave-tube amplifiers
for the 2,000 to 4,000-mc range
have been developed. One amplifier
has 35-db gain, 20 milliwatts out-
put, a noise figure in the order of
20 db, is capable of modulation and
is useful as a low-level amplifier
with fast modulation response. The
second amplifier has a gain of 30
db, an output of 1 watt and is in-
tended as a power booster for a
signal generator or wide tuning
range oscillator.

Amplifier Circuit

The common requirements of all
traveling-wave-tube amplifier cir-
cuits are first to couple to the helix
—apply the signal to be amplified at
the input and extract the amplified
signal—and second to attenuate any
wave reflected from the output back
to the input. An attenuator is used
for isolation of waves traveling in
a backward direction along the
helix. This attenuator must have
sufficient loss to stabilize the tube
when imperfect output and input
matches are present.

Previous traveling-wave amplifi-
ers have coupled to the helix by a
direct lead through the vacuum seal
or by a capacitive antenna. In these
systems it has been necessary to
taper the helix pitch at the terminal
to obtain a good match. Where this
was done to obtain a match over a
broad frequency range, the long
electrical length of the helix re-
sulted in a closely spaced fine struc-
ture that was difficult to handle.

Spatial Beating

The helix coupler provides for
transfer of a traveling wave from
one transmission line to another.
This phenomenon has been used for
some time with waveguides and has
been termed spatial beating® of
coupled transmission lines. If there
exists a coupling between the two
transmission lines such that a wave

132

8

Tube within its capsule (A) and vacuum envelope (B) illusirating construction

Helix-Coupled

By PETER D. LACY

Heuwlett-Packard Company
Palo Alto, California

traveling in one of them induces a
wave in the other line that travels
in the same direction, the power
originally fed to one of the lines will
gradually transfer to the other.
Then the reverse process starts.
Thus the power transfers back and
forth between the two lines as
shown in Fig. 1A. The two require-
ments are that the individual trans-
mission lines have the same veloci-
ties of propagation and that the

coupling provides a forward wave.

In Fig. 1B, the normal coupling
between two conductors of different
transmission lines is shown. The
electric and magnetic vectors E and
H are shown and the resulting
Poynting vector S which determines
the direction of wave propagation
along the wire. The differential in-
duced electric and magnetic fields
dE and dH over distance dZ are
shown. Here the resulting wave

—~ LINE | N\
POWER
FLOW
AUNE2 ~
(A)
E
CONDUCTOR OF
EXCITED UN|

SECONDARY
LINE

(8)

// N N
4~ INSTANTANEOUS ~ AMPLITUDE
D)

i ~_
— ENVELOPE

Spatial beating (A) and the usual
Coupling of helical lines (C) and

FIG. 1-—Principles of transmission-line coupling.
cross coupling (B) are shown for iwo-wire line.
resulting space-beat patterns (D) are also shown
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Side and front views of traveling-wave amplifier unit containing tube, coupling circuits and regulated power supplies

Traveling-Wave Tubes

Fabrication and use of traveling-wave tubes are simplified by putting the coupling

circuits outside the vacuum envelope. This development may hasten general use of the

tubes in microwave svstems. Tubes described have 2,000-mc¢ bandwidth and 35-db gain

travels in the opposite direction as
shown by dS so that this coupling
does not cause spatial beating.
Energy can, however, be coupled
by two parallel helixes. Under these
conditions spatial beating can oc-
cur. This is illustrated in Fig. 1C
where a pair of concentric helixes
are shown wound with opposite
senses. A wave impressed on the
outer one (line 1) will travel down
and to the right. Where the pitch
angle is small, a wave will be in-
duced on the near helix that will
travel up but again progressing
toward the right. This backward
coupling over an incremental dis-
tance, together with forward coup-
ling in the overall structure, results
in spatial beating between oppo-
sitely wound helixes. Note that it
is possible to exchange power be-
tween the two helixes and that the
inner helix may be the traveling-
wave-tube helix in the vacuum
while the second one may readily be
constructed outside the vacuum.
Figure 1D shows the instantane-
ous amplitudes of the waves on a
pair of coupled lines. The coupled
wave is always 90 deg out of phase
with the induced wave so that the
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secondary effect of the induced
wave coupled back to the first line
gives a 180-deg phase shift to sub-
tract power from the original wave.
This is necessary to conserve power.
Both the phase and the space-beat
wavelengths are shown.

The fields of a pair of transmis-
sion lines not too tightly coupled
may be approximated by a linear
superposition of the individual
fields for the isolated transmission
lines. Under these conditions, the
electric or magnetic coefficients of

coupling for the pair of lines may
be defined as the ratio of the cross-
field-stored energy to the square
root of the product of the self-stored
energies of the two lines.

Helical Directional Couplers

If the electric and magnetic co-
efficients of coupling k are equal in
magnitude and the sign of the nat-
ural coupling for one of them has
been reversed, the space-beat wave-
length for transmission lines having
the same velocities of propagation
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FIG. 2—Coupling-loss, top left, and space-heat, bottom left, characteristics of helical
directional coupler together with its mechanical configuration, right
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FIG. 3—Cutaway view of helically-coupled traveling-wave amplifier illustrating how coupling circuits are arranged outside of vacuum

envelope

is the phase wavelength divided by
k. For this condition, the spatial
beat envelopes of the two lines are:
line 1 = cos kBZ and line 2 = sin
kBZ.

Thus helical directional couplers
can be designed to transfer energy
through the vacuum wall to and
from the inner helix. A satisfactory
directional coupler can be designed
using a quarter space-beat-wave-
length section. This means kBL

should be 2’—r Since both k and B

change with frequency, complete
transfer of power cannot be
achieved over a wide band. For
helixes B increases with frequency
and k diminishes. Eventually, the
fall-off of k& predominates since it
is exponential and 8 becomes linear.,
The approximate variation of k8L
is shown in Fig. 2, top left, where

=~ v in Pierce’s notation.? If the
spacing of the helixes ¢ is chosen
for the desired frequency range and
an appropriate coupled length L
is used then broadband operation
can be achieved. Figure 2, top left,
shows a coupler with a 0 to —1-db
coupling over a 10-to-1 frequency
range. Less than a 1-db fall-off in
coupling at the ends of the band has
been achieved in a 1-kme to 4-kme
coupler of a traveling-wave tube.
Furthermore outside of this band
the coupling falls off gradually and
never vanishes.

The matching of the velocities of
two helixes is not extremely critical.
The determining factors are the co-
efficient of coupling k and the rela-
tive velocity difference. When these
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quantities are equal, the power
transfer is down only one decibel.
Figure 2, left, shows the cross-
section of a helical directional
coupler with coaxial output. The
helix in the vacuum envelope slides
through the center of the coil. The
outside helix is computed as a 50-
ohm single-wire line over a ground
plane with a correction for the ad-
jacent wire. The outer helix can
feed directly into a coaxial cable,
The coupling helix is embedded in
Teflon. The inner radius of the coil
and the inner radius of the shield
are controlled to determine the
wire-to-sheath spacing. For two
tubes in the 2 to 4-kme range oper-
ating at 500 to 1,000 volts the
couplers are about #-inch long.

Attenuators

Previously, loss along a helix or
at an end termination was accom-
plished by resistive films or volume
mixtures. Often these had to be put
inside the vacuum envelope. The
microwave loss of either a lossy
film or solid is difficult to control
therefore where the loss was in the
tube, the shrinkage in production
could be very high.

It is desirable first to take the
attenuation out of the vacuum re-
gion and second to make the loss
easily reproducible.

A coupled helix on the outside of
the tube removes the energy from
the inner helix. This outer coupling
helix is wound of resistance wire.
Thus, both power transfer and loss
are accomplished simultaneously.

A practical helical attenuator is a

multifilar winding. A two or three-
conductor helix is necessary to
couple tightly to the inner helix at
high frequencies. One disturbing
feature of the helical couplers com-
pared with previous noncontacting
couplers is that since the pickup of
these couplers never vanishes, they
show up oscillations of the tube far
outside the desired operating range.
For a 2-to-1 operating frequency
range it has been necessary to con-
trol the attenuation over a 4-to-1
bandwidth. This control over only
4-to-1 was made possible through
helix dispersion at low frequencies
causing the tube gain to decrease
and increasing loss of the amplify-
ing helix at the high end.

Construction

Figure 3 shows a cutaway view
of the traveling-wave tube assem-
bled in its capsule. In the capsule
are the input and output helix
couplers, a multifilar resistance
wire coupled attenuator and a fast-
mode suppressor. These components
are inserted in the center notch of
the capsule. Precision machine op-
erations have virtually been elimi-
nated. The components are fabri-
cated by sawing, rolling, stamping
and plastic-molding operations.
This unit avoids machine operations
without sacrifice of performance.

An electromagnet and the associ-
ated power supplies are shown in
Fig. 4. The twt capsule mounts in
the magnet that is required to pre-
vent the beam from spreading and
being lost on the helix. The size and
weight of the magnet is undesirable
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FIG. 4—Connections to traveling-wave amplifier tube and its requlated power supply
illustrate circuit details of interest to designers

but at present it is necessary.
Promising developments are under
way now to replace the electromag-
net with a light weight permanent
one,

Tube Performance

The performance of the 1l-watt
amplifier is shown in Fig., 5. The
low-level gain and the maximum
power output are shown for a fixed
voltage setting and optimum voltage
setting at each frequency. Thus,
the amplifier provides at least 30-db
gain and 1l-watt output over the
2,600 to 4,000-mc range with a
noise figure of less than 30 db.

Another amplifier unit has been
constructed with 35-db gain, 25-mw
output and a noise figure of 15 to 25
db over the 2 to 4-kme range. This
tube was developed at Stanford
University® and has been converted

to the coupled-helix operation. This
low-level tube is equipped with a
modulating electrode.

Figure 5B is a double exposure
of the oscilloscope trace of a 0.4-mi-
crosecond video modulating pulse
and the following detected r-f pulse.
The modulating pulse required is
50 volts and the input r-f level of
the amplifier is sufficient to give full
power output for the amplifier. The
modulating pulse does not fully test
the capability of the tube since the
r-f rise and decay exactly follow
the modulation. The bandwidth of
the amplifier itself would pass a
millimicrosecond pulse. However,
some difficulties in tube modulation
have been encountered due to inter-
action of the leading edge of the
beam current pulse with the tube
helix in the video frequency range.

The slow-wave amplifying struc-
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FIG. 5—Povrer output and gain characteristics of twt amplifier and oscillogram (B) demonstrating its fast modulation
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ture introduces a time delay for the
signal. For the 1-watt amplifier
the delay time is 10 millimicro-
seconds and in the 25-mw amplifier
the delay is 20 millimicroseconds.

Applications

Tubes developed have been em-
ployed in microwave relay links
and wide range military receivers.

The tube should find wide accep-
tance also in antenna measure-
ments, checking attenuators or
measuring high standing-wave ra-
tios. It should be wvaluable in
measuring low-level impedance
characteristics such as the input
impedance to a crystal mixer. Here,
the amplifier can be employed be-
tween the slotted-line pickup probe
and the square-law detector to give
increased sensitivity.

While the amplifiers described
are for use in only the 2 to 4-kmec
region, other amplifiers are under
development for use in the 4 to 8
and possibly 8 to 12-kmec bands.

This development has been made
possible through the cooperation of
Huggins Laboratories and Stanford
University.

B. M. Oliver aided in formulating
the properties of coupled helixes.
D. E. Wheeler performed much of
the development work on the
coupled-helix eircuit.
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Fig. 1—Packaged power supply far oscilloscope, rated 4 kv at

5 ma, operates from 400-cps source

Fig. 2—Filament transformer for 34-kv application was tested at

70 kv peak. Rating is 500 volt.amperes at 60 cps

Iron-Core Transformers

By FRANK ROCKETT

Research and Engineering Division, Airborne Instruments Laboratory, Inc., Mineola, N. Y.

TRANSFORMERS and related com-
ponents, because they are among
the bulkier and heavier units in
electronic equipment, are frequently
manufactured to customer specifi-
cations to achieve &n optimum
design. Some companies, such as
Transformers Inc., stock ne units
but operate a sample department

equipped to manufacture small
quantities of unique designs on
order.

Others, like Kenyon Transformer
Co. and Industrial Transformer
Corp., stock a wide selection of
standard catalog units, thereby
achieving the economy of long pro-
duction runs and prompt delivery.

Previous Articles in Series

Part I: Fixed Capacitors Undergo Miniaturizatien, p 120, July 1954

Part I1: New Variable Capacitors Extend Tuning Range, p 130, Aug. 1954
Part I11: Fixed Resistors Show Stability Improvements, p 132, Sept. 1954
Part IV: Precision Potentiometers Use New Materials, p 144, Oct. 1954
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Such stock items include multi-
tap units for tube testing, current
transformers and magnetron pulse
transformers, along with standard
audio, plate and filament trans-
formers. Most companies follow
both practices; even those that be-
gan years ago as custom manufac-
turers today carry in stock units
that experience indicates meet a
common need.

Techniques reviewed here are be-
ing adapted by manufacturers to
such products as 60-cps and 400-cps
power transformers, audio, match-
ing, interstage and output trans-
formers, microsecond pulse trans-
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Fig. 3—Section of molded-in-resin transformer is examined under

microscope for quclity control

it

Fig. 4—Although top and bottom of cylindrical transformer

bulged out during pressure test, case remeains sealed

Run Smaller and Hotter

New core materials, coatings and insulating materials combined with new construction

techniques make modern iron-core components about half the size of their counterparts

a decade ago and permit operation at much higher ambient and hot-spot temperatures

formers wvariable reactors and
magnetic amplifiers. Althaugh most
manufacturers have evolved unique
variations of techniques and ma-
terials, those cited here by way of
example are representative of pres-
ent industry trends.

Protective Coverings

The case of a transformer, in-
ductor or solenoid protects the
windings from damage and holds
them in place.

Encapsulation, by which a unit
is completely cased by a plastic
sheath, permits substantial savings
in weight and size over a unit cased

ELECTRONICS — November, 1954

in metal; beth constructions her-
metically seal the transformer. The
Fosterite process, developed by
Westinghouse Electric Corp. and
licensed by many other manufac-
turers, is used in the units of Fig. 1
and 2. The packaged power supply
fits the same space as an oil-filled
unit of the same rating. One ad-
vantage of the plastic-cased unit is
that it eliminates oil leaks.
Fosterite and other polyester res-
ins and, more recently, the epoxy
resins have enabled impregnation
and encapsulation to provide the
moisture-sealing and insulation re-
quired by industrial and military

environments in a light and com-
pact unit.

Experience at Deluxe Coils, Inc.
is representative. Their engineers
experimented with various polyes-
ter resins and with epoxy resins for
coil forms and for coverings. On
the basis of the required production
controls, they developed a formula-
tion of catalyst and liquid base to
give a modified epoxy resin and in-
sulation termed Luxolene. This
protects coils from moisture as
around solenoids for aperating re-
frigerator valves, and also gives
protection from vibration in mag-
netic motor starters. Where the
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® Most custom manufacturers have changed policy and now carry
some high-demand items in stock

¢ Encapsulation with Fosterite and other polyester resins or with
epoxy resins reduces both weight and size

o Silicone-impregnated glass-fiber insulations increase operating
temperatures of encapsulated units

plastic is molded about the coils,
the enhanced dimensional stability
provides closer fits that ease assem-
bly and help heat transfer. Fur-
thermore, molded coils withstand
heat better than varnish-impreg-
nated coils; Luxolene is rated for
continuous operation at 105 C.

To be effective, encapsulation
must fill the transformer and the
resin must cure completely. Stand-
ard sampling procedures used at
United Transformer Co. involve
slicing and examining randomly
chosen units as in Fig. 3; maximum
data is obtained from each trans-
former thus destroyed.

Plastic-encapsulated transform-
ers such as those produced by Telec-
tro Industries Corp. to meet military
requirements are, in some cases,
considerably less effective than
conventional hermetically sealed
units, weigh less, are easier to in-
stall (partly because leads are a
part of the assembly) and can be
made in odd shapes rather than
conform to a standard steel case.

Performance requirements of
government specifications can be
met for hermetically sealed units in
eleven sizes of drawn steel cases
with silicone or other leak-proof
bushings. Units in drawn cases,
because of their predictable per-
formance especially under overload,
offer great mechanical protection.
For example, the UTC cylindrical
unit of Fig. 4 withstood an internal
pressure of over 500 psi; the top
and bottom bulged only 0.25 inch.

Where other factors dominate,
General Electric casts Permafil
around core and coil assemblies to
provide a ghatter-resistant struc-
ture approximately 20 percent
smaller and lighter than metal-clad
units of comparable ratings. For
applications where size and weight
are critical, open core and coil units
are protected from moisture by a
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coat of Permafil covering material.

Toward increasing the operating
temperature of such encapsulated
transformers, Central Transformer
Co. is developing insulations of
Teflon and of silicone-impregnated
glass fiber. A high-voltage insu-
lated filament transformer sealed in
glass provides complete immunity
from moisture and operates experi-
mentally at temperatures close to

CEELTR

Fig. 5—Multiple-winding high-tempera-
ture aircraft transformer is vacuum-
impregnated with silicone resin

those of vacuum-tube envelopes.

The success of such molding prac-
tices has stimulated improvements
in older practices. At Sylvania Elec-
tric Products, Inc., the seals of oil-
filled units are inspected using the
Veeco mass spectrophotometer just
as is done in the vacuum-tube and
lamp bulb industries. By substi-
tuting this method for the oven or
immersion test, Sylvania locates
pinholes and cracks that may pos-
sibly be filled with resin and thus
not show in the conventional test.
Even minute areas of porous or cold
solder seals are revealed.

Together with other advances di-
rected at automatic production of
transformers, such as winding
sheets of copper foil and insula-
tion into a roll and slicing the roll
into wafers, for automatic assem-

bly into coils, Sylvania is molding
a variety of components. These in-
clude interstage audio transformers,
reactors, small pulse transformers
and a 100-va low-capacitance fila-
ment transformer, This unit, rated
for 35 kv breakdown, has a capaci-
tance less than 20 ppf because
the low dielectric constant of the
resin minimizes capacitance be-
tween windings while its mechani-
cal and dielectric strength combine
to produce a durable insulated unit.

Compactness and light weight
are features of airborne transform-
ers. Examples made by Laboratory
for Electronics are shown in Fig. 5
and 6.

Design techniques for airborne
transformers have been adapted
by Electro Engineering Works to
high-power transformers (1 to
100 kva) such as plate and mo-
dulation transformers and filter

Fig. 6—Immersion-resistant light-weight
transformers are vacuum-molded in
thermosetting polyester resin

reactors. In this open-frame core-
type construction, two coils are used
to obtain thinner coils with conse-
quent greater exposed surface per
volume than in the more common
shell-type construction. Heat trans-
fer is improved with a resulting
smaller size for a given power
rating, greater overload capacity
and more response to forced air
cooling. Over-all reductions in size
and weight exceed 50 percent in
many applications. The coils are
protected by a fiber layer with its
ends sealed against dust and mois-
ture.

Wire and Wire Insulation

Impregnation and encapsulation
inherently provide insulation within
coils; these techniques augment but
do not replace the insulation of the
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wire and the insulation introduced
within the coils during winding.
For example, to prevent turns of
one layer from pulling between
turns of a lower layer, insulating
yarn is wound into the coil simul-
taneously with the wire by Chicago
Standard Transformer Corp., giv-
ing the matrix of Fig. 7.

Before coils are impregnated they
are usually wrapped. In lieu of the
normal Kraft paper outer wrapper,
the UTC coil of Fig. 8 is wrapped
with Mylar pressure-sensitive tape.
This tape, in addition to its advan-
tageous electrical properties, is
transparent and thus permits 100-
percent inspection of the location
of wires and insulation after the
coil is completed. More important,
the operator can see the unit as he
wraps it, to maintain a high quality
of workmanship. The numerous
small power and audio transformers

Fig. 7—Glass yarn serves as matrix
and glass tape insulates terminal lugs
in high-temperature open transformer

of radio receivers are benefiting
from such advances in internal
insulation. Mylar as interlayer and
interwinding insulation and sili-
cone enamel as wire insulation make
such UTC units as the one shown
in Fig. 9 more compact.

Much of the advance in trans-
formers is resulting from improved
techniques for handling wire. The
trend continues to smaller wires;
for example, Universal Manufac-
turing Co. winds toroids for mag-
netic amplifiers, pulse transformers
and filter coils in experimental or
p.oduction quantities with wire
sizes No. 10 (0.1019 inch) to No.
42 (0.00249 inch), the latter wire
being wound to an inside diameter
of less than 0.25 inch. Torwico
Electronics offers to wind special
miniaturized toroids with No. 48
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wire. It is difficult to remove the
tendency to kink from drawn wire
much smaller than this.

Lead wires used in small control
transformers are wound at Con-
trol Corp. with Lenz Co. Plascot
stranded wire. This sort of wire
has advantages over previously used
wires inasmuch as it does not crack
after being coated with impregnat-
ing varnish. These machine-tool
transformers are engineered for
operation on both 50-cps and 60-
cps lines with export trade in mind,
as are many other power transform-
ers.

Reduced Size

The steady reduction in trans-
former size over the past decade is
demonstrated by the UTC 90 to
150 cps radio navigation filter of
Fig. 10, which now retains original
performance in a quarter of the

can be

Fig.
visually inspected after completion for
location of wires and insulation of wires

8—Mylar-wrapped coil

original volume. This has been ac-
complished for the most part by
improved core materials.

As another example, even the
terminals of the line matching
transformer of Fig. 11 were rede-
signed by Audio Development Co.
to realize the utmost in miniaturi-
zation,

Extreme reduction in size, even
though core losses may also be cut
down, reduces the outside area
available for cooling. Were it not
that the smaller units shorten the
thermal conduction path to the case,
heat dissipation would prohibit fur-
ther significant reduction in size.
Even so, miniature units are fre-
quently engineered for higher hot
spots than were feasible a few years
ago. Experience at New York
Transformer Co. indicates that

polyester resin is satisfactory to a
hot spot of 185 C, silicone varnish
to 200 C, and silicone rubber holds
possibilities for surpassing these
limits.

The extreme in miniaturization
illustrated by the UTC unit in Fig.
12, although possibly giving an ex-
aggerated impression of what is
being done, is pioneering the way
for the future. With Ferroxcube
as a Potcore material, inductors are
made by Micro Instrument Co. in
miniature uncased units weighing
less than 0.5 oz that are suitable for
mounting on terminal boards by
their own leads. In phenolic-cased
units, these are adaptable to direct
mounting on the chassis. The high
permeability of Ferroxcube, which
it retains better at high tempera-
tures than do older core materials,
gives these inductors a high Q in re-
lation to their size. Standard units

small

make
radio and amplifier transformers more
compact and improve performance

Fig. 9—New materials

range in inductance from 2.2 to
220 mh rated for operation from
5 to 500 kc; special units have
been manufactured with induct-
ances over 1 h for operation from
400 cps to over 1 me. For frequen-
cies above 75 ke, inductors are
wound preferably on Ferroxcube-
core toroids.

At Telex, Inc., hearing-aid trans-
formers having a substantially flat
response from 150 to 1,500 cps are
wound using 1-mil wire. These
units are designed to plug into
standard miniature sockets for
printed-circuit construction or to be
wired directly into the circuit as in
hearing aids. Units operate at
power levels up to 20 mw and d-c
primary currents up to 1 ma.

The trend toward miniaturization
has been considerably accelerated
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Fig. 10—Radio navigation filter (left) as manufactured during the war, (center)
as produced around 1950, and (right) as made today using new insulating
materials, new core material and new miniaturizing techniques for construction

® New winding techniques improve electrical performance charac-
teristics

e Use of transparent Mylar pressure-sensitive tape aids inspection

of coil leads

e Miniature uncased units having Ferroxcube cores can be sup-

ported by own leads

e Tape-wound, punched or powdered-iron toroidal cores cut losses

by the transistor. Union Electric
Products Co. has, for example, de-
creased the weight of a standard
subminiature transformer from 5
grams to 2.25 grams. Size is now

X & x 3% inch, compared with
7+ X % % £ inch for the older model.
The new units are available as
chokes and input, output or inter-
stage transformers. Nickel alloy is
used for laminations, which are an-
nealed specially; the wire is wound
on a bobbin completely free of acid.

P

“

Improved Cores

Tape-wound cores, especially tor-
oids, minimize air gaps. These are
made up by transformer manufac-
turers or by suppliers such as Mag-
netics, Inc. which winds toroids
with inside diameters from 0.375 to
4.500 inch, outside diameters from
0.500 to 6.500 inch and heights from
0.125 to 4.500 inch, using tape from
1 to 6 mils thick of such materials
as Hy-Mu 80 (799 Ni, 179% Fe,
49% Mo), 48 Alloy (489% Ni, 529
Fe), Orthonol (509% Ni, 509% Fe),

Magnesil (97% Fe, 39 Si) and
others of similar composition.
Flat laminations stamped as

rings, EE and IE shapes continue
to fill many needs. Arnold Engi-
neering Co., for example, winds
cores of grain-oriented silicon Silec-
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tron steel as cut C and E cores
and uncut rectangles and toroids
weighing from less than an ounce
to hundreds of pounds. Moly-Perm-
alloy powder cores are produced for
loading coils, filters and broadband
carrier networks operating up to
200 ke. Such cores cast as toroids
possess low eddy current and hys-
teresis losses and constant perme-
ability over a wide range of flux
density.

Continuing development between
Armco Steel Co. and Westinghouse
has produced a 4-mil grain-oriented
Hipersil steel core material for
transformers operating at high in-
ductances and high temperatures. It
has been used successfully in the
Westinghouse 400-cps three-phase
cores illustrated in Fig. 13. Faces
of the cut core are flat to give a
small air gap. This material can
be operated at an induction of 16
kilogauss with only 1 oersted mag-
netizing force and a core loss of
8.5 w per lb, or 18 kilogauss with
10 oersteds and a loss of 15.5 w.
Such developments account for
much of the miniaturization accom-
plished in the past five years.

Significant advance in trans-
former design has come about as
the result of military-sponsored de-
velopment. One such program of

Fig. 11—More compact construction of minia-
turized impedance-matching transformer that
equals performance of earlier unit

the Department of the Army Signal
Corps, carried out by Chicago
Transformer Division of Essex
Wire Corp., had as its objective the
design of hermetically sealed and
open transformers for both 60 and
380-2,400 cps operation; the units
were to be of as small a size and
weight as practical while using
commercially available materials.

A comparison of sealed and open-
type transformers developed under
this project shows that each her-
metically sealed transformer can
have an electrically equivalent de-
sign in the open-type construction.
The choice of construction to be
used depends upon the environ-
mental conditions under which the
transformer is to be operated and
upon such considerations as weight
and space.

Heat Problems

Some hermetically sealed trans-
formers are able to dissipate more
power than an equivalent open-type
transformer due to their greater
radiating surface afforded by the

Fig. 12—Subminiature transformer less
than 0.5 inch cube has nylon coil form
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case. From this it follows that, for
those designs which are limited by
temperature rise, the coil and core
of a sealed transformer can be
made smaller than the coil and core
of an open transformer of equal
rating.

Designs which are limited by
voltage regulation cannot always
take advantage of this condition.
In some cases, the regulation is
critical enough to require the same
core size for both sealed and open
tvpes.

A comparison of core and coil
weights and completed weights for
plate transformers limited by tem-
perature rise shows that the in-
crease in weight of a sealed unit
compared to its equivalent open
tvpe is less than the weight of
case, cover assembly and filling ma-
terial by an amount equal to the
difference between core and coil
weights. Some variation in this
generalization is necessary if the
transformer is mounted in a stand-
ard case appreciably bigger than
that strictly necessary.

Core Design Factors

Among the considerations on
which these results are based is a
comparison of wasteless laminations
and C cores. Two transformers
were designed to have as nearly as
possible the same finished weight.
Both cores were made from Armeco
4-mil material. The same winding
baildup on a percentage basis was
used for both designs. Because
previous tests had proved that at
least in the size used for this com-
parison (1.6-1b weight of core and
ceil), magnetizing current was the

paramount factor in determining
the operating flux density. The
transformers were designed for
400-cps operation so that the re-
sults could be applied to 60 cps. The
C core has the smaller core section.
The copper to core ratio is 0.28 for
the lamination design and 0.73 for
the C design.

The two transformers were run
simultaneously in a test chamber at
a series of primary voltages to op-
erate the cores at different densi-
ties. A series of secondary cur-
rents were drawn at each primary
voltage. Output voltage and tem-
perature rise were measured. The
data show that, at any specified
temperature rise, the C-core trans-
former provides about 14 percent
more va per pound and reaches its
optimum at a higher density than
the wasteless transformer.

The matching core surfaces of
the C core were carefully polished.
The laminated core was constructed
with unannealed punchings, with
centered holes at its corners. Thus,
with an improved wasteless lami-
nation, the difference between pro-
duction units might be less than
that observed here.

The mounting dimensions for
sealed and open-type transformers
can be identical for equivalent
units; therefore, the chassis area
required for mounting is substan-
tially the same for both types. The
open construction requires less
height above the chassis and, in
general, more depth below to accom-
modate the exposed portion of the
coil.

Hermetically sealed transformers
may be operated at high altitudes

(barometric pressures as low as
1.82 inches of mercury) by reduc-
ing the load current to 90 percent
of its rated value. Modification of
the terminal bushings may be neec-
essary, however, to prevent arcov-
ers at the reduced pressures. Open-
type transformers with terminal
voltages in excess of 750 volts are
not generally used in unpressurized
equipments.

Audio Transformers

Recent effort in audio transform-
ers has been directed toward
tighter coupling between sides of
push-pull  output transformers.
Acro Products Company has devel-
oped a special arrangement of split
windings to obtain tight coupling
that permits essentially equivalent
response in performance on all taps.
Production techniques and equip-
ment, such as multiple traverse
winding machines which permit
production facility and economy
even with extensively interleaved
and pi-wound designs, have been de-
veloped. This special coupled ter-
tiary winding supplies d-¢ voltage
for the screen grids of push-pull te-
trodes and at the same time pro-
vides a-c loading on the screens to
assure linear operation. One such
transformer having a primary im-
pedance of 6,600 ohms has a power
rating of 100 w from 20 cps to 20
ke, a frequency response within
1 db from 7 cps to 70 ke, occupies a
volume of about 100 cu in. and
weighs 14 1b.

Grain-oriented strip-wound C
cores are used by Partridge Trans-
former Ltd. of England in a line of
high-fidelity transformers. Design

Fig. 13—Core, assembled unit and coated three-phase transformer with secondary rated 25 volts line to neutral at 3 amperes. Faces
of cut core are precisely machined to give small air gap.
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* Hermetically sealed transformers can be smaller than open units
because of improved heat dissipation from case

e Thermostats and heating elements improve stability of miniatur-

ized inductors

e Split windings give tighter coupling to improve frequency response

of audio units

e Plated tracks and improved brushes make life of‘variable trans-
formers equal to that of corresponding fixed-ratio transformers

is such that considerable negative
feedback can be taken from the
secondary and injected into the cir-
cuit three or four stages back.
Transformer insulation is adequate
for a 500-volt supply line with full
class-B swing.

Use of Toroidal Cores

Toroidal chokes, such as pro-
duced by Communication Accessor-
ies Co. and others, provide, for ex-
ample, a Q of 200 at 6 ke for a
36-mh unit in molded plastic 2
inches in outside diameter and 1
inch high, or a Q of 60 at 800 cps for
a similar 36-h unit. Where neces-
sary, such units are readily hermet-
ically sealed in high-permeability
cases that also minimize stray coup-
ling.

The tight coupling available from
the toroidal core has been used by
General Radio Co. in an impedance-
matching or bridging transformer
and in the output transformer
shown in Fig. 14. For tightest
coupling, each half of the primary
winding covers the complete cir-
cumference of the toroid, giving

thereby extremely tight coupling
between the two halves of the pri-
mary. Switching transients which
occur with class AB operation in
conventional push-pull amplifiers
are thereby minimized.

Where low capacitance between
windings and a more extended high
frequency range is desired, the
loose-coupled connection is used in
which each half of the primary
winding is on a separate semicir-
cumference of the toroid. Such
arrangement gives more leakage re-
actance between the two halves of
the primary. The 6,600-ohm pri-
mary has an inductance of about
24 h at initial permeability. This
cylindrical transformer is rated at
90 w continuous with an ambient
temperature of 35 C and no d-c on
the windings; it occupies about 60
cu in., weighs 7 1b and is insulated
for 200 v between individual wind-
ings and between each winding and
case.

For the utmost in stability the
UTC miniaturized inductor of Fig.
15 combines in one case a high-Q
toroid for use in an oscillator or

filter, a mica capacitor, a thermo-
stat and a heating element to pro-
vide high stability over a wide
temperature range.

The techniques and materials re-
viewed here are applicable to all
types of magnetic inductance de-
vices, such as saturable reactors
and magnetic amplifiers, and are
being adapted to motors and relays.
They are also being used in con-
tinuously variable autotransformers
such as the General Radio Variac
and the Superior Electric Co. unit
of Fig. 16.

Variable-Transformer Life

Life of such units depends
greatly on the durability of the
track. To achieve a life under
rated load essentially the same as
that of a fixed-ratio power trans-
former, General Radio coats the
track with a corrosion-resistant sil-
ver alloy that prevents deterioration
of the copper wire under the brush.
The elevated temperature which in-
evitably occurs under the brush
had, in older units, accelerated the
formation of high-resistance cop-
per oxide which caused failures in
units left without maintenance or
at one setting for long periods of
operation. The silvered track
should be cleaned occasionally with
an alcohol-moistened rag. The com-

mutator of the unit shown in Fig.
16 is rhodium-plated for a similar
purpose.

Acknowledgments
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Fig. 14—Toroid output transformer struc-
ture provides tight coupling between
windings and efficient use of core
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Fig. 15—Where utmost temperature in-
dependence is required, toroid unit in-
cludes thermostat and heater

Fig. 16—Variable aqutotransformer is
convenient laboratory tool. widely ap-
plicable for voltage control
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Rear and exploded views of electrostatic speaker. Electrodes consist of cylindrical diaphragm and gold foil on polyethylene dielectric,

0.0012 in. thick. Perforations in the diaphragm reduce back-loading and prevent nonlinear movement.

ment of dielectric and gold foil

Sound is generated by move-

Electrostatic Speaker
Accents High Frequencies

Inexpensive capacitor-type speaker has range of 7,000 to 15,000 cycles per second, with

good polar response in horizontal plane, permitting design of economical radio receivers

and phonographs capable of wide-range audio reproduction

TSE of an electrostatic loud-
Uspeaker to reproduce only the
higher audio frequencies is not new.
The unit to be described is designed
to provide better distribution of the
higher frequencies. It also has a
relatively uniform response
throughout its range and a low de-
gree of distortion when fed through
the proper network.

As shown in the photographs the
speaker consists of a stiff curved
perforated copper-backed plate,
firmly mounted in a molded-plastic
housing with a gold-sprayed insu-
lated foil tensely stretched over
it. The sieve-like copper plate
serves as one electrode and the
gold film serves as the other. The
electrodes and insulating foil form
a capacitor of approximately 4,000
wpf. The gold electrode, which is
at the front of the speaker, is at
ground potential and is protected by

* Now consulting engineer, Southbridge,
Mass. and Chicago, Il
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Vice-President and Director of Engineering
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a thin wide-mesh cloth covering.
Acoustical reproduction results
from the forces established in the
dielectric due to the variations of
potential between the plates.
Early models of electrostatic
speakers had two major disad-
vantages: sufficient movement to
reproduce the full audible-fre-
quency range at any reasonable
power level could not be attained

Front view of electrostatic speaker

without high driving power and a
high polarizing potential; physical
ical properties of dielectric mater-
ials were such that voltage break-
down was a common occurence.

The first problem is solved by con-
fining operation of the capacitor
speaker to the approximate range
of 7,000 to 15,000 cycles. This
keeps the energy content of the
signals fed to the speaker at a low
level eliminating the requirement
for a large movement of the dia-
phragm. Thus, both the driving
voltage and the polarizing poten-
tial are kept within the bounds of
values available in an inexpensive
amplifier. In the same way, the
problem of voltage breakdown is
minimized by the low polarizing
potential. An additional safety
factor is provided through the use
of Styroflex or polyethylene dielec-
trics giving a unit having a break-
down limit of 1,000 volts, which is
four times the average polarizing
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FIG. 1—Speaker input versus output at
12,030 cps with 250-v dc polarization

potential of 250 volts required by
the speaker described here.

Polarizing Voltage

The electrostatic speaker is a
voltage-operated device. To handle
any given value of a-c input voltage,
it is recommended that a d-c polar-
ization potential of twice the value
of the highest value of peak a-c
modulation voltage occurring in
practical use be applied to the unit
in conjunction with the audio
voltage. A polarizing potential of
+250 volts is a typical value. How-
ever, the speaker can handle an
audio input voltage up to a maxi-
mum of 150 volts peak.

Potentials of 250 to 300 volts are
readily obtainable from the B+
supply of most audio amplifiers
using transformer power supplies.

The relationship between the
speaker input and output at 12,000
cycles is shown in Fig. 1. Zero db

FIG. 2—Electrostatic speaker response curve, Quiput is flat plus or minus 4 db over range

of 7,000 to 15,000 cycles per second

is taken in this case as a sound in-
tensity of 10" watts per sq em. It
can be seen that a low level of dis-
tortion will be realized from this
linear characteristic. The response
curve of the speaker throughout
the range of 7,000 to 15,000 cycles
is shown in Fig. 2. Note that the
output is relatively free of peaks
and quite uniform throughout the
upper register.

Frequency Distribution

Most past designs of electrostatic
speakers utilized flat electrodes.
Such configurations when driven
by higher audio frequencies usually
produced a concentrated pattern of
radiated energy and was not the
most suitable for covering more
than a very limited angle directly
in front of the unit. The photo-
graphs show how the speaker being
described is curved in the horizontal
plane to provide a wider distribu-

tion of higher audio frequencies.

Figure 3 shows the speaker’s
polar pattern in the horizontal plane
at 12,000 and 15,000 cycles. Al-
though the pattern is somewhat re-
stricted in the vertical plane (30
degrees at 12,000 cycles), the
speaker is physically at such a level
in a table model radio that the
pattern covers the listener quite
well, particularly when seated. In
console models where the cabinet
design requires that the speaker be
located below the ear level of the
seated listener, the tweeter may be
tilted upward at a sufficient angle
to provide excellent ear-level re-
sponse within the limits of the
horizontal pattern indicated by the
curves.

Circuits

A typical audio-amplifier output
circuit for driving the electrostatic
speaker in conjunction with a

0
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FIG. 3—Polar-distribution pattern of electrostatic speaker at two frequencies
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FIG. 4—High-pass coupling network
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standard low-impedance cone
speaker is shown in Fig. 4. The cir-
cuit for a push-pull output stage
utilizes component values similar
to those of a single-ended output
stage. However, the network feed-
ing the tweeter is connected across
only one-half of the output-trans-
former primary in the push-pull
case.

The loss in high-frequency drive
by this arrangement is adjusted
by increased high-frequency com-
pensation within the amplifier or
by using a less efficient cone
speaker to achieve the required
tonal balance between highs and
lows. In either case the electro-
static speaker is fed through a low-
cost network, consisting of 0.003-uf
and 0.01-pf capacitors and a 60-
millihenry inductance. This eir-
cuit attenuates the audio voltages
below 7,000 cvcles, with the shunt
inductance keeping the impedance
high in the operating range of the
speaker.

All of these coupling network
components, including the resistor
feeding the polarizing voltage, are
low-cost items and contrast in this
respect with the large capacitors
and inductances associated with
crossover networks of low-imped-
ance cone and compression-type
tweeters. An even simpler network
consisting of capacitors and resis-
tors is sometimes employed.

An interesting aspect of this cir-
cuit design is the possibility of re-
ducing the output transformer cost.
The problems of providing an ade-
quate output transformer are nor-
mally complicated by the necessity
for it to pass both ends of the audio
spectrum with equal fidelity. The
transformer design may be simpli-
fied and its cost reduced if the
transformer can sacrifice perform-
ance at either end of the frequency
range. Since the tweeter is fed
from the primary, the output trans-
former need not be capable of pass-
ing the highest frequencies with
full fidelity. In faet it can provide
an artificial crossover in so far
as the low-frequency speaker is
concerned, if it favors the low and
middle frequencies and allows the
higher frequencies to diminish.
This situation may be exploited
fully if the negative-feedback volt-
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the primary instead of the sec-
ondary.

Efficiency

The fact that the efficiency of
this electrostatic tweeter is some-
what less than the average ex-
pensive high-frequency loudspeaker
might appear to offer serious limi-
tations to its satisfactory perform-
ance. However, upon viewing the
application of this tweeter in a
complete system, such as a pack-
aged phonograph to be produced
by one organization with all of the
design parameters under control,
the situation is somewhat different.
Modern microgroove recordings
have high-frequency preemphasis
of the order of 12 to 18 db (0 db
at 1,000 cps) in the frequency
range of 10,000 to 15,000 cycles.
Also, f-m transmissions have a 75-
microsecond preemphasis resulting
in a boost of about the same magni-
tude as that on the new micro-
groove records. It is standard
practice in high-fidelity equipment
to attenuate this boost of high fre-
quencies either at the front end of
the audio amplifier in the record
compensator or to attenuate them
after the detector in the f-m case.
However, if these highs are allowed
to feed through to the output cir-
cuits of the complete system to the
extent required for a given degree
of fidelity, the high-frequency
speaker can be much less efficient
than a so-called ideal loudspeaker
and still provide high-frequency
response at a level comparable with
that of such an ideal unit driven by
an amplifier system preceded by
conventional arrangements for pre-
emphasis attenuation.

Life Expectancy

With regard to life of operation,
in a typical test 6 watts of 10,500-
cycle audio were applied to the
speakers for more than 2,000 hours
without interruption, while the unit
was simultaneously acoustically
vibrated by the 50-cycle output of
two large cone speakers mounted
on the same baffle. The speakers
tested withstood this test without
deterioration and without changes
in the measured values of their
characteristics.

This test indicates that these

speakers have useful life character-
age for the amplifier is taken from
istics not unlike those of dynamic
cone speakers.

When the speaker was driven
beyond the 1,000-volt breakdown
limit, occasional flashovers healed
without permanent damage. Also,
tests conducted in a humidity of
96 percent showed satisfactory per-
formance. With polarizing poten-
tial applied, the resistance of the
insulation dropped from 100 meg-
ohms for dry air to a few megohms
under high humidity conditions.
Without polarizing potential ap-
plied, the resistance dropped to a
value as low as 1 megohm under
high humidity, but returned to
normal, when the unit was re-
moved from the test room. No
permanent damage resulted from
high humidity even when the
speaker was operated under these
conditions.

Application

Using the electrostatic speaker,
overall tonal balance will depend to
a large extent upon the care with
which the cone speaker is chosen.
It should have as good low-fre-
quency response as is consistent
with the price class of the unit into
which it is designed and should
have a middle and high-frequency
response that blends with the char-
acteristic of the tweeter. It must
also be carefully designed to mini-
mize intermodulation distortion
and frequency-doubling. For the
listening levels required in the
average living room, with proper
volume-control compensation, it
has been found that excellent tonal
balance and a low level of distor-
tion are realized with the design
described.

In the Western zone of Germany,
electrostatic tweeters are most
widely used in table model radios
and in conjunction with 8-inch
cone loudspeakers whose resonance
characteristics are established at
the lowest frequency -consistent
with cost considerations, in cabinets
of limited volume,

The courtesy of the Korting
Radio Werke in furnishing their
receivers as well as some of the
performance data for the electro-
static speaker is acknowledged.
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Radar Offers Solution

Continuous-wave Doppler technique provides advance recognition of collision threats.

Evaluation of collision potential is obtained automatically by measurement of closure

rate, deviation of closure rate and deviation of closure angle

REVENTION OF COLLISIONS be-

tween airplanes in flight con-
stitutes one of the air transporta-
tion industry’s most acute growing
pains. Between 1946 and 1953, air-
line airplanes were involved in 15
midair collisions. In addition,
hundreds of near misses have been
reported and numerous others have
no doubt gone unnoticed or unre-
corded in many instances.

One approach to the collision
problem embodies the use of some
form of airborne radar to provide
recognition of collision threats in
advance. This article describes the
means whereby prior recognition of
such threats can be achieved and
discusses the applicability of pulse
and continuous-wave radar tech-
niques.

Recognition Criteria

Determination of present posi-
tion involves distance (range) and
angular position (closure angle).
Estimation of future position neces-
sitates, in addition, a knowledge of
the speed of approach (closure
rate) and the rate-of-change of
closure angle.

The behavior of closure rates and
closure angles of two converging
aircraft is related to the collision
potential present."* An approaching
plane whose closure angle remains
constant is on a collision course;
the more slowly the angle changes
the closer the approach to a col-
lision course. Concerning closure
rate, a constant rate is a definite
collision indication; the more slowly
it varies, the closer the approach
to collision conditions. For ex-
ample, as the planes in Fig. 1A
approach the collision point, the
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closure angle and the closure rate
remain constant. In the near-miss
case in Fig. 1B, the range does not
decrease uniformly and plane X
arrives at the course intersection
before plane Y. The greater the
miss-distance the larger the rate-
of-change of closure rate and
closure angle.

Means must be provided whereby
more than one aircraft may be de-
tected and the most dangerous one
singled out. In this respect, the con-
cept of closure time 1is useful.
Closure time is the ratio of range
to closure rate and is defined as
the time it would take an aircraft
to arrive if it were to continue at a
constant closure rate.

Figure 1C shows how closure
time can be used for target dis-
crimination. The closure time of X
(closing on Z) is 12 seconds and
the closure time of Y (also closing
on Z) is 36 seconds. We can there-
fore conclude that the closest target
is not necessarily the most danger-
ous since A will be the first to
arrive at a collision point.

In the past, all fatal midair col-
lisions involving air carriers have
occurred when visibility was good.
In many cases the accidents could
have been prevented had either
pilot known of the presence of
the other aircraft. An approach to
the collision problem which would
take advantage of the eye’s remark-
able capabilities when visibility is
good and simultaneously make up
for its deficiencies when visibility
is poor, would be very effective.
A radar, by merely alerting the
pilot, would be effective in prevent-
ing an appreciable number of col-
lisions. In addition, the radar could

serve as an all-weather warning de-
vice by supplying essential infor-
mation to the pilot under instru-
ment conditions,

Radar Collision Prevention

Tests have indicated that ordin-
ary search radars are inadequate
for collision prevention. Large
echoes from the ground can mask
weaker aircraft echoes, making it
difficult to detect and identify air-
planes on a plan position indicator.
The requirement for constant sur-
veillance of the radar scope would
be unrealistic even if aircraft
echoes were discernible. Estima-
tion of future position is relatively
difficult and uncertain from a
presentation of present position.
Finally, extraction of a target’s
closure rate from a pulse radar re-
quires complicated techniques.

Some of the disadvantages as-
sociated with pulse radar in the
collision warning application can
be largely overcome by utilization
of continuous-wave Doppler tech-
niques. One important aspect of c-w
radar is its ability to measure
closure rates accurately by use of
the Doppler effect.

The Doppler phenomenon ap-
pears as an apparent carrier fre-
quency change in radar echoes
from moving targets. When de-
tected in the radar receiver, the
frequency of energy thus reflected
differs from the frequency at
transmission by an amount accu-
rately proportional to target
closure rate. By measuring this
difference, closure rate can be de-
termined. With a c-w radar it is
only necessary to compare the fre-
quency of the received signal
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to Midair Plane Collisions
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as for higher rates. For high-
speed targets, the search by closure
rate method is at its best.

from other aircraft. In Fig. 2B,
however, ground echoes are dis-
tributed about the aircraft’s
ground speed of 300 mph. The
target’s closure rate of 600 mph.
places its echo beyond the ground
return, effectively reducing ground
clutter and permiting detection of
aircraft at ranges exceeding those
obtainable with search by range
systems.

For closure rates which place
aircraft echoes in the ground clut-
ter, a loss in maximum range re-
sults. This condition is not as
serious as one might at first sup-
pose, since for lower approach rates
early detection is not as imperative

with that of the transmitter; with
pulsed radar this is more difficult
because of the on-off character of
its transmission. Ranging can be
accomplished with c¢-w radar if
carrier modulation is used.®

Antennas

Measurement of closure angles,
whether by pulse or c¢-w radar, is
generally accomplished through
use of special antenna configura-
tions. Such systems are complex if
large regions are to be searched
and complications result from air
frame space limitations. Further,
if high angular resolution is de-
sired, antenna physical dimensions
are large., Therefore, it is neces-
sary to restrict measurement of
closure angles to rough approxima-

Search by Closure Rate

A  radar system’s maximum
range capabilities at low altitudes
are improved by an ability to
categorize targets by their closure
rates. Figure 2 illustrates how a
search by closure rate system is
superior to search by range. In
Fig. 2A, echoes from the ground,
received from a wide spectrum of
ranges, tend to smother reflections
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FIG. 2—Aircraft echoes are smothered by ground clutter in search by range method used FIG. 3—Block diagram shows basic con-
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figuration of experimental single-target
computer
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tions and to rely on these measure-
ments primarily for determining
the appropriate turn direction for
avoidance of an impending colli-
sion. Future development of im-
proved techniques for angle meas-
urement may make possible the use
of the constant-angle criterion for
prior collision recognition.

To reduce the pilot’s work load
and to relieve him of the necessity
for watching the radar output con-

tinuously, a combination radar-
computer type system is desirable.
Evaluation of the collision potential
is then accomplished automatically
by measurement of closure rate,
deviation of closure rate and obser-
vations of closure angle deviation
if technically feasible. The appro-
priate data and decisions of the
computer would then be displayed
in the cockpit by a suitable indi-
cating device.

Computing Circuits

A block diagram of the computer
is shown in Fig. 3. The tuned a-f
amplifier automatically locks upon
the received signal’s frequency and
its output is amplitude-limited
and injected into a counter, which
supplies a voltage proportional to
closure rate ds(t)/dt. Holding cir-
cuits establish the closure rate at
initial instant of lock-on ds(0) /dt,
maintaining it while the signal

FIG. 5—Amplifier response at three dif-
ferent frequencies

changes in accordance with a chang-
ing closure rate. The difference,
ds(0)/dt — ds(t)/dt, is obtained
in a comparator and in addition, the
closure rate signal is differentiated
to determine d°s (t)/d¢t.

Assuming the availability of
range information s(¢), closure
time ¢, is determined by division of
s(t) by ds(t)/dt.

Figure 4 is the complete circuit
of an automatically tuned ampli-
fier, limiters and closure rate
connter. The tuned amplifier con-
tains a twin-T feedback network
phased to peak the amplifier gain
sharply at its center frequency.

Amplifier V., drives the twin-T
network through a cathode follower
and the feedback signal is injected
through series-connected triode V.
Response curves for three frequen-
cies are shown in Fig. 5.

The three variable resistance
arms of the twin-T network are
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FIG. 7—Experimental hold and comparator Integration amlpifier, consisting of tricdes Vs, V.z and Vs has a voltage gain of 10
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ganged with a fourth potentiom-
eter, which is used to supply a
reference voltage proportional to
the amplifier’s resonant frequency.
The reference voltage at the junc-
tion of R, and R, is subtracted from
the output of the closure rate
counter to obtain an error signal
which, when amplified by V,, drives
a follow-up servo motor on the
potentiometer shaft.

Introduced in series with the in-
put of V,is a 5-cps alternating volt-
age obtained from the NE-48 re-
laxation oscillator. The a-c¢ signal
causes alternate forward and re-
verse motor connections; the dwell
in each position is dependent on

the differencing circuit (including
u.) yields a voltage ¢, = su, = ds(0)
/dt — ds (t) /dt. The smaller e,, the
greater the probability of collision.

The circuit of an experimental
hold and comparator is shown in
Fig. 7. The integration amplifier
consists of triodes Vi, V. and V.,
and has a voltage gain of approx-
imately 10 The integrator out-
put is connected through cathode
follower V., into a T-type differenc-
ing network the other arm of
which is connected to a voltage
proportional to ds(t) /dt.

The difference voltage is taken
from the series arm of the T-net-
work and fed into the amplifier

is approximately 2 miles.

The amplifiers of Fig. 7 have a
drift rate of about 0.025 volt per
minute over a period of 10 min-
utes. The measurable change of
0.04 volt occurs in about 1 second
and renders the 0.025-volt-per-
minute drift rate negligible.

Differentiator

The differentiator and d-c ampli-
fier are shown in Fig. 8. Differenti-
ation is achieved with an R-C feed-
back circuit.

A wide variety of dividing meth-
ods are applicable for the closure-
time computer. Accuracies of about
5 percent are required for this ap-
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FIG. 8—Differentiator and d-c amplifier. Differentiation is obtained with R-C feedback circuit

the amplitude of the d-c error. A
d-¢ error produces a predominance
of armature current flow in the di-
rection for proper correction. In-
troduction of the a-c signal results
in smoother servo operation and
more precise tracking.

Stages V, and V, limit the audio
signal, providing V, and V,, with a
constant-amplitude square wave.

Hold and Comparator

The hold and comparator is
shown in Fig. 6. Polarities of the
elements are such that in the closed
loop connection the integrator out-
puLt balances the input voltage from
the closure-rate counter. Opening
the feedback loop at t = 0 leaves a
reference potential across the in-
tegrator terminals proportional to
ds (0) /dt. Henceforth, the output of
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comprised of Vi, Vi and Vi,
through cathode follower V... The
error signal is then inverted by
Ve.: and integrated. This action
continues until the error vanishes.
In the open loop or hold position,
the grid-to-ground leakage resist-
ance of V,, is greater than 10° ohms
and the circuit will retain a refer-
ence voltage to a high degree of
precision for several minutes.
With this circuit, variations in
speed voltage of 0.04-volt are
detectable. A 0.04-volt change
corresponds to a speed frequency
change of about 1.3 ¢ps or, at a
carrier frequency of 1,500 mec, a
change of closure rate of approx-
imately 0.44 fps. This is about the
sensitivity needed to detect a po-
tential 1,000-foot miss when the
range of the approaching aircraft

plication and special cireuitry is
not required.

To assess the range capabilities
of a continuous-wave radar, ground
tests were conducted using a 1,500-
me radar. Average transmitter out-
put power of the unit was approx-
imately 1 watt. An antenna system
having horizontal and vertical
beam widths of 66 and 74 degrees
was employed; separate antennas
were used for transmission and re-
ception.

The radar equipment was in-
stalled in a panel truck and the
antennas were placed on a rotary
mount. The movable antenna as-
sembly made it possible to direct
the antennas toward any target de-
sired from a control position within
the truck.

Receiver output signals were re-
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corded on magnetic tape. Oscillo-
graphs of some of these recordings
are shown in Fig. 9 and 10. Figure
9 displays echoes received from a
DC-3 making a straight-in ap-
proach with the radar situated just
off the runway and near the point
of touchdown. The intervals shown
are of i-second duration. Average
relative speeds in feet per second
were computed from the Doppler
equation

ds () =1X\fa

dt 2
where f, is the Doppler frequency
in c¢ps and i is the carrier wave-
length in feet.

Considerable amplitude and fre-
quency modulation of the signal is
in evidence in Fig. 9. The ampli-
tude modulation results largely
from specular reflections from
the propeller and the frequency
variations are caused by propeller
motion. Over a period of time long
compared to the period of the
amplitude bursts, the Doppler shift
arising from motion of the aircraft
will experience little displacement
from propeller f-m effects if the re-
ceiver frequency response curve is
symmetrical. Because of the alter-
nate increases and decreases in fa
a cancellation occurs which pre-
vents the accumulation of large
errors.

An aireraft stationary with re-
spect to the radar, but with motors
running, would not be detected if
it were situated head-on to the
radar. In that attitude, at a reason-
able range, relative motion of the
propellers is almost negligible and
practically no Doppler shift is pres-
ent. Results which substantiate
this are illustrated in the oscillo-
graphs of Fig. 10. From the top
down, the first recording illustrates
the Doppler return from a side-on
view of an idling Convair 240. The
second recording was taken of the
same airplane as it was turning
into takeoff position and head-on to
the radar. The third was taken
from the forward quarter as the
takeoff run began. In the first and
last recordings propeller modula-
tion is evident, but in the head-on
attitude it is considerably reduced.

Airplanes such as the DC-3 and
Convair 240 were consistently de-
tected at ranges from 2 to 2.5 miles
(measured optically) and private
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Radar truck, showing antenna assem-
bly used for ground testing collision-
preventing equipment and technigues

FIG. 9—Dappler recordings of DC-3 on
final approach. Time in seconds after
signal amplitude became steady, from
top to bottom is: 10; 30; 50; B5. Closure
rates of last two waveforms cre 115 and
148 fps for Doppler frequencies of 351
and 450 cps

FIG. 10—Doppler recordings of Convair
240 taxiing into takeoff position

craft were normally detectable at
ranges just over one mile.

These results, achieved with low
transmitter power and low antenna
gain, indicate strongly that suffi-
cient detection ranges for adequate

collision warning are attainable
with more appropriate equipment.
Furthermore, echo waveforms from
sufficiently strong signals are such
that accurate speed data are obtain-
able.

From what has been said, some
readers may assume that c-w radar
for collision warning can be made
immediately available. This is not
the case. Even if the methods
described should prove their useful-
ness, they would be for the pro-
jected future and could not be in-
strumented from on-the-shelf com-
ponents. Perhaps, also, improved
techniques which permit extraction
of accurate Doppler information
from pulse-type radars will appear.
A pulse-Doppler system capable of
finding bad-weather areas, serving
in a terrain avoidance capacity and
capable of preventing mid-air colli-
sions, while retaining a reasonable
degree of simplicity, could consti-
tute the optimum solution to the
collision problem.

The assumption has been made
here that the solution to the colli-
sion problem will be a self-contained
system. While this is not neces-
sarily the case, there are reasons
why such a system seems desirable.
Among these reasons are freedom
from dependence upon ground facil-
ities, freedom from dependence
upon equipment carried in other
aircraft and the flexibility of op-
eration which such a system would
allow.

The author is indebted to the
Cornell Aeronautical Laboratory
and the members of its staff for
sponsorship of this work. In par-
ticular the contributions of Frank
M. Pelton were of major impor-
tance. Credit is due the Guggen-
heim Aviation Safety Foundation,
the Air Transport Association, the
Civil Aeronautics Administration
and the Air Line Pilot’'s Associa-
tion for their interest and coopera-
tion in supplying much valuable
information.
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Decade Counter Tube
for Accounting Machines

Gas-discharge tube fitting into 9-pin miniature envelope provides decade counter that

replaces mechanical and electromechanical units. Construction and basic circuits are

given together with circuit values, operating voltages and their allowable variation

By R. B. KOEHLER and R. K. RICHARDS

RECENTLY need has arisen for
an electronic counter that
is faster and less costly than the
mechanical and electromechanical
counters now employed in account-
ing machines. Use of a cold-cath-
ode glow discharge that can be
stepped from one electrode to the
next has been recognized as a pos-
sible solution to this problem and
descriptions of many such counter
tubes have appeared.”™ In at least
one instance a complete computer
has been assembled with gas-tube
counters as the basic arithmetic
and storage elements.” Some of
the schemes by which a glow can
be caused to step along have been
summarized and explained.”

The counter tube to be described
differs from previously known
tubes in that the transfer of the
glow in the desired direction is se-
cured through the use of cathodes
comprised of two different ma-
terials. Appropriate cathode con-
figuration, cathode coating and
shielding from mica supports are
additional factors that insure posi-
tive operation over a wide range
of parameters.

The entire structure fits into a
standard T-6% miniature bulb and
the position of the glow may be
determined by viewing the tube
from the side. The tube contains
a self-complementing feature
whereby the digit stored in the
tube may be transposed to its 9’s
complement—its value subtracted
from 9—Dby application of a single

ELECTRONICS — November, 1954

International Business Machines Corp.
Poughkeepsie, New York

Mica support plates, left center, with
U-shaped cathodes attached are sand-
wiched to form desired structure. Wire-
mesh anode. right, is mounted above
this assembly

pulse to an appropriate set of
cathodes.

Arithmetic Operation

In accounting machine applica-
tions the counter system should be
capable of both addition and sub-
traction. One way to gain both of
these functions is by counters
capable of counting either forwards
or backwards.

However, subtraction can be
simplified by using counters that
count in one direction only and
creating the effect of subtraction
by adding the 9’s complement of
the number to be subtracted.

With the self-complementing
counter both subtraction and read-
out of all balances in true form are
accomplished with a minimum of
extra equipment. For subtraction,
the number initially stored in the

counters is transposed to its 9's
complement representation and the
number to be subtracted is added
with an end-around carry if neces-
sary. If the difference is positive,
the result will appear in 9’s com-
plement form but it may be con-
verted to true form by a second
complementing action of the gelf-
complementing counters.

Ilustrative Example

Assume that 0785 is stored in a
four-digit accumulator and 0493
is to be subtracted from it. By the
application of a single pulse to all
self-complementing counter tubes
0785 is converted to its 9’s comple-
ment—9214. The number 0493 is
then added. No end-around carry
occurs in this example

9214
0493

9707
The result is the 9’s complement
of the correct answer, 0292, which
can be obtained by applying a sec-
ond complementing pulse to the
counters.

If the number to be subtracted
from 0785 were 0905, an end-around
carry would result

9214
0905

0119
1

—0120
The result is the true representa-
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tion of the difference, which is
negative in this case. The end-
around carry may be obtained from
the carry signal in the highest-
order counter. The presence or
absence of this carry can be used to
indicate negative or positive bal-
ance,

Description

The basic counting process in the
gas-discharge counter may be ex-
plained with the aid of Fig. 1. Four
hollow, cylindrical cathodes K, K.,
K, and K, are shown with K, and
K, connected together and grounded
and K, and K, connected to an ex-
ternal lead C. Attached to these
cathodes are the transfer wires
T,T.,T,and T, each having a work
function higher than that of the
cathodes. A common anode A is
spaced equally from each cathode
structure. This assembly is sealed
in an envelope containing a gas at
a pressure such that the voltage re-
quired to start a glow discharge
will be considerably higher than
necessary to maintain the glow.

The positive terminal of the
power supply is connected through
a series resistance R to the anode
and the negative terminal is
grounded. A glow discharge is then
established between K, and the
anode. When a voltage source ini-
tially positive with respect to
ground is connected to € and re-
duced to a negative value, sufficient
voltage will exist between K, and
K, and the anode to maintain a glow
discharge on T, or T.. Since the
free end of T, extends into the
ionized region between K, and the
anode, a glow will begin on T, and
not T, because the high ion density
in the region of K, will reduce the
initiating voltage for T..

Action of Glow Discharge

As the voltage becomes more
negative this glow will spread until
it covers the entire surface of T..
Additional voltage change will force
the glow to spread onto the main
body of K. Since the outer surface
is covered with an insulating mate-
rial, the glow will locate on the in-
side surface of the cylinder. The
cylinder material has a lower work
function than that of the transfer
wire so that when the glow reaches
K. the voltage drop between K, and
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FIG. 1—Basic cathode configuration
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FIG. 2—Top view of basic cathode ar-
rangement
Table I-—Typical Voltage and
Component Values

Voltage or Typical Allowable
Component  Value Variation
Ey 500 v
Ex 135 v
Es—Ex 365 v 315to0 405 v
E] and Ec ...... 15 to 5 v

Driving Pulse —100 v —60 to —110 v
Output Pulse 70 v 57to 88 v

R4 68,000 ohms
Rg 36,000 ohms
R, and R, 680,000 ohimns

R, and R; 390,000 ohms

the anode will be less than the volt-
age required to maintain a glow
on T, Thus the glow on T, will be
extinguished.

Further change of the voltage on
C will be accompanied by a decrease
in the anode voltage, since the volt-
age difference between the anode
and K, will remain constant. This
action will reduce the voltage be-
tween K, and the anode to a value
less than its sustaining voltage.

Therefore the glow on K, will be
extinguished also.

If the voltage applied to C is al-
lowed to return to its original posi-
tive value, the anode voltage will
rise with the voltage on K, until it
is sufficiently positive to maintain
a glow on T, or T, The tip of T,
will pick up the glow because it is
in an ionized region. From there
it will spread into K, and leave T..
The anode voltage will now be
stabilized at a potential above
ground equal to the drop from the
anode to K, Further increase of
voltage on C will decrease the volt-
age between anode and K. until the
glow on K. extinguishes.

If K, is called the 0 position
and K, the 1 position and if a nega-
tive pulse of voltage of sufficient
duration is applied to cathodes K,
and K, at C, the glow will count the
pulse by moving from K, to K. to
K, By interspacing ten digit cath-
odes and ten intermediate cathodes
to extend the configuration in a
closed loop, a ten-position counter
can be constructed.

Construction

Platinum transfer wires and
aluminum cathode cylinders, ano-
dized on the outside surface, to-
gether with pure argon gas at a
pressure of 70 mm of mercury
vield a reliable and long-life tube
at counting speeds up to 2,000
pulses per second.

In the IBM 78 ten additional
cathodes are added to the array to
provide the self-complementing
function and are referred to as
complementing cathodes. The basic
cathode arrangement is shown in
Fig. 2. The circles represent the
thirty cathodes and the heavy lines
are their transfer wires. The other
lines show electrical connections be-
tween the intermediate cathodes
labelled I and the complementing
cathodes C. The digit cathodes are
numbered as shown.

Positions 1 through 8 are con-
nected to an external lead and 9
and 0 are separately connected to
two additional leads. A glow
starting from 0 will travel up the
right row of cathodes, over the top,
down the left row and around the
bottom to its starting position
when ten negative pulses are ap-
plied to the intermediate cathodes.
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Each digit cathode is located
directly opposite its 9’s complement
digit cathode and between each set
is a pair of complementing cath-
odes with transfer wires so ar-
ranged that a glow can be trans-
ferred from one digit position to
the other in either direction by a
negative pulse applied to these com-
plementing cathodes. This tube is
thus able to convert a digit to its 9’s
complement in addition to function-
ing as a decade counter.

The photograph shows the con-
struction of the counter. The U-
shaped cathodes are fastened to
mica support plates sandwiched to
form the desired structure. A wire-
mesh anode is located above this
assembly and the entire unit is
mounted on a standard nine-pin
miniature button base and sealed
into a T-6% glass bulb. The tube is
% inch in diameter with an overall
length of 2% inches.

Basic Circuit

Figure 3 shows the counter tube
in its basic operating circuit. Tubes
V. and V, represent the drivers for
counting and complementing.

Any tube type may be used in
either position if it is capable of
driving the cathodes to which it is
connected to the required voltage
level when in full conduction. Re-
sistors R, and R. must be inserted
when the plate voltages of the
drivers during conduction are
lower than the voltages to which
the connected cathodes must be
driven. The voltage divider R, and
R, establishes the potential E, at
which the intermediate cathodes
are held between driving pulses.
Resistors R, and R, act similarly
in the complementing circuit.

Potentials E, and E. should be
the same and the driving pulses ap-
plied to the intermediate and com-
plementing cathodes should have
equal amplitudes. Switches S, and
S. reset the glow to its zero posi-
tion. Switch S, is first opened to
extinguish the glow if it is in any
position but zero. Switch S, is
momentarily closed to apply the
full anode voltage between the
anode and zero cathode to estab-
lish a glow. Then S, is closed. An
output signal is available from the
9 cathode for carry initiation and
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FIG. 3—Basic counting circuit in which gas-discharge tube may be operated

the read-out signal is taken from
the 0 cathode.

Some typical values of resistance
and voltage for this circuit together
with allowable voltage variations
are given in Table L

The voltage required to initiate
a glow discharge within a tube is
from 325 to 450 volts while the
voltage drop across such a dis-
charge is 150 volts. An average
tube operating in this circuit will
count reliably over relatively wide
potential variations.

Transfer-Voltage Values

The operational reliability of this
tube is determined by the magni-
tude of the difference between the
voltages required to cause a glow
transfer in the backward and for-
ward directions. In the circuit
illustrated and with the component
and voltage values listed, typical
transfer voltage values are as fol-
lows:

A forward direction glow trans-
fer from a digit cathode to an in-
termediate or complementing cath-
ode will occur when the latter has
been driven to 120 volts. In the
absence of such a transfer, a back-
ward direction movement of the
glow will not occur until this volt-
age has been reduced to 25 volts.

A forward direction glow trans-
fer from an intermediate or com-
plementing cathode to a digit
cathode will oceur when the volt-
age on the former has risen to 175
volts at the end of a driving pulse.
In the absence of a forward trans-
fer, a backward transfer will not

occur until this voltage has in-
creased to 320 volts.

Life tests were conducted with
fifty experimental tubes and thirty-
three of these were still operating
satisfactorily after 17,000 hours.
Most failures were caused by the
sputtering of cathode material that
eventually builds up conductive de-
posits on insulator surfaces.

The authors acknowledge the
help of W. H. Dass who did part of
the mechanical design, E. J. Ra-
benda who subjected the self-
complementing counter to tests in
practical accounting machine ap-
plications and J. B. Little, W. E.
Mutter and A. L. Samuel.
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FIG. 1—Miniature diode has maximum
component density of over 400 per cu in.

Capacitor-discharge spot-welder permits connection to short leads of germanium
diodes without danger of heat damage to components

Welded Joints on Diodes

Spot-welding techniques for assembling complex computer equipment reduce size of equip-

ment and give optimum accessibility for repairs. Honeycomb type arrangement of grain-

of-wheat diodes permits component densities up to 128 per cubic inch

REDUCING COMPONENT SIZE does
not generally lead to a cor-
responding size reduction of equip-
ment. The tendency to mount and
wire such components in the same
manner as larger components re-
sults in mounting hardware and
wiring consuming a disproportion-
ate share of the volume.

One reason for the wiring oc-
cupying so much of the volume is
that connections cannot safely be
soldered closer to small compon-
ents than to large ones. Soldering
closer than about a quarter-inch
from miniature diodes introduces
the risk of effecting a permanent
change in diode characteristics if
the crystal is heated above 150 deg
C.

Realizing good size-reduction
from the use of miniature com-
ponents requires breaking away
from conventional practices to the
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BY S. G. LUTZ

Hughes Aircraft Co.
Culver City, Calif.

extent necessary to miniaturize
wiring along with the components.
Etched wiring is a step in this
direction, but it involves soldering
and its two-dimensional inflexibil-
ity often results in waste space.

Spot-welding offers an attractive
means of making connections near
components, because capacitor-dis-
charge welds are made in milli-
seconds, with much less heat than
is required for a soldered joint.
Mounting axial-lead components on
end, rather than laying them flat
on etched-wiring boards or on
terminal strips, also aids in
miniaturizing the wiring by short-
ening the interconnections.

Figure 1 shows the general con-
struction and nominal dimensions

of a Hughes germanium diode.
Its glass envelope provides humid-
ity protection. The leads are copper-
clad nickel having a coefficient of
expansion identical with that of the
glass. The nickel core in this wire
makes it easier to spot-weld than
would be the case with a solid
copper wire

If a }-inch spacing is maintained
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DRI
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FIG. 2—Section of photographic wiring
gquide, showing symbols used to ident-
ify connections
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Use of etched-wiring board limits component placement to two
dimensions. Component density is about 13 per cubic inch

Cemented assembly provides high componeat density of 180 per
cubic inch but does not allow for replacement of components

Reduce Computer Bulk

between the solder joint and the
body of the diode, the mounting
centers must be spaced about three
times the length of the diode body
as a minimum, Closer spacing can-
not be used unless rapid soldering is
possible on each joint. If an en-
ergy-discharge welder is used, con-
nections can be made as close to the
seal as desired.

Etched Wiring Matrices

Large numbers of these diodes,
along with a lesser number of re-
sistors, are employed in digital
computer gating systems., Matrices
composed of these gate circuits ac-
count for much of the wiring com-
plexity of such a computer and
often account for an appreciable
portion of its volume.

In the etched-wiring matrix
shown in the photograph, some
space was wasted by employing a
universal etched-wiring pattern, so
the same basic pattern could be
used for many different matrices.
Its density of 13 components per
cubic inch or 22,464 components per
cubic foot, is not much below the
maximum  generally obtainable
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with etched-wiring., Thirty times
as many components the size of
these diodes could be packed into
the same volume if their leads
could be clipped off.

This is a good example of the
deterioration in volumetric effi-
ciency, or ratio of component
volume to total volume, which gen-
erally is encountered as the size of

components is reduced without
miniaturizing the wiring along with
the components.

Spot-Welded Matrix

One approach to increased volu-
metric efficiency of a unit is that
of fitting the required components
together as closely as possible
with a minimum additional volume

# b

S e}

Stick capsule centaining up to five diodes simplifies production and replacement
but hcs enly ons-sixth component density of cemented type construction
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used for the wiring. With computer
matrices, it is logical to pack
the diodes and their associated re-
sistors into a rectangular block,
with the leads extending in opposite
directions. One characteristic of
gate circuits is that they have a
common connection between the re-
sistor and all its diodes, so it is
logical to make these common con-
nections on top of the block, to
make ties between gates having the
same inputs at the bottom of the
block and to employ the remaining
bottom leads for the external con-
nections.

A matrix was built in this
manner as a test to establish the
maximum component density, to
investigate the feasibility of spot-
welded wiring in such cramped
quarters and to demonstrate the
short leads required when such a
unit is wired from both ends in
this manner. This matrix contains
32 diodes, 9 Globar resistors and 4
vacant positions where diodes
could have been placed if required.
The unit occupies only 1 cubic inch,
measured over the wiring but ex-
cluding the input and output leads
which normally would connect to a
plug. Maximum component density
with this construction is 180 per
cubic inch, The cemented construc-
tion of this matrix is impractical in
that the entire unit would have to
be discarded if one component
failed.

Stick-Capsuled Matrix

A matrix design directed toward
achieving ease of production uses
diodes molded in long sticks.
Notches are molded between each
pair of diodes so that the desired
number can be broken off. This fea-
ture permits the assemblers to
handle the diodes in convenient
groups of five or less. In the matrix
shown, the diodes were molded in
epoxy resin but tests have estab-
lished that they can withstand the
temperature and pressure required
for alkyd molding, the latter being
far more rapid.

With this construction, etched
wiring is used for the gate inter-
connections and for the input and
output connections, while the com-
mon top connections can be made
by a multiple-welding onerstion
prior to inserting the diod= sticks
into the etched-wiring card.
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Top view of diode matrix using honeycomb construction, together with photo-
graphic pattern used for printing wiring guides

Top connections to the resistors
have been soldered, because of the
uncertainty of welding to their
solid copper leads. These connec-
tions also could be welded if re-
sistors with weldable leads were
available. All connections to the
bottom board are dip-soldered
simultaneously. There is only an
eighth of an inch between the glass
seal and this soldered joint.
Thermal shunting action of the
plastic and the low temperature of
the soldering bath prevent dam-
age to the diodes.

In the event of a diode failure,
the stick of diodes containing the
defective one is unsoldered and re-

placed. As many as four good di-
odes may be discarded with the bad
one but their cost generally will be
less than the labor cost of this re-
placement. If desired, the defective
diode may be broken out of its stick
and be replaced. A special soldering
tool has been developed for re-
moving and replacing sticks of
components and consists of a
200-watt iron with a long grooved
tip.

With this construction, the spac-
ing between components is } inch,
this spacing being determined by
the minimum clearances required
for the etched wiring. The height
of the unit is % inch, so its peak
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Maximum

component density is 30 per cubic
inch. Thus, these units are twice as
compact as the flat etched-board
units, as well as Dbeing much
cheaper to assemble. Compared
with the cemented matrix, this re-
pairability and ease of assembly
have been purchased at the cost
of a six-time reduction in compon-
ent density.

Honeycomb Technique

Diodes and associated compo-
nents can also be cemented into a
honeycomb of holes in a supporting
hoard and individual components
can be replaced by softening thes
adhesive with a suitable solvent.
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Preliminary tests showed that the
diodes could be spaced % inch on
centers or 64 per square inch of
mounting board and that the wiring
could be spot-welded easily despite
this close spacing. No difficulty
was experienced in removing and
replacing components. It was only
necessary to clip the leads obstruct-
ing component removal and later
weld around the clipped-out section.
The diode leads were cut to a length
of i-inch from the seal, thus hold-
ing their overall length just under
i-inch, so the peak component dens-
ity was 128 per cubic inch, or 71
percent of the density with the
cemented matrix construction.

The honeycomb technique has
been tried on typical large sections
of the computer gate circuits. The
sections selected were the reading
gate circuits for the magnetic
memory drum and the gate cir-
cuits for a conversion control unit.
Fully wired but nonoperating units
were decided upon, since these
units were to be built as a packag-
ing study only.

Reading-Gate Matrix )

Reading-amplifier gates are
ideally suited for honeycomb tech-
nique. Their nearly repetitive na-
ture and simple binary coding
under the control of a small number
of flip-flops, leads to simple and
systematic wiring. |

One problem encountered was the
need for a resistor suitable for use
with this honeycomb mounting
technique. Axial leads and dimen-
sions comparable to those of the
diodes were the chief requirements,
with weldable leads being desirable.
Use of the Globar resistors was
ruled out because of wrapped-
around radial leads, which pre-
vented their insertion in the
mounting holes.

Dummy resistors were fabri-
cated from 3/32-inch wood dowel
rod, using 0.020-inch nickel wire
for the axial leads. There is no ap-
parent reason why resistors of this
size cannot be produced commer-
cially whenever the demand for
them justifies their development
and there seems to be a steadily in-
creasing need for such resistors for
transistor circuits and other such
applications in which a tenth-watt
dissipation would be adequate.

Microfilmed Wiring

A feature that has contributed
greatly to the ease of wiring these
small honeycomb units has con-
sisted of microfilming the essential
wiring information on the dural
mounting plates. These plates
were coated with a white lacquer,
over which a photographic emulsion
was applied. This emulsion was
printed in contact with a negative
obtained by photographing a large
ink drawing to the desired scale.
Use of a i-inch dural mounting
plate provides excellent heat equal-
ization and dissipation and leads to
extremely rugged units.

Figure 2 is an enlarged view of a
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small section of the wiring and
drilling pattern for the reading
matrix unit. The regularly spaced
crosses and white centers of black
squares mark the centers of the
component holes to be drilled. The
heavy lines between crosses denote
bus connections. Most of the rows
of black and white squares denote
rows of diodes to be connected to
the two outputs of the same flip-
flop; the particular flip-flop is desig-
nated by the number beside each
such row. Similar black and white
squares also are used to indicate the
connection of resistors to positive
or negative bias voltages.

Flip-flop 1 leads and positive bias
leads are insulated with white vinyl
sleeves. Negative bias and flip-flop
0 leads have black sleeves. Thus,
most of the wiring consists of run-
ning black wires to black squares
and white wires to white squares
and of making common connections
to bus wires as indicated. The re-
maining wiring, cabled connections
to the plugs, is designated by cor-
respondence of numbers or letter
at the plug and at the circuit. This
use of black and white squares
simplifies inspection, since a white
lead to a black square is con-
spicuous.

Spot-Welded Wi iring

A capacitor-discharge welder
with extension tweezer electrodes
was employed for the wiring. The
tweezer points are brought together
by a spring, so that they serve as a
clamp to hold the wires being
welded and pressure always is the
same, These tweezer electrodes
were found more convenient and
produced more consistent welds
than the normally open type of
tweezers with which the welding
pressure depends upon the oper-
ator’s grip. Nickel wire of 0.010
inch diameter was used for all con-
nections. Welded connections can
be made as close to the glass seals
as desired. Even though the
metal is fused at the weld, the ca-
pacitor discharge is so rapid that
the quantity of heat is negligible.

The dimensions of the unit, ex-
clusive of the plugs and frame, are
5} x 3% x 3 inches. The unit con-
tains 504 diodes and 209 resistors,
so its average density is 94.5 com-
ponents per cubic inch. The com-
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Close-up of spot-welded honeycomb construction., Use of welded joints permits cutting
leads within % inch of diode seal

plete unit weighs slightly over a
quarter-pound, plugs and frame
included.

The unit is rugged and may be
dropped without damage because
the plugs and the aluminum frame
that surround the dural plate serve
to protect the components and
leads. Components have been re-
moved and replaced many times.

Conversion-Control Unit

Conversion-control matrices
afforded a better test of the appli-
cability and versatility of honey-
comb packaging because their cir-
cuits are more diversified, they in-
volve connections to many more
flip-flops and cathode followers and
are typical of the arithmetic and
control matrices of a computer. The
dimensions of this unit are 8§ x 23
X % inches. The unit contains 587
diodes, simulated resistors and
ceramic capacitors, so its average
density is 62.3 per cubic inch.

This reduced density resulted
from separating the individual
matrices and from leaving space
down the center for the large inter-
connecting cable. No more time is
required to wire this unit than to
wire a standard-size unit of equal
complexity. Spot-welded wiring
actually should be faster and
cheaper than soldered wiring.

Many variations of the above
technique have been proposed and
some have been tried. In general,
variations that tend to simplify the
assembly and wiring also tend to
reduce the component density cor-
respondingly, so the technique to be
chosen for any specific application
will be a compromise of size and
weight with desired simplification.

As long as tubes are used in
digital computers, there is little to
be gained from miniaturizing the
diode matrices to the extent made
possible by these techniques.
Honeycomb component mounting,
spotwelded wiring and microfilmed
wiring information should become
useful techniques as soon as it be-
comes feasible to miniaturize other
parts of computers by replacing
tubes with transistors and by re-
placing magnetic drums with more
compact memory devices. When
component densities of the order of
100 per cubic inch become applic-
able throughout the computer, it
should become possible to reduce
their volume and weight to ap-
proach that of mechanical desk
calculators.

Many members of the Hughes
Miniaturization Group contributed
to this work but mention should be
made of Carmen Livesay who built
and wired the first gate unit.
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Coaxial wattmeter for range of 10 to 100 microwaits has attenuation of equivalent length of waveguide. Cross-section shows inter-
nal construction with printed-circuit disk resistor used to minimize inductive effects

UHF Meter Measures
Low Power Levels

Coaxial-type indicator covers 10 to 100 microwatt range at frequencies up to 900 me with

an insertion loss of less than 0.8 db. Power gain measurements in uhf receiving tubes

and matching of lines to load are among applications

By R. L. BAILEY and J. B. QUIRK

DEVELOPMENT and evaluation of
uhf receiving tubes requires
a directional coupler that will
measure the low-level input power
to the tube under test independent
of the standing-wave ratio of the
input.

The wattmeter shown in the
photograph and cross-section draw-
ings gives accurate indications of
incident and reflected power in a
50-ohm coaxial line transmitting
power as low as ten microwatts at
900 mc independent of swr or posi-
tion of insertion of the wattmeter
in the line.

The wattmeter has the addi-
tional advantage that accurate
power measurements can be made
with it over a very wide band of
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frequencies up as high as 900 mega-
cycles.

In the section of line in Fig. 14,
a small coupling loop is inserted
through a hole in the side of the
outer conductor and the ends of
the loop are connected to R, and E..
The equivalent circuit for this ar-
rangement is shown in Fig. 1B.

Field Relations

The voltages which appear across
R, and R, are caused by the electric
field and the magnetic field which
are in time phase but in space
quadrature.

The electric field causes a con-
duction current to flow through R,
and R, in parallel of a magnitude
Jo AK,FE (D

where v = 2 = f and A, is the area
of that portion of the loop parallel
to the center conductor (normal to
the E field), K, is a constant and
E is electric field strength.

If R, = R,, the current given by
Eq. 1 divides equally between the
two resistors. This current is shown
as I’, in Fig. 1C. This current can
lead the E-field by approximately
90 degrees only if R, and R. <<
X.: (the reactance due to the capaci-
tance between the loop and the
center conductor). The currents in
R, and R, due to the electric field
are shown as I, in the equivalent
circuit.

The voltage induced in the
closed loop consisting of R,, L and
R. in series caused by the rate of
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change of magnetic flux linked by
the loop is

e, = — JA(cos 6)wH p, (2)
where 6 = angle between the planes of the
loop and the axis of the coaxial
line
area of the loop normal to the
transverse magnetic field H
magnetic field strength
constant.

Ay

H

Mo
This voltage is e, in Fig. 1D. The
voltage e, lags the current 7 in the
center conductor by 90 deg and I,
is in phase with the H field. If the
series inductance of the loop, L,
is zero, e, causes a current I, to
flow around the loop circuit. This
current is shown as I,,, and will be
in phase with e,, if L is zero.

The total current through either
resistor is now the vector sum of
the two currents I, and I,. By
proper selection of the dimensions
and spacing of the loop, I, and I,
can be made equal in magnitude.
For this condition the current
through R, is simply 21., while that
through R. is zero since the cur-

rents subtract. By reversing the
position of the generator and the
load, the currents through R, and
R. become zero and 21, respectively
since only the current due to the
magnetic excitation changes sign.
The device then affords outputs
across R, and R, which are sensitive
to the direction of current flow in
the center conductor and hence
sensitive to the power flow through
the wattmeter in either direction.

Loop Inductance

This explanation is somewhat
simplified since it neglects the
effects of the loop inductance L and
the capacitance of the loop to
ground C.. The loop inductance
causes the current /,, resulting from
the induced voltage e,, to lag e, by
some angle =,, as shown in Fig. 1D.
This angle of lag has been shown
to be

o = arctan wl /2R (3)

If X., is much greater than o L/2

GENERATOR \

(c)

FIG. 1—Simplified wattmeter circuit (A) has equivalent circuit (B). Vector diagrams
show current relationships in R, and R. for electric (C) and magnetic (D) fields

MODULATED Y
GENERATOR &

| HIGH = GAIN

TUNED
- L [ AMPLIFIER |
BRI ouTPUT
L T METER
________ o
K=X1,000

FIG. 2—Modulated signal is picked up by loop and detected by rectifiers. Vacuum-
tube voltmeter circuit provides meter indication of power
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it can be shown that the angle =,
caused by the shunting effect of C,
is

]
-

w(’y. 4)

az = arctan

(&)

The angles =z, and =, are therefore
equal when

By = Ry = VL (7, (5)
When this condition is satisfied, I,
and I. will either be exactly in
phase or 180 deg out of phase in R,
or R.. For this condition the equal-

SILVERED
CONTACT AREAS R 1

PLUG-IN
PICKUP LOOP

< POLYSTY
PRINTED-CIRCUIT CRBINGENTS ERe
RESISTANCE MATERIAL

FIG. 3—Use of printed-circuit resistors
reduces inductance in pickup loop

ity of the angles a«, and «, is de-
pendent only on circuit constants
and is independent of frequency.

For loads other than the matched
case, the absolute resultant cur-
rent through R, is an indication of
the incident power while the
absolute resultant current through
R. indicates reflected power.

If the coupling loop is not to in-
troduce an appreciable disconti-
nuity in the coaxial system, the
power absorbed by the device must
be small compared to the power
transmitted by the coaxial line.
The resulting voltages across R,
and E. for very low power flow
through the wattmeter are minute.
To measure such voltages, the
signal generator 1is sinusoidally
modulated at a constant frequency
and percent modulation. The modu-
lation is then extracted by 1N21B
silicon diodes as shown in Fig. 2,
followed by amplification and recti-
fication to a d-c¢ current for indi-
cating purposes. The resistance of
R, and R, is made high compared to
R, and R. so that when crystals are
replaced a change in crystal im-
pedance will not materially alter
the balance of the system. A value
of 300 ohms for R, and R, is suffi-
ciently high for isolation without
sacrificing too much sensitivity.

The modulation voltages across
R, and R., detected by the square-
law diodes are proportional to the
power in R, and R, and therefore
proportional to the incident and re-
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FIG. 4—Meter calibration curve at 900
me for 30-percent modulated signal feed-
ing 50-ohm load

flected power respectively. These
voltages are amplified by a tuned
linear amplifier having high gain
with low-noise output. The output
is monitored by a vacuum-tube
voltmeter calibrated in miecro-
watts. The difference between inci-
dent and reflected power is the net
power flow to the load.

Loop Construction

Perfect cancellation of /. and I,
in R, for a matched load can occur
only if 1, and I,, are equal in magni-
tude and if &, = a,. It was previously
stated that the operation of the
coupler is independent of fre-
quency, that is, o, = =z, only if
X.. >> wL/2. Lead inductance of
ordinary resistors would add to the
loop inductance resulting in too
high a value. A distributed re-
sistance of low inductance was
made for R, and R. using printed-
circuit resistance material painted
on a polystyrene disk as shown in
Fig. 3. At 900 mc this type of dis-
tributed resistance presents an al-
most perfect 50-ohm resistive load
to each end of the loop.

In practice the theoretical condi-
tions required for the perfect op-
eration of the wattmeter can not be
realized but by careful design these
theoretical conditions for direc-
tional properties may be ap-
proached. Loop dimensions must be
kept small compared to a quarter
wavelength and each end of the
loop must be terminated in a pure
resistance. The inductive reactance
of the loop must be small com-
pared to the terminating resistors.

In addition, the geometry of the
loop must be so proportioned that
probe currents due to magnetic and
electric excitation will be equal
in magnitude and phase for a
matched load.

As shown in Fig. 2 the 50,000-
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FIG. 5—Increase in sensitivity of watt-
meter indications with frequency at three
power levels with 50-ohm load

ohm potentiometers serve to equal-
ize the outputs of the 1N21B sili-
con diodes so that only one calibra-
tion curve is required for incident
or reflected power. This calibra-
tion curve, shown in Fig. 4, is
linear and it is necessary only to
change the gain of a linear ampli-
fier in order that the power range
of the coupler be changed.

The initial calibration can be
made by placing the wattmeter be-
tween an r-f generator and a bo-
lometer matched to the 50-ohm line.
The generator output is turned
up to the desired power level indi-
cated on the bolometer and then
the audio output of the indicator
amplifier is noted. Repeating for
different power levels establishes
the calibration.

In the wattmeter being calibrated
the self inductance of the pickup
loop, though small, has a finite
value. This gives rise to imperfect
cancellation because «, does not
equal x. This imperfect cancella-
tion can be found by measuring and
plotting the ratio of the voltages
monitored across the load resistors
for a matched load. It is important
that the load be matched exactly to
50 ohms in order to have no re-
flected power.

Currents in the load resistors due
to both electric excitation and mag-
netic excitation are proportional to
frequency. The measured variation
is shown in Fig. 5. To compensate
for this variation a gain control
calibrated in terms of frequency
must be provided on the indicator
amplifier. Lowest sensitivity is at
the frequencies where the minimum
detectable power is limited by the
first-stage noise of the audio ampli-
fier.

The discontinuity caused by the
insertion of the wattmeter in a
transmission line is less than 0.8

FIG. 6—Relation of the true power to
measured power over frequency range of
coaxial wattmeter

db swr over the region from 400-
900 me. In most cases insertion of
the wattmeter is equivalent to in-
serting a section of transmission
line equal to the length of the watt-
meter.

Sensitivity

The accuracy of the wattmeter
over a wide frequency range for
loads of different swr is shown in
Fig. 6. The lowest frequency at
which measurements were made
was 400 mec. Power sensitivity is
limited by the sensitivity and noise
of the tuned amplifier. Maximum
power is limited by the ability of
the loop resistors to dissipate the
power extracted by the loop with-
out changing their vresistance
values.

The device has the disadvantage
that the calibration is dependent
upon the percentage modulation of
the generator. This is not serious
since a bolometer must be used to
calibrate the coupler. Calibration
will change for different modulat-
ing waveforms but most standard
tests are made at 30-percent sinu-
soidal modulation which is a con-
venient calibration condition for
the wattmeter.

Since the 1N21B crystals are
temperature sensitive, the watt-
meter should be at a relatively con-
stant temperature if the highest
accuracy is to be obtained.

The authors acknowledge the
many helpful suggestions given by
Hsiung Hsu during the course of
this development.
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Cutaway view of chopper mounted in housing only two inches long, with U.shaped neon flash tube at center, mounted photocell along-
side and lead sulfide cell itself at lower right

Photoelectric D-C Chopper

Optically driven ruggedized miniature chopper converts high-impedance d-c millivolt

signals to a-c signals for airborne d-c analog computers such as are used in guided mis-

siles. Neon tube flashing at 400 cps surrounds lead sulfide photocell in signal circuit

OR some time there has been
F a need in ruggedized d-c
analog computers for a chopper
that would convert d-c high-imped-
ance millivolt signals into a-c sig-
nals. The associated requirements
of stability, long life, low noise
level, small size and light weight
are all satisfactorily met by the
unit to be described.

Principle of Operation

Referring to Fig. 1, the d-c
input voltage is applied to a volt-
age divider consisting of a lead
sulfide photoconductive cell in
series with a 200,000-ohm resistor.
As the intensity of the neon light
source is modulated, the resist-
ance of the lead sulfide cell changes
from 300,000 ohms, with no illu-
mination, to 140,000 ohms with full

162

illumination. For a 1-v d-c input
signal, the output has a peak-to-
peak amplitude of about 0.25 v.
A typical output waveshape at a
400-cps modulating frequency is
shown in Fig. 2.

Figure 3 is a typical graph of re-
sistance of the lead sulfide cell as
a function of incident light flux.
In the present unit, light flux
reaches a peak of about 200 foot-
candles, driving the cell into satura-
tion and obtaining close to the max-
imum possible swing of cell
resistivity.

The unit is particularly applic-
able to ruggedized d-c¢ analog com-
puters, such as those used in air-
craft systems, missiles and port-
able ground equipment. It may be
used to stabilize the zero and gain
of an ordinary direct-coupled am-

plifier or, if a wide bandwidth is
not required, it may be used in a
d-c amplifier having none of the
difficulties inherent in direct cou-
pling, as shown in Fig. 2.

The unit is also applicable in
d-c servos, and in many applica-
tions where vibrating-reed choppers
have been used. At present, the
variation in gain of the signal con-
version with temperature permits
most satisfactory performance in
circuits employing large amounts
of feedback.

Modulated Light Source

For the modulated light source,
the energy at about 6,300A in the
spectrum of a neon gas discharge
tube proved sufficient to saturate
the cell.

To obtain the most efficient util-
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FIG. 5—Temperature characteristic and
operating limits of typical photocell

for Guided Missiles

ization of the neon tube, it was
bent into a U shape, and placed so
as to illuminate the photocell from
both sides. Illumination of the cell
was further increased by packag-
ing the entire assembly in an en-
closure covered with a reflecting
material on its inside surface.
The neon tube of Fig. 4 would
require an ignition voltage of about
1,000 v if exciting voltage were
placed between electrodes 3 and 4
only. However, by introducing sev-
eral intermediate electrodes and ex-
citing them successively, the final
ignition voltage of anode 3 may be
reduced to as low as 250 v. This
low ignition voltage makes it pos-
sible to drive the chopper with
readily available 250 v d-c in series
with a 115-v a-c line. Average cur-
rent drain is only about 3.5 ma.
The various anodes begin to draw
current successively as the voltage
between the cathode (electrode 1)
and the point at B+ is increased.
Anode 1 begins to draw current
when the voltage difference is 125
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v. Anode 2 fires at 175 v and anode
3 fires at 250 v.

A limiting factor in the use of a
signal converter will be noise which
will tend to obscure small signals.
An important factor at low signal
levels is a-c¢ pickup due to capaci-
tive coupling between the lead sul-
fide cell and the tube anodes.

A second source of noise is
caused when the d-c voltage on the
neon tube is lowered so that the
neon actually extinguishes. In this
case a sharp noise peak is produced
each time the gas changes from
dark to light condition. The effect
of this noise can be eliminated by
using intermediate starting anodes
in the tube and operating at a suf-
ficiently high B4 voltage (about
350 v) to prevent the tube from
becoming totally dark at any por-
tion of its cycle. The noise peak is
substantially higher in frequency
than a 400-cps flicker voltage, hence
simple filter networks are effective.
The a-c pickup has been reduced
to a satisfactory level by enclosing

the photocell in a glass shield cov-
ered with a transparent coating
having a surface resistivity of ap-
proximately 300 ohms per square
inch.

To achieve maximum signal-to-
noise ratio, it is wise to use a 400-
cps bandpass amplifier. If the quad-
rature component is a source of
error, the demodulation with an
in-phase reference is an effec-
tive quadrature filter.

Ambient Temperature Range

Elevated temperatures reduce
the light-dark conductivity ratio
of lead sulfide cells and hence re-
duce the d-¢ to a-c conversion effi-
ciency, as shown in Fig. 5. Sat-
urating the photocell at the light
input peaks reduces this effect con-
siderably.

When the unit is operated at
room temperature, the chief limi-
tation on the life of the unit is set
by sputtering of the cathode of the
neon tube. Tests indicate an ex-
pected life of 10,000 hours.
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Pulse Transmaitter for

INCE 1946, a program of upper-
S atmosphere research has been
carried on using V-2, Viking and
Aerobee rockets launched at White
Sands Proving Ground, Las Cru-
ces, New Mexico. Vital to this
program has been development of
pulse  position-modulation  tele-
metering systems to meet the re-
quirements for relaying research
measurements—accuracy, reliabil-
ity and high-percentage recovery of
noise-free data.

This paper describes the 15-
channel AN/DKT-7 telemetering
transmitter designed primarily for
use in the Aerobee rocket and com-
patible with existing NRL ground
recording station (AN/FKR-1)
equipment.

The AN/DKT transmitter has
been flown in ten Aerobee rockets.
A typical nose installation is shown
in the photograph. Peak altitudes
have ranged from 50 to 86 miles
depending on the instrumentation
payloads. Maximum accelerations
encountered are approximately 15g.
There have been no failures to
date. Recovery of completely noise-
free data has been better than 96
percent of the total flight time on
each flight, with most of the losses
occuring as a result of antenna
shadowing while the rocket rose
through the launching tower.

Every transmitter prepared for
flight has been flown and in no case
has a spare transmitter been re-
sorted to.

Requirements

Specifications of the transmitter
are: 15 channels each with a
normal sampling rate of 312.5 cps,
overall intellicence rats 4,700
samples per second, input range 0
to 4+5 volts, v-f pulse width 3 usec,

Nose cone of Aerobee (left) contains (1)
break-otf mechanism and actuator, (2)
specirometer, (3) spectrometer power
supply, (4) lead-acid batteries, (5) timer
and calibrator, (8) distribution box, (7)
cutolf receiver and (8) telemetering
transmitter

r-f frequency 227 me, peak power
output 10 watts, channel deflec-
tion range 150 usec and one-per-
cent accuracy with in-flight calibra-
tion.

The transmitter has 15 triode-
duodiode data tubes. Each triode
section acts as a cathode follower
with the data fed to its grid. How-
ever, when either diode plate is
held sufficiently positive current
flow to the diode plate raises the
cathode potential of the tube until
plate current cutoff results (Fig.
1A). Gating voltages on the diode
plates thus permit the triode sec-
tions to be turned on and off in
sequence. The sequence is achieved
by using combinations of a scale-
0f-16 counter output as gating volt-
ages. The resultant data current
is collected at a common point and
transformed into a voltage which is
compared with a saw tooth to pro-
vide pulse-width modulation.

Gate Circuits

Gating is done in two steps.
Channels 1, 5, 9 and 13 have a com-
mon output. Similarly channels
2, 6, 10 and 14 have a common
connection. There are four such
groups, the last having onlyv three
data tubes. Simultaneously. the
first-channel tubes of each group
are allowed to conduct for 800 usec
by grounding their diode plates
during the period. Then the second-
channel tubes of each group are
allowed to conduct for 800 wsec and
SO on.

Each of the four groups is con-
nected to its collector tube which
is similarly gated. However, col-
lector-tube gating is such that the
first tube of the first group con-
ducts, then the first tube of the
second group and so on. Figure
1B shows a mechanical analogy of
the commutation process. By this
cascade arrangement, sequential
turn-on of the data tube current is
obtained and by tying the collector
plates to a common resistor, the
current derived from the voltage
applied to each channel may influ-
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Rocket Research

By D. G. MAZUR

Naval Research Laboratory
Washington, D. C

Airborne
Sampling

obtained.

with existing ground-station equipment

Transmitter is hinged for ease of servicing;
right-angle conneciors conserve space

ence sequentially the operation of
the pulse-width modulator.

Figure 2 displays the intercon-
nections of the data and collector
tubes and the gating combinations
applied to the diode plates. The
potential at the data-tube plate is
set by the fixed grid potential of
the collector tube. This permits
the data tube to act as a cathode
follower during sampling time.

Gating utilizes the complemen-
tary outputs shown in Fig. 3A of a
scale-of-16 triode counter in vari-
ous combinations. Each data tube
has its diodes connected to the
scale-of-8 and 16 counter outputs
while each collector tube has its
diodes connected to the scale-of-2
and 4 counter outputs.

The maximum time alloted for
each channel is 200 usec. This spac-
ing is derived from a free running
5-ke Clapp oscillator. The oscilla-
tor drives a thyratron saw-tooth
generator arranged to generate
both a saw tooth and a counter-
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T.plate construction dissipates heat while

drive pulse. The counter drive
pulse occurs in coincidence with
the discharge of the saw tooth giv-
ing synchronism between data-tube
switching and the saw tooth.

Modulator

Pulse-width modulation is accom-
plished in a regenerative, diode-
coupled, voltage comparator illus-
trated in Fig. 3B. The saw tooth
is coupled into a pentode and
causes its cathode potential to rise.
Meanwhile the triode has been
conducting and its plate voltage is
low. The saw tooth eventually
reaches an amplitude sufficient to
raise the cathode potential of the
triode and initiate cutoff. Cutoff is
regeneratively aided by the plate
voltage drop of the pentode coupled
back to the triode. The triode re-
mains cut off until the saw-tooth
discharge, when initial conditions
reassert themselves.

The data current is introduced
into the plate-grid coupling net-

telemeter for medium-sized instrumentation jobs provides 15 data channels.
rate is 312.5 cps, but one high-speed channel with a 1.250-cps rate may be

Equipment has performed reliably during 10 rocket flichts and is compatible

work and modifies the voltage at
which the triode will cut off. Large
data currents will lower the grid
potential of the triode and result
in turn-off at lower values of saw-
tooth voltage. Conversely, small
data currents will raise the triode’s
grid potential, and result in turn-
off at higher values of saw-tooth
voltage. In practice, the saw-tooth
voltage and an adjustable resistor
in the triode grid circuit are varied
so that there is a finitely wide
triode output-pulse for each chan-
nel tube at zero input.

High-Speed Data

Of the 200 usec alloted for chan-
nel spacing, only 150 are used for
100-percent modulation. Part of
the remainder is left for guard
bands and part for the deionization
time of the saw-tooth generator.
Some of the period is wasted by
poor rise time of the switching cur-
rents.

A data tube may have its sam-
pling rate quadrupled by removing
the connections from the scale-of-
8 and 16 counters normally tied to
its diodes. Thus the data tube con-
ducts four times during each frame
instead of once. The remaining
three data tubes normally con-
nected to the common point must be
removed and the single high-speed
channel conducts during its own
as well as their time periods. If
channel three is made a high-speed
channel, conduction will occur dur-
ing periods 3, 7, 11 and 15.

Thus at a sacrifice of three chan-
nels, a high-speed channel may be
created with a sampling rate of
1,250 cycles. This is not the same
as connecting four normal chan-
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INPUTS

FIG. 1-—Basic data-tube circuit (A) and mechanical analogy of commutation process (B)

nels to the same input since due to
variations in channel guard bands
four normal channels would have
different zero positions while the
high-speed channel has the same
zero each time it conducts. Re-
moval of the 8 and 16 counts is
easily effected by clipping the diode
pins of the data tube. Recording
the high-speed channel must be
done by an oscilloscope with a
repetitive synchronized trigger to
gain the advantage of the in-
creased sampling rate.

Synchronization

The pulse-width modulation out-
put of the voltage comparator cir-
cuit is differentiated and mixed
with frame synchronization pulses
in a common stage. The frame
synchronization, necessary for
locking the ground decoding and
recording equipment to the air-
borne pulse pattern, is obtained
from a triple-pulse code consisting
of three pulses spaced approxi-
mately 7.9 wsec apart. This code
is required by the design of ground
equipment already in existence
when the airborne unit was devel-
oped. (See N. R. Best, Matrix Tele-
metering System, ELECTRONICS, p
82, Aug. 1950.) Generation of the
triple pulse in the transmitter is ad-
justed to occur 100 usec following
a channel reset. The delay prevents
any data pulses combining to give
false synchronization and gives the
ground station a clear period where
nothing but the synchronizing sig-
nal is transmitted.

The synchronizing code is initi-
ated by the scale-of-16 positive-
counter output. The scale-of-16
positive output triggers a phantas-
tron delay generator adjustable to
100 usec. The phantastron output
pulse triggers a self-restoring mul-
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tivibrator having in the plate of the
normally conducting tube an L-C
resonant circuit., Upon being trig-
gered, the tube shuts off and shock
excites the L-C circuit, producing
a damped sine wave whose peaks
are separated by 7.9 usec. The mul-
tivibrator constants may be varied
to produce two, three or four cycles
of sine wave before restoring it-
self. The sine wave is then shaped
into pulses and mixed with the dif-
ferentiated pulse-width modula-
tion in a video amplifier.

Since the whole channel period
following counter reset is used for
the triple pulse, only 15 intervals
remain for data pulses. The second
interval is called channel 1, the
third channel 2 and so on.

The combined video is fed to a
blocking oscillator having a 8-usec
delay line to shape the pulses. A
self-excited 227-mc Colpitts oscilla-
tor is grid pulsed by the blocking
oscillator output. A simplified ver-
sion of the r-f oscillator is shown in
Fig. 4A. Driving pulses applied to
the grid overcome the self bias de-
veloped by previous pulses. The
time constant is adjusted to hold
the oscillator off between pulses. In
the absence of modulation, the os-
cillator will squege at a low rate.
The output r-f pulse is nearly
square. Peak power during the
pulse is 10 watts with a average
power of 0.2 watt.

Calibration

The accuracy of the unit is en-
hanced by in-flight calibration. The
transmitter provides a source of
constant current to the calibration
circuit shown in Fig. 4B. This
source consists of a regulated
cathode follower having its grid
and plate potentials set by v-r
tubes. An adjustable resistor in

the calibrator connected in series
with the cathode of the cathode
follower permits 10 ma to flow
through five, precision, 100-ohm
resistors resulting in one-volt tap
points from zero to five volts.

The calibrator includes a set of
motor-operated cams controlling
microswitches that sequentially dis-
connect the data from each channel.
The channel is then connected to a
commutator sampling the divider
tap points.

A complete calibration period for
each channel lasts % sec. During
this period every channel has ap-
plied to it briefly zero, 1, 2, 8, 4 and
5 v. All 15 channels are calibrated
in sequence and it is possible to
omit calibration of any channel if
desired. The calibration cycle re-
peats every 16 seconds; about two
percent of the data is lost during
calibration. The circuit is stable
to better than one percent over
conditions of widely varying input
voltage.

Primary power sources are an
8-v battery that furnishes filament
voltage and a 28-v battery that

Table [ —Electrical Characteristics

(1) 5-kc oscillator drift == 1 cps
with 10-v plate variation, =+ 5-
cps drift after operating 15 min

in case

(2) Modulation linearity — within
1 percent of straight line up to
4v, within 2 percent from 4-5v

(3) Maximum crosstalk — 0.5
usec or 0.3 percent of total de-
flection

(4) Channel noise (jitter) — less

than 0.3 usec or 0.2 percent of
total deflection
(5) Calibration accuracy — within
0.2 percent using 0.1 percent cali-
brator resistors

(6) Variation of pulse position
with input impedance -—— about
0.3 percent

(7) Normal channel time constant
— 500 usec

(8) Repeatability (obtained by
plotting  successive  calibration

points throughout severo! flights)
— within V%2 percent.

(9) Variation of pulse position
with heat (15 min) — within
1 percent

(10) Overall accuracy — about
2 percent without calibration,
better than 1 percent with cali-
bration

(11} Over-voltage protection re-
quired only for positive voltages
greater than 5-6X normal input
voltage

(12) Battery operation time — 44
min on lead-acid batteries, 38 min
with Silvercels
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runs both a dynamotor and a cali-
brator motor. The dynamotor sup-
plies a nominal 320 volts d-¢ which
is dropped to provide plate voltage.
Critical circuits are operated from
a regulated 150-v bus.

Mechanical Design

The transmitter is approxi-
mately 9 in. high, 9 in. wide and
12 in. deep. It is housed in a pres-
sure-tight case having all panel
holes sealed with gaskets or
0-rings; AN connectors for power,
control and input leads are mounted
at right angles to the front panel
to conserve space.

The transmitter weighs 18
pounds, the external calibrator 33
pounds and, when powered with
lead-acid batteries, the complete
installation, less antenna and inter-
connecting cables, weighs about 43
pounds. Use of Silvercels instead
of lead-acid batteries reduces the
overall weight to about 32 pounds.

Commercial Version

The transmitter’s electrical char-
acteristics are given in Table 1.

A commercial model of the trans-
mitter is approximately the same
size and weight as the NRL unit
and utilizes the same type of con-
struction. However, the former
employs a 5687 trigger amplifier
and blocking oscillator and a 5687
modulator amplifier. A 5703 is
used as the overtone crystal oscil-
lator at 75.833 me and is tripled to
2275 mc using another 5703. A
third 5703 tube constitutes a
driver feeding two 6021 push-pull
r-f amplifiers. The tripler, driver
and final amplifiers are plate pulsed
by the 5687 modulator amplifier.
Peak-power output is better than
40 watts and pulse shaping reduces
radiation at points 1.5 me from the
carrier 30 db.

Development and production of
the AN/DKT-7 transmitter was
carried on under the direction of
J. T. Mengel. Those responsible
for design, development, construe-
tion and field use were K. M.
Uglow, N. R. Best, R. Lowell, R.
Freudberg, J. B. Flaherty, J. Y.
Yuen and L. F. Schmadebeck.
Assistance has been provided by
members of P.S.L., New Mexico
College of Agriculture and Mech-
anic Arts under contract to NRL.
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Microwave Applications

High electron densities in low-pressure gases provide means for electronically controlling

microwave signals. Switches, modulators, phase shifters, oscillators and microwave

gyrators are among devices that can be based on this phenomenon

AS DISCHARGE PHENOMENA are
G presently used in two princi-
pal microwave applications, gaseous
microwave noise sources' and gase-
ous t-r and atr radar switch tubes®
However, because gas discharges
can be varied and controlled elec-
tronically, they have potential util-
ity in a variety of other microwave
devices such as electronically vari-
able reactances, attenuators, phase-
shifters, electronic switches and
couplers, electronically tunable
resonant cavities and oscillators
and the microwave gaseous gyrator.

In the discussion of the various
devices, the mathematical expres-
sions are given first and then the
applications are derived logically.
For the equations presented, the
gas discharge is assumed to be an
unbounded infinite medium consist-
ing of equal concentrations of elec-

trons and positive ions. This med-
ium, called a plasma, strongly
resembles the brightly glowing

region. called the positive column,
of a d-c or low-frequency a-c gas-
eous discharge. Plasmas also occur
in nature in the earth’s ionosphere,
the sun’s atmosphere and inter-
stellar space. The expressions for
free space also describe, at least
qualitatively, the properties of a
plasma in a bounded transmission
line such as a waveguide.

The mathematical expressions
included in this article indicate
that all the effects observed in gas
discharges are a function of the
electron volume density. In a gas
discharge, it is possible to realize
electron volume densities having
orders of magnitude many times
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larger than those realizable in a
vacuum,

As a result, many effects that
are small when an electron cloud or
beam is used in a vacuum become
large enough in a gas-discharge
plasma to be of practical magni-
tude. In addition, because electron
volume density is proportional to
the current flowing through the gas
discharge, the control of discharge
current offers a means for elec-
tronic control of the device. Al-
though this feature of electronic
control is an important advantage
to the designer, the possible pres-
ence of disadvantages such as drop
of gas pressure with life (gas
cleanup), instability, generation of
noise and possibly limitations to the
attainable speeds of control of elec-
tron densities must also be consid-
ered.

Gas-Discharge Plasma

Maxwell’s laws of electromagnet-
ism show that gas-discharge
plasma, as far as an electromag-
netic wave that is propagating
through the plasma is concerned,
can be represented by a dielectric
having a relative dielectric con-
stant®

e.r.N, [N
«=1- eomMuw® sam,,c:Z 1)

The middle term of the right-
hand factor represents the contri-
bution due to electrons and the last
term is the contribution due to
positive ions. The subscripts n
and p refer to negatively and
positively charged particles. re-
spectively. In the equation, N is

the number of particles per cubic
meter (volume density), and e and
m are the charge and mass of the
particles, respectively, ¢, is the di-
electric constant of free space and
o = 2xnf is the angular frequency
of the electromagnetic wave propa-
gating through the plasma.

The ions are not present as far
as the electromagnetic wave is
concerned. Even for the lightest
element, hydrogen, the mass of the
positive ion (which is then merely
a proton) is 1,837 times the mass
of an electron. Therefore, because
e, equals e, and N, equals N,, the
last term in Eq. 1, representing the
contribution due to the positive
ions, is neglibible in comparison to
the term representing the contribu-
tion due to the electrons. Equation
1 may be reduced to

e=1- &\ )

€My w?

Thus, the gas-discharge plasma
appears to the electromagnetic
wave as an electron gas, except that
the space-charge forces of the elec-
trons are largely neutralized by the
positively charged ions, diffusion
of the charged particles is slow and
very large electron densities are
realizable.

Tunable Circuit

The relative dielectric constant
of a plasma, unlike that of ordi-
nary materials, is less than unity.
In addition, the value of ¢, depends
on N, the electron volume density.
If the plasma exists between two
capacitor plates, the dielectric
constant and capacitance can be
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of Gas Discharges

varied. The connection of an in-
ductance to this capacitance forms
a resonant circuit, the resonant fre-
quency of which can be varied elec-
tronically.

Such a tunable resonant circuit
and the results* obtained at a fre-
quency of 375 mec are shown in Fig.
1A and 1B. A practical arrange-
ment might be like that shown in
Fig. 1C.

Phase Shifting

As the dielectric constant of a
region is varied, the phase-constant
B of the wave traversing the med-
ium is also varied because 8 is pro-
portional to 1/\/e. In the elec-
tronic phase shifter shown in Fig.
2A, the waveguide has a gas-filled
tube at least as long as one guide
wavelength.

The gas-discharge tube has a
pointed end to reduce reflections.
Results obtained with similar
tubes’ in a small X-band rectangu-
lar waveguide at 8,500 and at
12,000 megacycles are shown in
Fig. 2B. At a discharge current
of 16 ma, the d-c power input to the
discharge was 2.72 watts and the
attenuation was only 0.5 db. In-
creased phase shift may be obtained
by lengthening the discharge tube.
The application of a modulating
voltage to the input of the tube
phase-modulates the microwave
signal.

For combinations of high values
of N, and low frequencies, ¢, will
go through zero and become nega-
tive. Under such conditions the
phase constant 8 becomes imagi-
nary, propagation ceases and the
wave is reflected near the point
where the dielectric constant be-
comes negative. This condition is
analogous to that of a waveguide
beyond cutoff. The plasma appears
to the propagated wave as a metallic
conductor.

This effect has been used in the
coaxial switch® shown in Fig. 3A.
Attenuation is high at zero dis-
charge current in this device be-
cause the gap section of coaxial
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line appears as a waveguide beyond
cutoff. With a large discharge cur-
rent, however, the electron density
is such that &, becomes negative
and the wave will not propagate in-

side the plasma; the inner con-
ductor appears continuous and
attenuation is low. Figure 3B

shows the relative electron density
distribution in the discharge tube.

A curve of the attenuation as a
function of discharge current is
shown in Fig. 3C. Switching rates
can be as high as 10 ke. Residual
attenuation is 2 db at 5,000 mc for
a pressure of neon equal to 5 milli-
meters of mercury. Attenuation in
the order of 1 db or less is attain-
able. A possible application for
this coaxial switch might be in
antenna switching.

High-Pass Filter

Because ¢, is also sensitive to the
angular frequency o, the plasma
has the properties of a high-pass
filter, as shown in Fig. 4. In addi-
tion, the cutoff frequency can be
varied by varying the electron
density, N..

The cutoff frequency of such a
filter would fall in the microwave
region for practical values of N,.
The cutoff frequency, f,, in cycles
per second, is obtained by setting
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e, equal to zero in Eq. 2, thereby
obtaining the expression

f» = 898 X 108 VN, 3)
where the value of N, is given in
electrons per cubic centimeter.
Some sample values of N, and f,
are shown in Table 1.

The cutoff frequency, f,, has a
fundamental significance’. Known
generally as the plasma-electron
oscillation frequency, f, is the fre-
quency at which the electrons oscil-
late in phase with the exciting elec-
tromagnetic field. At or near this
frequency, electrons move in a
group in an oscillatory motion,
thereby setting up very strong
oscillatory fields within the plasma.

If, due to a random disturbance,
one region in the plasma has a
slight excess of electrons, the elec-
trons repel one another and move

Table I—Cutoff Frequencies for
Gas-Discharge High-Pass Filters

Electron Cutoff
Volume Density N, Frequency f,
in electrons per cc in me

108 9
108 90
100 898
101 2,810
102 8,980
101 28,400

apart in such a direction as to re-
establish neutrality in the plasma.
However, the electrons gain mo-
mentum and keep on moving, creat-
ing a region in which there is a de-
ficiency of electrons. Because this
region then attracts the electrons,
their motion is reversed and a
coherent oscillation is set up.

Electron oscillations in the plas-
ma produce fields closely analogous
to the oscillatory electric fields in
a cavity resonator.® An oscillating
sheet of plasma may be only a few
tenths of a millimeter thick. A
beam of primary electrons passing
through such a sheet would be
velocity modulated and the elec-
trons bunched after drifting for a
suitable distance. This effect is
similar to that produced in a kly-
stron. Figure 5 shows the straight-
line relationship between the bunch-
ing distance and the bunching
parameter for a gas discharge.
This curve is similar to the rela-
tionship obtained for a klystron.

The lower-frequency oscillations
in plasmas have been shown to cor-
respond to the plasma-ion oscilla-
tion frequency.

Plasma With Collisions

The devices discussed thus far
utilize plasmas employing selected
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gases at low pressure to minimize
the frequency of collisions of elec-
trons with neutral or ionized gas
molecules, Under different condi-
tions, losses due to such collisions
cannot be neglected and the expres-
sion for the relative dielectric con-
stant of the plasma includes a
damping term and becomes a com-
plex quantity.

_ _ O)pz 0 & (.I)p2
w1 gE T < w> a4z @
In this expression, f, is the average
frequency of collision of an electron
with neutral orﬂlized gas mole-
cules and j = V —1,

Attenuator and Modulator

The lossy property of the plasma
was utilized in the construction of
an electronically variable hot-cath-
ode attenuator® in rectangular wave-
guide, At X-band frequencies, at-
tenuations as high as 30 db were
obtained with this device. The at-
tenuator is wide-band and can be
used for c-w or pulse applications.
Attenuation was observed to be in-
dependent of incident power up to
the point where the incident power
produced ionization,

Several types of cold-cathode gas-
discharge microwave attenuators
for use at X-band frequencies have
been described.® When an attenu-
ator such as that shown in Fig, 6
was operated in an automatic gain-
control circuit, a variation in micro-
wave power output as small as 0.5
db could be obtained for a 20-db
variation in power input. The max-

imum power input used in these
measurements was about 10 milli-
watts.

The tube shown in Fig., 6 was
also used as a modulator of micro-
wave signals. It was possible to
obtain practically undistorted 100-
percent amplitude modulation at
frequencies up to about 50 ke and
reasonably undistorted 20-percent
modulation up to 500 kc. The at-
tenuation and voltage characteris-
tics of the tube are also shown.

Direct-current tests indicate
that the life of this tube is in the
order of 500 hours. The vswr of the
tube varies from about 1.2 to 1.5
when attenuation is varied from
0 to 40 db.

In another type of attenuator, a
resonant element such as that
shown in Fig, 1C is detuned, there-
by varying the fraction of the
microwave signal that is trans-
mitted to the load through the
resonant element.™

Plasma in Magnetic Field

For a wave propagating in a di-
rection parallel to the magnetic-
field vector, the dielectric constant
of the plasma splits into two values

wp?

S w(w 4= wrr) ®)
where w, = [(e,/m,) B] = (1.76 X
10" B), the angular velocity of an
electron rotating in a magnetic
field, in radians per second and
B is the magnetic-field density in

webers per sq meter.
Upon entering the plasma, there-
fore, a plane-polarized wave splits

- .
/
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FIG. 7—Rotation characteristic (A) of

gas-discharge tube controlled device for

rotating plane of polarization and (B) Faraday polarization rotator
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into two components that are cir-
cularly polarized negatively and
positively and have different phase
constants. The two components,
called ordinary and extraordinary
waves, have different velocities in
the plasma, Upon emerging from
the plasma they unite to form a
plane-polarized wave whose plane
of polarization has been rotated
with respect to the incident polar-
ization. This phenomenon is known
as the Faraday effect.

Rotation of the plane of polariza-
tion is shown as a function of mag-
netic field density in Fig. TA. The
device used in obtaining these re-
sults” is shown in Fig. 7B. For a
fixed value of magnetic field, a
variation in discharge current pro-
duces a variation in angle of rota-
tion of the plane of polarization,

Gyrator

The process described above is
unusual in that it is nonreciprocal.
If a wave traveling in one direction
is rotated clockwise, a wave travel-
ing in the opposite direction is also
rotated in the same clockwise direc-
tion. This effect makes it possible
to design a gas-tube microwave
gyrator, Figure 8 shows a gas-tube
microwave gyrator for decoupling
two waveguides. Even when a short
circuit is present at the end of
waveguide B, waveguide A appears
to be terminated in a matched load
because a wave reflected at the short
circuit is absorbed in the gyrator
and never reaches waveguide A.

Waveguide B is at an angle of 45
degrees to waveguide A. The gas
pressure and current of the plasma
and the magnetic field are adjusted
to produce a rotation of 45 deg in
the plane of polarization so that a
wave traveling from A to B is
rotated the necessary amount to
enter guide B in the dominant mode
and continue to the load. A wave
traveling from B to A, however, is
also rotated 45 degrees. This wave
cannot enter waveguide A and is
absorbed in the resistance card.

The Faraday effect can be utilized
in various other designs including
the wuse of ferromagnetic ma-
terials.”

In the gyrator it is desirable that
the value of » should not approach
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FIG. 8—Microwave gyrator for decoupling two waveguides uses
Faraday effect to rotate plane of polarization of unwanted wave
so that it will be attenuated by resistance card

the value of w, so that attenuation
will remain low. If w is equal to v,
the circularly polarized wave com-
ponents rotate at the same angular
velocity as the electrons rotating as
a result of the presence of the mag-
netic field (wu - o B> This is
gyromagnetic resonsnce.

The wave component rotating in
the same direction as the electrons
is completely absorbed while the
wave component rotating in the
opposite direction passes through
unattenuated.

As a result of this, a circularly
polarized wave emerges from the
plasma at a power level 3 db lower
than that of the plane-polarized
wave entering the plasma. For the
case of o not quite equalling wy,
varying degrees of elliptical polar-
ization will result. This situation
also exists in nature in the iono-
sphere and is in part responsible
for the familiar fading of sky-wave
radio signals. In this case, B is the
magnetic field of the earth.

Gas-Discharge Oscillator

Figure 9 is a schematic diagram
of a gas-discharge oscillator.” This
device, operating at a pressure near
one micron of mercury vapor, can
oscillate over a frequency range
from 1,200 to 3,000 mc at an output
power of one to several watts. No
tuned circuits are involved. Fre-
quency is changed electronically by
varying different potentials. The
electric field in the tube is distri-
buted as shown in the graph,” and
the device, therefore, is analogous
to a double-cavity klvstron tube.
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There seems to exist in the two
space-charge regions strong oscilla-
ting movements of masses of
charged particles whose frequency
of oscillation corresponds approxi-
mately to the plasma-electron
oscillation frequency. The central
plasma region corresponds to the
drift space of the klystron. This
device can also be analyzed as
a growing-wave tube. The central
plasma is then considered to be a
cylindrical dielectric resonator con-
taining a dispersive medium.

Tunable Resonant Cavity

In the tunable resonant-cavity
system shown in Fig. 10, an
electron gun shoots a beam into a
resonant cavity at gas pressure in
the order of 10 microns of mercury.
With the magnetic field adjusted so
w/w,; = 1.10, changes in frequency
from 3,280 to 4,300 me (30 percent)
were obtained for an S-band cavity

and from 9,170 to 10,800 mec

MAGNETIC ELECTRON

POLE PIECE

WAVEGUIDE
RIDGES FOR
CONCENTRAT
ING ELECTRIC
FIELD

MAGNETIC

POLE PIECE

FIG. 10-—Wide-range tunable resonant
cavity

FIG. 9—Gas-discharge oscillator with graph of electric field
potentials. With a pressure of one micron of mercury, oscillator
will cover range from 1,200 to 3,000 mc

(18 percent) for an X-band cavity.

The author is grateful to M.
Lampert of the RCA Laboratories
Division in Princeton, N. J. for his
kind encouragement in coniection
with the preparation and writing
of this article.
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Tunable Audio Filters

Clamped resonant bar as an electromechanical filter can be tuned within a spectrum of 5

percent using an electromagnet energized from a source of variable direct current. For

frequencies from 60 to 700 cycles, factors of Q range between 100 and 400

WING to their inherently high

Q factor, tuning forks are
extensively used in precision low-
frequency timing generators™® and
as interstage coupling filter net-
works in certain types of selective
audio amplifiers®. Their applications
are somewhat restricted, on the
other hand, by Q’s between 2,000
and 10,000 as well as by inherently
long time constants and critical
balancing requirements.

To permit construction of inex-
pensive selective low-frequency,
fast-response amplifiers and stable
oscillators, with the additional fea-
ture of electronically tuning the
resonant frequency over a con-
siderable spectrum, a new kind of
electromechanical filter of the
resonant-reed variety has been de-
veloped.

Filter Characteristics

These new filters are character-
ized by moderate Q factors when
compared with those of tuning
forks, but the Q is readily variable
within a broad range. Experimental
filters with operating frequencies
from below 60 to over 700 cycles per
second have been used with reason-
able success for mobile selective
signaling, remote supervisory con-
trol and switching applications.

A remarkable similarity of be-
havior has been observed between
these new electromechanical filters
and a shorted quarter-wavelength
transmission line section.

ELECTRONICS — November, 1954

By GEZA ZELINGER

Royal Institute of Technology
Stockhknlm, Sweden

Remote selective switching equipment for telemetering uses filter (right rear).
Variable tuning coil not used here

The fundamental resonant fre-
quency of a rectangular elastic bar
clamped at one end' as shown In
Fig. 1 is given by the equation

o _ 05508 (v, K2\
o = — ﬁ o _'p—‘ (1)

where f, is fundamental resonant
frequency in cvcles per second, i is
length of the bar in centimefers, Y.
is Young’s modulus of elasticity in

dynes per square centimeter, K de-
notes radius of gyration and ¢ is
specific density of the bar per
cubic centimeter.

In rectangular bars, K = a/(12)%
where a is thickness of the bar in
the direction of vibration in centi-
meters.

From tables of physical constants®
for wrought iron and steel Y, =
20 x 10" dynes per square centi-
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meter and o = 7.9.
Solving Eq. 1 for I

172 174
1= <i‘}‘r‘:%~> <—Y’"pK2 ) @

The width dimension of the bar
does not enter as a factor into Eq.
1 and 2. Therefore the width of
the resonant member may be
chosen arbitrarily in accordance
with mechanical or electrical re-
quirements.

Basic Filter

If clamped bar B is provided with
a set of input and output coil as-
semblies C and D as shown on Fig.
2, the bar may be excited into reso-
nant transverse mechanical vibra-
tions by applying alternating cur-
rent of the correct frequency across
input coil terminals D.

The electromotive force resulting
from the vibration at C is propor-
tional to the rate of change of the
magnetic flux in the air gap and to
the number of turns of the output
coil’. The generated voltage is
sinusoidal, since the mechanical dis-
placements of the vibrating bar
are, in practice, very small. Length
required for an experimental 118-
cycle filter using flat steel bar of
0.7-millimeter thickness can be
computed from Eq. 2,

p = (055% \"
B 118
0.07 \° 1 A
11 —
X [20><10 <\/12> 79 ]

I!= 6.87 centimeters

Constructional details of an
electromechanical filter built on
these principles is illustrated. The
working mechanical elements of
the filter may be represented as an
equivalent lumped-parameter elec-
tric network’. When this is done
the electromechanical filter as-
sembly as a whole may be replaced
by the equivalent lumped-parameter
network of Fig. 3.

The frequency response of such
a network may be conveniently
measured by connecting a constant-
voltage variable-frequency genera-
tor across the input terminals and
a vacuum-tube voltmeter across the
output terminals. Frequency re-
sponse of experimental filters for
118.5 and 709 cycles was similarly
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measured. Results are shown in
Fig. 4 and 5, respectively.
By definition
Jfo

= - ®)

where f, is resonant frequency and
Af is bandwidth at 0.707 times
maximum response. Figure 4 shows
the Q factor of this particular
filter to be @ = 118.5/0.7 = 170,

By definition

Q = wlL/R @
where w, is the angular resonant
frequency, L the equivalent induc-
tance and R the equivalent resist-
ance of the filter.

From Eq. 4

Q=QL/R)xf )]

But from the theory of lumped
parameter LCR circuits®

2L/R = T, = time constant (6)

Therefore Eq. 5 may be put into
the form

Q="Torfo (7)
_ Q
Ty = e (8

For the sample filter under con-
sideration; T, = 170/z 118.5 =
0.457 second

When a third coil assembly F
(Fig. 6) is added to the simple
electromechanical filter, the filter
acquires further useful features.
If this third control coil is ener-
gized from a variable direct-current
source, the resonant frequency of
the system varies almost linearly
with the applied control current.

The mechanism of this pheno-
menon may be better visualized
with the equivalent lumped-para-
meter electrical network (Fig. 3).
Resulting from the action of the
direct-current excited control coil,
the elastance of the clamped reso-
nant bar is influenced, which is
synonymous with a change of
capacitance C,. The resonant fre-
quency of the system therefore
changes.

Control Characteristics

Figure 7A shows measured fre-
quency shift of a 118.5-cycle filter
as a function of control current.
The mechanical stiffness of the
resonant bar increases with cur-
rent. It follows from reasoning that

the insertion loss of such a fre-
quency-controlled electromechanical
filter should also increase. This has
been experimentally verified and

CLAMP

FIG. 1—Basis of the electromechanical
filter is the clamped resonant bar with
important dimensions marked
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FIG. 2—Basic elements of the electro-
mechanical filter with fixed resonant
frequency

FIG. 3—The electromechanical device
shown in Fig. 2 is represented by a
lumped-parameter electrical network
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FIG. 4—Frequency response of the ex-
perimental fixed-frequency 118.5-cycle
electromechanical filter
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Fig. 7B shows measured Insertion
loss as a function of control current.
For completeness, a plot of the

ratios of the same filter with zero
control current is shown in Fig.
7C. The graph of Fig. 7D shows

measured  input-output  voltage how the control current reduces de-
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FIG. 5—Frequency response of experi- 5
mental electromechanical filter operat-
ing at 709. cycles @ oar
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FIG. 6—Constructional details of the ex-
perimental variable-frequency electro-
mechanical filter showing the method
of polarization

FIG. 7—Various characteristics of ad-
justable filters under several conditions
of operation as explained in the text of
the article

AUTOMATIC

MANUAL
CONTROL

ST
3 +

QUTPUT

FIG. 8—Electromechanical filter used as tunable interstage selective coupling net-
work. Control coil F is energized through a control tube
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pendence of the resonant frequency
upon the magnitude of the applied
a-c¢ input drive voltage.

Control coils of the experimental
filters were wound with 8,500 turns
of 0.05-millimeter diameter enamel-
insulated copper wire. Total re-
sistance is approximately 2,500
ohms. The sliding coil assemblies
are positioned between 0.15 and 0.7
millimeters from the clamped reso-
nant bar.

Applications

One application of the filter is
shown in Fig. 8 where it is used as
an electronically tunable interstage
filter network. Control coil F is
energized from a constant-current
source through a control tube. The
plate current passed by this tube
is set by the potentiometer, thus
providing manual frequency con-
trol. The resonant frequency of the
filter may be further shifted from
the preset value by the applica-
tion of incremental d-c signals
across the grid-cathode terminals
of the regulator tube.

The electromechanical filter can
be used as a tunable frequency-
determining element in a feedback
oscillator. In this case, coil C would
be connected to the input and coil
D to the output of a suitable
amplifier.

Development work on the electro-
mechanical filters described has
been carried out by the writer
since 1949 at the Electronies Lab-
oratory of the Department of
Scientific Research and Develop-
ment, Ministry of Defence of the
State of Israel. Credit is due to
Ernst D. Bergman, director of the
Department, for his encourage-
ment to prepare and permission to
publish this paper.
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RELIABILITY Check List for
Electronic Equipment Designers

By The Enginecring Division

U. 8. Navy Eleotronics Laborary
San Diego, California

One-hundred points that engineers and others responsible for design, production and

use of electronic equipment should consider while planning military gear. Many of the

requirements are applicable also to products intended for civilian use

CIRCUITRY

Use tubes from the Armed Ser-
vices Preferred List of Electron
Tubes. Do NOT use selected tubes
under any circumstances.

Provide 10 percent (at least 2)
spare terminals on terminal strips
and boards.

Undesired radiation must be
within the limits specified by MIL-
1-16910.

Provide protection from damage
due to overload, excessive heating,
etc.

Fuse or otherwise protect both
sides of the line, and provide spare
fuses in a convenient location.

Conductors shall be bound into a
cable and held by means of lacing
twine or other acceptable means.
Long conductors or cables should be
secured to the chassis by cable
clamps.

Allow sufficient slack in the ends
of flexible conductors to preclude
breakage due to vibration.

Keep use of relays to a minimum.

Wires and cables run through
holes in metal partitions must be
protected from mechanical damage
by grommets or other acceptable
means.

All soldering lugs, studs, and ter-
minals must be provided with a
means for mechanically securing
the wire lead prior to soldering.

Do not use solderless lugs unless
specifically approved.

Do not use acid or corrosive
soldering fluxes.

Do not depend on soft solder for
mechanical strength.

Do not join leads without a sup-
port at their junction.

Keep “parts peculiar” to an abso-
lute minimum.

CONTROLS

Controls infrequently required
shall be accessible when the equip-
ment is open for maintenance pur-

poses. Maintenance controls shall
be screwdriver adjusted.

All controls should be -clearly
labeled with standard nomenclature
and marked, indexed, or metered
such that the control position can
readily be identified.

Controls shall be arranged to fa-
cilitate smooth and rapid manipula-
tion,

Adequate end stops shall be pro-
vided on all controls with limited
degree of motion.

All control shafts and control
shaft bushings shall be grounded.

Provide control locks where speci-
fied.

Glass windows shall be secured to
the panel by means of clips or other
devices. Do NOT use cement alone.

Provide dimmer control for all
dial and indicating lights.

Light leakage shall be prevented.

Control knobs should be kept to a
minimum and have standard shape
and color. Control knobs should be
secured by means of 2 setscrews.

Controls and indicators which are
only occasionally required should be
mounted behind hinged doors.

All moving parts shall operate
smoothly and quietly without in-
troducing objectionable electrical
noise.

Backlash and torque-lash shall be
kept to a minimum.

Tuning instructions and calibra-
tion charts shall be mounted on the
equipment when such instructions
and charts are required.

Pilot lights should be of the lock
type and replaceable from the front.
Do not series-connect pilot lights.

SAFETY

Provisions shall be made to pre-
vent personnel from coming into
contact with voltages in excess of
50 volts while installing, operating,
or interchanging assemblies or
plug-in parts.

All external metal parts shall be
at ground potential. Antenna and
transmission line terminals shall be
at ground potential except with re-
gard to the energy to be radiated.

Provide safety covers for poten-
tials from 50 to 400 volts where in-
terlocks are not provided. Interlocks
and automatic discharging devices
must be provided. Interlocks and
automatic discharging devices must
be provided where potentials exceed
400 volts.

Provide personnel
from moving machinery.
Provide crt with safety glass.

Adequate safety factors and de-
rating must be used in order to in-
sure maximum reliability of equip-
ment in service.

Use miniature parts and sub-
assemblies where possible, coordi-
nated with cognizant Bureau of
Ships codes.

Doors or hinged covers should be
rounded at the corners and provided
with slip hinges and stops to hold
them open.

Plugs and connectors should not
expose ‘‘hot” leads.

protection

MAINTENANCE

All circuits must be readily acces-
sible for servicing.

Make provision to lock assemblies
in the maintenance position.

A servicing power outlet, sepa-
rately fused, shall be provided on
each major unit.

Built-in test equipment (meters,
ete.) should be used, to determine
qualitatively whether the equipment
is operating normally.

Do not provide portable test
equipment.

Provide test points for checking
essential wave forms and voltages
where terminals are not otherwise
accessible.

(Continued on p 178)
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THIS 1S A LIST OF CINCH COMPONENTS
(INCLUDING THOSE OF-CINCH-JONES DIVISION):

SOCKETS: TUBE (RECEIVER, TRANSMITTER AND SPECIAL): BATTERY, ALL TYPES + C-R
TUBE » CRYSTAL * ELECTROLYTIC ¢ GLASS TYPE; 4 TO 7 PRONG LAMINATED ¢ INFRA-
RED RAY TUBE  HIGH ALTITUDE AIRBORNE TYPES « KINESCOPE; MAGNAL, DUODECAL,
DIHEPTAL ¢ LOKTAL-MINIATURE-MULTIPLUG-NOVAL OCTAL (MOLDED BAKELITE, STEA-
TITE, TEFLON, KEL-F AND LAMINATED) « PLEXICON <+ PRINTED CIRCUIT < SPECIAL
SOCKETS TO SPECS « SUB-MINIATURE; HEARING AID TYPES « TV; 110V CIRCUIT BREAK-
AWAY -« VIBRATOR < PENCIL TUBE TRANSISTOR * DIODE

ANTENNA JACKS * METAL STAMPINGS * BANANA PINS AND JACKS « MICRO-CONNEC-
TORS « BARRIER TERMINAL STRIPS + MOUNTING DEVICES * FANNING STRIPS « PHONO
TIP JACKS » BATTERY PLUGS & SOCKETS ¢ PRINTED CIRCUIT, CONNECTORS SHIELDS,
TUBE-MINIATURE & NOVAL & BASES SOLDERING LUGS—200 VARIATIONS ¢ BINDING
POSTS « DIODE SOCKET ¢ CONNECTORS, MULTI CONTACT « FUSE STRIPS, BLOCKS &
BOARDS ¢ GRID CAPS « STRAP NUTS * GRID CAP SHIELDS * TRANSISTOR SOCKET ¢ TUBE
HOLDERS—SPRING TYPE « HERMETICALLY SEALED TUBE SOCKETS + VIBRATOR PLUGS
AND SOCKETS

TERMINAL ASSEMBLIES: BLOCKS, BOARDS IN LAMINATED AND MOLDED, ASSEMBLED
WITH LUGS, PINS, SCREW TERMINALS, CONTACTS, CLIPS, TURRET LUGS AND OTHER
HARDWARE TO SPECIFICATIONS. e

Centrally located plants
at Chicago, Shelbyville,

Indiana and St. Louis.

*The number of users and the
number used . . . testify to the choice
of CINCH components as Standard. Ample
physical properties, space and production facilities is

producing many variations of these standard elec-
tronic components for military, and commercial, use.

Cinch components are
available at leading
electronic jobbers —

everywkhere

CONSULT CINCH’
CINCH MANUFACTURING CORPORATION

1026 South Homan Ave., Chicago 24, lllinois

Subsidiary of United-Carr Fastener Corporation, Cambridge, Mass.



Provide voltage dividers with test
points for measurement of voltages
in excess of 1,000 volts.

Insure complete interchangeabil-
ity of all removable units, mainte-
nance parts, ete.

Provide means for by-passing in-
terlocks and have warning indicator.

Special tools must be mounted in
a convenient place in the equipment.
Minimize need for special tools.

Parts mounted on terminal strips
and boards must be accessible for
servicing.

All terminal strips and boards
shall be marked by a standard sys-
tem. Publication NavShips 250-916
may be used as a guide.

Rear of plug connectors must be
accessible for test and service.

Range indicators should be of
large counter types suitably placed
with provision for transmission to
remote positions (or as required by
the equipment specification).

Provide running-time meters
where required by the specifica-
tions.

MARKING

Conductors should be color coded
in accordance with standard MIL-
STD-122.

Noninsulated leads should be
color coded by means of color spots
near all terminals.

Part reference designations shall
be located adjacent to each part.
Type designation of each tube and
the reference designation shall be
marked on the tube side of the
chassis adjacent to the socket.

Markings shall be permanent and
legible.

Transmission line terminals shall
be marked with the characteristic
impedance of the line.

Positive identification of scales in
use shall be provided.

Clearly mark all “non-tamper”
factory adjustments.

Indicate parts which MUST be
replaced at specified intervals.

Transformers, chokes, capacitors,
etc.,, shall have circuit diagrams
with current, voltage, and imped-
ance ratings stenciled on the out-
side (MIL-T-27).

Lubrication points shall be acces-
sible and clearly marked.

ASSEMBLY

Electron tubes, ferrule-type re-
sistors and fuses, and other plug-in
items must be secured by easily re-
leased positive holding clamps.

Mounting of parts shall be com-
patible with the size and weight of

the parts so as to preclude lead
breakage from fatigue under condi-
tions of vibration.

Leave adequate (1/16 inch) pig-
tail on leads and do not mount more
than three wires on one terminal.

Threaded devices shall conform
with Specification MIL-S-933 or
MIL-B-857 and Handbook H 28.
For bushings or collars for mount-

ing  variable resistors, toggle
switches, etc., Specification 16E7
applies.

Screws, studs, nuts, ete., shall be
of nonferrous material. Corrosion-
resistant steel or nickel-copper alloy
may be used where required for
reasons of strength.

Avoid threading aluminum alloy
into aluminum alloy parts.

Self-tapping screws should not
ordinarily be used. If used, ap-
proval must be obtained from the
bureau or agency concerned.

Devices for retaining panels and
cover plates shall be of captive types
with slotted or knurled and slotted
heads.

Use
washers.

Provide rotating antenna assem-
blies with local power safety switch
and means for hand training for
maintenance.

Removable side and back plates
for terminal tube mounting shall
be provided.

All set screws shall have one type
of head.

Do not use flat-head screws on
thin panels.

Center - of - gravity mounting
should be employed where possible.

Do not mount components on tube
socket lugs except where required
for performance reasons.

external tooth-type lock

MATERIALS

Do not mount parts with rivets.

Do not use wood, magnesium, in-
flammable materials, fungus sup-
porting materials, toxic materials,
hygroscopic materials, dissimilar
metals in contact, and electrical
tape.

Use glareproof and shatterproof
glass.

Iron and steel shall not be used
except where required for electro-
magnetic or strength reasons.

Plate or otherwise treat metals to
protect them from corrosion.

Materials for embedding elec-
tronic parts in assemblies shall be
in accordance with Specification
MIL-C-16923.

Finish enamel shall conform with
Specification MIL-E-15090 or TT-
E-485, as indicated.

Operating conditions (may be
modified by equipment specification
MIL-E-16400) :

a. —b4° to +85°C (nonoperat-

ing)

b. —54° to +65°C (operating)

c. 95 percent relative humidity

d. For certain equipment, wind

90 knots operating and 150
knots nonoperating

e. Ice loading as specified by

equipment speec.

f. Shock and vibration (MIL-S-

901, 40T9, MIL-T-17113, etc.)

g. Line voltage and frequency

(excursions per equipment
spec.)

h. Salt spray (for external fin-

ishes and materials)

Avoid use of friction or pressure
contacts where possible.

Equipment shall be dripproof,
splashproof, or waterproof as re-
quired by the equipment specifica-
tion. See Standard MIL-STD-108.

LAYOUT

Equipment shall be of the lightest
weight consistent with sturdiness,
safety, and reliability.

Provide suitably labeled lifting-
eyes on equipment weighing more
than 150 pounds.

Provide adequate ventilation fa-
cilities. Do not provide openings
in top.

Restrict use of liquid cooling.

When forced-air cooling is used,
provide suitable dust filters. Mount-
ing and size to be coordinated with
bureau or agency concerned.

Electronic equipment should use
as few lubricants as practicable.

Size restrictions :

a. Surface vessel installation—

(1) Height 72 inches

(2) 30-inch-by-30-inch hatch
with round corners on 73-
inch radius.

(3) 26-inch-by-45-inch  door
with round corners on
8-inch radius.

b. Submarine installation—

(1) 72 inches high

(2) 25-inch diameter circular
hatch

(3) 20-inch-by-38-inch door
with round corners on 10-
inch radius.

Use of cable plugs and connectors
should be kept to absolute mini-
mum.

Avoid cable entrances on front
panels.

Provide
necessary.

See Specification MIL-E-16400
for more detailed requirements.

space heaters where
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YOU’LL LIKE everything about this new family
of Taylor paper-base laminates —including
their price. They’re a new kind of hot-punch
laminate, uniform all the way through, with no
surface overlay of resin.

In insulation resistance, water absorption,
power factor, flame retardance and dimensional
stability, they’ll meet or exceed your strictest
specifications. And they punch and stake so
well . . . with smooth surfaces and clean edges
. . . that you can produce complex parts with
maximum utilization of each sheet.

Four different grades are available in produc-
tion quantities, in standard sheet size of ap-
proximately 49" by 49":

XXXP-301 ... the top grade laminate with unu-
sually high insulation resistance, lowest water
absorption. . .excellent punching and staking.

New Taylor laminates

are premium in everything but price

XXP-351 . .. a high grade laminate with most
of the properties of XXXP-301, at lower price.

Grade 353 . . . a quality grade laminate priced
for economy, with outstanding electrical and
prhysical properties.

Grade 354 . . . an easily fabricated grade having
low water absorption and good stability . . .
priced for real savings.

Taylor Fibre Co. Plants in Norristown, Pa.;
and La Verne, Calif. Branch offices in Atlanta;
Boston; Chicago; Cleveland; Dayton; Detroit;
Indianapolis; Los Angeles; Milwaukee; New
York City; Philadelphia; Rochester; San Fran-
cisco; St. Louis; and Tolland, Connecticut. Dis-
tributors in Grand Prairie and Houston, Texas;
Jacksonville, Florida; New Orleans, Louisiana;
and Toronto, Ontario.

WRITE TODAY FOR FULL SPECIFICATIONS, AND FOR ENGINEERING ASSISTANCE IN APPLICATION

TAYLOR

Laminated Plastics
Vulcanized Fibre

Want more information? Use post card on last page. 179
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Microwaves Carry Television Across The Alps

Sole trans-Alpine microwave television link employs aniennas like this one.
which is mounted on the side of the Jungfrau

180

Relay station equipment undergoing
tests prior to installation in the Alps

EUROPEAN TELEVISION program ex-
change depends upon microwaves
to connect Italian and German net-
works. A link 125 miles long runs
from Chasseral in northern Swit-
zerland through a relay station

high on the 15,000-foot Jungfrau

to Monte Generoso in southern
Switzerland.

The Alpine link provides a one-
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MEASURES

A Completely Self-Contained

RF

<&

A\

—AMW—

RESISTORS

500 kc¢0250 mc

DIODES

RX METER TYPE 250-A B B |
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Price: $1250.00 F.O.B. Boonton, N. J.
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way reversible television channel
capable of handling a bandwidth of
5.5 me suitable for 625-line pictures.
The Jungfraujoch relay station,
12,000 feet above sea level, is 60
miles from Chasseral and 65 miles
from Monte Generoso.

Operating in the band of 1,700 to
2,300 mc on specific assignments of
1,776 and 1,848 me, the system is
frequency modulated. The two car-

rier frequencies are used to reduce
the problems arising when trans-
mitter and receiver must operate on
the same frequency.

Paraboloidal reflectors 12-feet in
diameter, spun from aluminum, are
used at all locations. The antennas
have an effective bandwidth of 150
mc over which range the vswr does
not exceed 1.15. A gain of 34 db rela-
tive to an isotropic radiator is ob-

Simple Circuit Stabilizes Transistor

By Frep E. BARRON

Associate Chief Engineer
E. A. Myers & Sons, luc.
Pittsburgh, Pa.

FOR A GIVEN SET of operating con-
ditions in a particular stage of a
transistor amplifier, optimum per-
formance is realized with a par-
ticular operating current. This
seems to be generally true from one
transistor to another of the same
type, but bias requirements to ob-
tain a particular collector current
vary greatly from one unit to
another. Collector current likewise
varies markedly with temperature
when the bias on a particular tran-
sistor is constant. This effect occurs
because I.,, the cutoff current (or
collector-base current with the
emitter open), varies with tempera-

ture. The following equations give
collector current for the common-
emitter connection of the transistor
shown in Fig. 1A. The desired
operating point is usually reached
by adjusting the value of base bias
resistor R, so that collector current,

ic = Ico + ai'
7:0 + iln = is
’im = E/Rl

1 = Iy — ai,
ie 4+ tr1 = 1,
iRl = E/Rl
where R, is large compared to the
d-c resistance in the emitter circuit,
E is the voltage supplied to R,, I.,
is collector cutoff current and a is

Photocell Records Marine Luminescence

Princeton University research scientist E. N. Harvey uses photoelectric recorder
in study of cold light from sea animals at Marine Biological Laboratory at Woods

Hole, Mass.

Mechanism of light production is being studied in the hope of

applying similar principles to artificial synthesis of illumination
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tained at 2,000 mc. Beam angle is 2
degrees at the half-power points.
Input impedance is 75 ohms, which
facilitates connection of air-spaced
coaxial feeders.

Signals are passed through the
repeater system at a 60-mec inter-
mediate frequency so that demodu-
lation and subsequent modulation
are not required. This technique
reduces distortion.

¢ Fz_

FIG. 1—Stabilization of transistor ampli-
fier (A) is obtained by returning bias
resistor to the collector (B)

current amplification factor.

From this 1o+ aE
=] RI

] —«

where R, is the base bias resistor.
The stabilization factor S is equal

to the derivative of collector cur-

rent with respect to cutoff current.

Te

& 1
R dl., 1 —a
For a typical high-quality junc-
tion transistor, « = 0.98, and S

therefore is equal to 50. This means
that the collector-current change
will be fifty times the cutoff cur-
rent change in the common-emitter
connection of the transistor. It is
therefore desirable to design a cir-
cuit in which S is small, if such can
be done without loss of gain or
addition of too many components.
The circuit of Fig. 1B shows the
basic stabilized circuit. This is
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HOW FUNCTIONAL
CAN YOU GET?

Need a sine-cosine pot?...or one
that will solve Y = X2 4+ VX...
or do you desire those dreamy
curves above?

Whatever your need...there’s a
HELIPOT* precision potentiom-
eter to put out the curve you
want ... to do computations for
you...or to compensate for in-
equalities of input.

Small or large...continuous-rota-
tion or multi-turn...single units
or ganged up to 25 sections (and
each can produce a different func-
tion) on a common shaft. You get
an extremely wide choice of re-
sistances...with extremely close
conformities...and a choice of
mounting styles. Helipot makes
non-linear potentiometers to
your exact specifications.

*REG. U.5. PAT, OFF, 46

ELECTRONICS — November, 1954

Helipot’s manufacturing meth-
ods also afford you the widest
choice of coil-winding techniques
for functional potentiometers.

If the curve you need is most
precisely and economically re-
produced by spacewinding on a
copper mandrel . .. by a shaped
card. .. by padding and tapping
...or by a combination ... come
to Helipot first!

And, of course, we have non-
linear HELIPOTS in a variety of

a5 e NN
R 1
MV IR
i /

Helipot Corporation/South Pasadena, California
Engineering representatives in principal cities
a division of BECKMAN INSTRUMENTS, INC.

Want more information? Use post card on last page.

standard functions. .. available
for prompt delivery.

Write for detailed information
and specifications of HELIPOT
functional potentiometers.

Ask for Data File 1101

14-gang Series YN non-finear HELIPOT

o
first in precision potentiometers

B

BECKMAN
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Measuring Microwave Antenna Patterns

By BERNARD I. SMALL
and C. M. HATCHER

Navy Electronics Laboratory
San Diego, Calif.

MICROWAVE ANTENNA pattern
measurements at NEL are made
on the 60-foot wooden tower at
the right, equipped with a hy-
draulically driven pedestal. The
antenna under test is used as a
receiver and the pattern recorded
automatically as the pedestal is
rotated.

The  50-foot transmitting
tower at the left contains mod-
ulated transmitters and associ-
ated antennas covering the major
part of the microwave spectrum.
The testing range spans a canyon
150 feet below the line of sight.
The natural low brush cover on
the hillsides provides scattering
and absorption to such a degree
that ground reflections are not
observable.

The line-of-sight distance be-
tween towers is 650 feet. This
provides a sufficiently flat phase
front at the receiving site
(where the antenna under test is
located) over any normal aper-
ture for a shipboard antenna at
200-mc and the higher bands.
Apertures of at least 20 feet at
200 me to at least 3 feet at 9,000
me are covered without question
and larger apertures can be
handled with negligible error.

Patterns are taken with the
test antenna mounted on a pedes-
tal having three degrees of free-
dom. Rotation in azimuth and
elevation is produced and con-
trolled by a hydraulic system;
rotation about the third axis (for

change of polarization) is ac-
complished manually. The pat-
terns are recorded automatically
on a rectangular co-ordinate
automatic pattern recorder de-
veloped at the Naval Research
Laboratory, Washington, D. C.
This recorder, with its associated
amplifier and square-law de-
tector, is capable of recording
over a 40-db power range, with
angular accuracy of about =+=0.1
degree. Even a highly diffracted
pattern can be recorded ac-
curately over the full 360 degrees
in the order of 30 seconds.

The test pedestal is mounted at
a corner of the top deck of the
tower. A hydraulically operated
hoist on top of the tower handles
large antennas efficiently and
safely. This hoist is mounted on
a collapsible boom to minimize
local sources of reflection that
could cause serious errors in back
patterns. Wooden railings, re-
quired for minimum personnel
protection, are the remaining
major source of reflections. At
certain frequencies, in cases
where extremely clean patterns
(side and back lobes more than
30-db down) are under investi-
gation, reflections from this
source are noticeable, and must
be taken into account when pat-
terns are being analyzed. The
recorder, hydraulic pumps, con-
trols and a small work space are
housed one flight below the top
deck.
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shown for a stage having trans-
former-coupled input and resist-
ance-capacitance coupled output
such as might be found in the
second stage of a three-stage ampli-
fier. Bias resistor R,, instead of
being returned directly to the nega-
tive connection of the battery, is
returned to the collector of the
transistor. Then, if the collector
current tends to increase there is
additional voltage drop across load
resistor R, so there will be less volt-
age supplied to the bias resistor
R, and, as a result of the reduced
bias current in R,, there will be less
collector-current flow. This par-
tially compensates for the initial
collector current change.

(A)

FIG. 2—Alternate stabilizing connec-
tion (A) eliminates audio degeneration
due to negative feedback. Circuit with
added resistor (B) provides further sta-
bilization

The novelty of this circuit lies in
the fact that no components in ad-
dition to those required by the basic
circuit of Fig. 1A are needed and
in the fact that there is no decrease
in efficiency of the transistor stage
owing to increased battery drain.
The collector current is now equal
to

Ica(l + RL/RI) it aE/Rl

° 1 —a+RL/R1
g - LTR/R
1 —a+ RiL/Ry

In a typical example o = 0.98, R,
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THISISIT!

This is the actual size
of the newest, small-
est Blue Jacket —
ready now to help

solve your produc-
tion problems! ‘

,,(_‘:;"‘ ine

4

NEW...« 3-watt(3 (e

miniaturized axial-lead wire-w8§und resistor

This power-type wire wound axial-lead Blue Jacket is hardly
larger than a match head but it performs like a giant! It's a
rugged vitreous-enamel coated job— i : -
and like the entire Blue Jacket family, ~ Jype NG, 'RATING. 1 tnthen D RESISTANCE
it is built to withstand severest humid-

ity performance requirements. 15)E 3 s ol o
Blue Jackets are ideal for dip-sol- arE s "% % 30,000 0
dered sub-assemblies . . . for point-to-
. .. ol 28¢ 10 % % 50,000 0
point wiring ... for terminal board -

Standard Resistance
Tolerance: £5%

—

WRITE FOR ENGINEERING BULLETIN NO. 111B

mounting and processed wiring boards. They’re low in cost,
e¢liminate extra hardware, save time and labor in mounting!

Axial-lead Blue Jackets in 3, 5 and 10 wartt ratings are
available without delay in any quantity you require. * %

SPRAGUE

SPRAGUE ELECTRIC COMPANY =+ 35 MARSHALL ST. ¢« NORTH ADAMS, MASS.

ELECTRONICS — November, 1954 Want more information? Use post card on last page. 185
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ELECTRONS AT WORK (continued)

= 2,200 ohms, R, = 33,000 ohms
and S =
j This is an improvement of 3%-
| to-1 over the circuit of Fig. 1A.
The circuit of Fig. 2A shows an
alternate connection of bias re-
sistor R, that eliminates any audio
degeneration owing to negative
feedback present in the circuit of
Fig. 1B. For the same bias resistor
R, the stabilization of the circuits
of Fig. 1B and Fig. 2A will be

identical.
| . .
=
§; ol T T e |
El _-STABILIZED
2 - ] l ]
ek a8 N
. agf——r -
E_alT T T —_—==
£2 STABILIZED - UNSTABILIZED
== 7 o
) |

200 3B 3 4 56 68 & 100
BIAS RESISTOR IN KILORNS
(A)

+
STABILIZEO)
05—+ g T

WSTEEDD \
2

COLLECTOR CURRENT IN WA

02

ol 1| |
5 60 10 80 90 mo uo 120
TEMPERATURE IN DEG F
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FIG. 3—Collector current and gain for

F o R E v E R Y E I. E c lr R o N I c range of bias resistor values (A). Effect

of temperature on collector current (B)
is given for stabili abili

A P P l I c A lll I o N ::irg\:;: or stabilized and unstabilized
Meeting Commercial and Government Requirements In the circuit of Fig. 2B, an addi-
, tional resistor R. has been added
OPEN TYPE..Cirtfuit swiﬁ:hing-.—-power and dynamotor across capacitor C. Such a resistor
loads — plate circuit—low cupacutqnce. indirvectly improves the stabiliza-
HERMETICALLY SEALED. Stud or bushing mounting— tion properties of the circuit be-
solder or plug-in headers — circuit switching— power— cause it permits a smaller value of
low loss applications. R, to be used for a particular de-
TRANSPARENT PLASTIC COVER. Most R-B-M relays sired operating current. Improve-
now available in low cost transparent plastic cover. ments of 9-to-1 in stability may be

realized by this circuit.

OTHER PRODUCTS: Motor starting relays and overload protectors Figure 3 shows the experimental

for refrigeration, appliance and general purpose motors. Industrial results obtained with the basic

contactors and across-the-line starters. NEMA size 1 and smaller.
,Low cost general purposé relays. Low voltage D.C. manual and
etic devices.
magnetic - .| glg 1A.
Let R-B-M engineer<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>