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For Miniature Components

FROM STOCK

U.T. C.
OUNCER SERIES

Weight 1 ounce ... 7 Dia. ...
1-3/16 overall height . . .
40 to 15000 cycles ... 13 types*

U.T. C.
SUB-OUNCER SERIES _j™

Weight 2 ounce . ..
9/16x % x % ...Nylon bobbin
structure ... 200 to 5000 cycles.

*For complete list, write for Catalog P5-409

TO SPECIFICATION

HERMETICALLY
SEALED OUNCERS

Weight 14 ounce . . . 15/16 x
ll/s x ]3/3 high PR ]

ouncer designs plus specials such

all standard

as 400 cycles 1 watt power . . .
pulse transformers . . . saturable
reactors . . . dual units {input &

output in same case.)

HERMETICALLY SEALED
SUB-OUNCERS

15/16 x 1%

all standard

Weight .8 ounce . , .
x 13/16 high . . .
sub-ouncer designs . . . plus spe-
cial uynits up to 200 KC.

SUB-OUNCER PERMALLOY
DUST TOROIDS

‘Weight V/; ounce uncased .8 ounce
hermetically sealed. These minia-
. tured HQE coils have characteristics
. similar to our standard HQA, C,
" and D coils with little reduction in

Q considering minute size.

150 VARICK STREET

EXPORT DIVISION: 13 EAST 40th STREET, NEW YORK 16, N. Y.,

TaTATaTRTATAds |

SUB-OUNCER
TOROID FILTERS

Filters employing SUB-OUNCER
toroids and special condensers rep-
resent the optimum in stable mini-
aturized filter performance. The
1 x1 x2...

employs 5 coils and 6 condensers

unit shown . . .

for a complete band pass filter . . .

weight 6 ounces.

NEW YORK 13, N. Y.
CABLES: “ARLAB"

VAl
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Cornell University’s new astronomical-research device, equipped with a 17-foot parabolic antenna, is being used to study
inch-long electromagnetic radiations interfering with ultrahigh-frequency reception (details on page 75)

SYNCHRONIZATION OF TELEVISION STATIONS . . . .. ... ... e e
System permits closer geographical spacing of stations and easing congestion of video spectrum

72

RADIO ASTRONOMY, by Chas. R. Burrows. . ... .. .. ... ... it 75

Survey of results obtained to date from galactic and solar noise measurements

PHOTOELECTRIC CONTROL OF FURNACES, by F. C. Todd. . . .. ... ... ... ... ..o T md 80
Vacuum phototube actuates thyratrons in power circuit to give 1-percent precision up to 2,500 C

A-M AND NARROW-BAND F-M—Part 1, by Emerick Toth, ... .covv v oo 84
Evaluation of modulation types for typical Naval mobile communications

PUSHBUTTON SELECTIVE CALLING, by J. K. Kulansky. . .. ... ... ... . oo 92
Automatic dialing and transmitter control speeds mobile radio service

AUTOMATIC DIRECTION FINDER, by John R. Steinhoff. . . ... ... .. ... ... .. ... . s 97
Novel electronic phase-switching arrangement as used in compact airborne instrument

PHOTOELECTRIC WAVEFORM GENERATOR, by David E. Sumstein.. ... ... ... ..... ... ... 100
A handy device capable of producing practically any shape waveform

CAPACITOR-DISCHARGE RECORDER APPLICATIONS, by Ronald L. bves. . . .........................- 104
Discusses different circuits with respect ta portablity, simplicity, dependability, and linearity
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Several improvements in amplifier stability and reduction. in gain presented for modulation-type d-c amplifier
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Ten commonly used equations are conveniently plotted

STAGGER-PEAKED VIDEQO AMPLIFIERS, by Allan Easton. . . ... .. ... ... e 118
Greatly increased signal is provided by staggered high-frequency compensation

STABILIZING GAIN, by T. S. Korn. . ... ... . i s 122
Improvement in amplifier stability and reduction in gain produced by negative feedback are shewn graphically
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Model 4ST1A1

RESEARCH laboratories, educational institutions, and
- production test departments will welcome this
new low-priced, small sized regulated power supply.
Performance-engineered to meet practically every type
of application within its field, and every budget re-
quirement, it rounds out General Electric’s very com-
plete line of regulated power supplies. A striking num-
ber of features have been enclosed in this sturdy steel
case—that will impress every engineer as noteworthy.
Look them over—then order for immediate delivery.

42" built-in meter with clear, easily read scale.

Two position switch on panel permits operator to read
either volts or milliamperes on the meter.

Operator can switch back and forth under load to
monitor continuously.

The 4ST1A1 is continuously variable...180V to 300V
at 60 milliamperes.

Maintains constant output with varying line voltage
or varying load conditions.

Supplies separate AC voltage at 6.3V—center tapped
at 2V2 amperes.

The unit may be operated grounded or ungrounded.
All components have been ultra-conservatively rated.
Ripple is less than 10 millivolts RMS.

L I S S .

For complete information on General Electric Regu-
lated Power Supplies write General Electric Company,
Electronics Park, Syracuse, New York

GENERAL ELECTRIC

164-H1

Type PS-4. Dual Regu-
lated Power Supply
providing two sep-
arately regulated sup-
plies. Individual d-c
current output 0 to 200
milliamperes; in paral-
lel 0 to 400 milliam-
peres maximum. Volt-
age output: 250 to 400
volts.

Type YPD-4. This unit
provides a wide range
of output voltages
which makes it ex-
tremely versatile for
laboratory work. D-C
current output 0 to
0.125 amperes maxi-
mum. D-C voltage out-
put 160 to 1500 volts.

Send for a copy
of our free
catalog.

WWW.americanradiohistorv.com

See the wide range of
Regulated Pawer Supplies
that are made by—

GENERAL @3 ELECTRIC

-

Type PS-4

Type YPD-2. A me-
dium power unit of
high quality for use
wherever a closely *
regulated d-c volt- é
age of low ripple =
content is required.  §
D-C current output =
0-300 milliamperes.
D-C voltage output
250-450 volts,

Type YPD-4

February, 1949 — ELECTRONICS
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Tough relay problems are
everyday routine with CLARE engineers

CLARE customers include some of the biggest
names in the American industry . .. and many
smaller concerns...whose engineers have sought

RCA turns to CLARE for o ‘'relay we can
install and forget® for Electron Microscope.

CLARE provides a preciss operafing relay, capable of long

and reliable operafing kfe, tc mezet -he needs of this RCA and found in CLARE experiment and research
pradsion instrument.

the answer to unusual and difficult relay problems.

The decision to “put it up to CLARE” often saves
untold hours of experiment, trial and error and
sometimes costly delays. Many who get in touch
with CLARE find our engineers have already
solved their problem for somebody else.

CLARE leadership in the industrial relay field
has been achieved by the ability of CLARE en-
LEEDS gineers to approach any and all relay problems
NORATN:RUF with a completely open mind. No problem of

relay size, shape or operating characteristics but
finds them ready and anxious to cooperate in

' A its solution.
““Gisze Us a Dust-Tight Relay for Dusty Lo- . .
cations” — scid LEECS & NORTHRUP. There is a CLARE sales engineer located near

Radie plug mouatec, with termincls brought through dust- you...as close as your telephone. If your pro-
"cjﬂ":f:gf::,f:jkf'_gégsiﬁug‘;’;};i,?:,', ’;f::ﬂ::" i, blem involves relays, why not take advantage of

CLARE experience with every type of relay re-
quirement. To do so may easily save you time
and expense. Look for CLARE in your classified
telephone directory, or write: C. P.CLARE & Co.,
4719 West Sunnyside Ave., Chicago 30, Illinois.
In Canada: Canadian Line Materials, Ltd., To-
ronto 13. Cable address: CLARELAY.

ey CLARE
RELAYS

il

CLARE Relays in WESTERN UNION “Push-
S Hligh-Bpueg Swilohing.Syaiam. First in the Industrial Field

ZLARE ;;rovidet thowsands of snall relays of maximum re-
liob li-y to meet 2xacting requirerents of Western Unior's
Yighesoeed ecommun cafiors prag=cm. = e —_—
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1925. This was one of the
earliest photoelectric cells.
It was made by Western
Electric for use in commer-
cial picture transmission
over telephone wires.

1940. The beating oscil-
lator, used in the great
majority of radar systems.
Thistube generated awave
in the receiver with which
the received microwave
was reduced in frequency
for amplification.

1918. This “peanut”’ tube, the
Western Electric 215A, was devel-
oped for service in World War I. It
was the first commercial tube whose
filament was powered by a single
dry cell . . . made possible compact,
tight weight radio equipment.

1912. The first effective high-vacuum
tube, developed by the Laboratories
for long distance telephony, was
capable of operation at both audio
and radio frequencies, and thus
marked the beginning of modern
electronics.

1919. The introduction of the copper-
to-glass seal made water cooled
tubes practical. The resulting high
power tubes were used for broad-
casting and for trans-oceonic radio-
telephony.

GraybaR

O/PICES IN 10O PRINCIPAL CITIES

wwWwW amereanradiohistory com

1937. This microwave generator,
the 368A, was the first commercial
tube to generate frequencies higher
than 1500 mc. This type of tube was
used by Western Electric in the first
absolute altimeter.

= QUALITY COUNTS -
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1942. This tiny 6AKS5, operating in
the vicinity of 400 mc, proved itself
invaluable as an amplifier in radar
receivers, Design specifications were

supplied to other manufacturers by A

Western Electric to speed war pro- i
. g

duction. 4

1940. Bell Laboratories produced
the first American multicavity pulsed
magnetron from a British model. The
team of Western Electric and Bell
Laboratories developed 75 new and
improved magnetron designs by ex-
tending operation into the 10 cm,
3 ¢m and finally the 1 em bands, and
produced over 300,000 of these
wonder tubes of World War Il #

1945, The Bell Laboratories travel- et
ing wave tube, still in the research
stage, amplifies over a band 40 times

wider than present tubes—may be
able to amplify dozens of color or
black and white television programs

TODAY. These new forced air cooled
FM transmitting triodes are among
the latestin the line of Western Elec-

simultaneously. trictubes designed by Bell Telephone
Laboratories.Theirthoriated tungsten
filaments, rugged construction, flex-
ible terminal arrangements ond
many other features make them tops
in performance in the 88 to 108 mc
band.

O\’ER 35 years ago in the laboratories of Western Electric, De
Forest’s Audion was improved and developed into the high vacuum
tube and put to work for the first time amplifying telephone and radio
frequency currents. And for over 35 years Western Electric and its
research associate Bell Telephone Laboratories have been foremost in
designing new and better electron tubes. Every tube shown here and
many developments basic to the tube art are examples of that leadership.

Western Electric high power transmitting tubes for the broadcast field are now
being manufactured for Western Electric by the Machlett Laboratories, Inc.,
another pioneer in electron tube development. Thus, in this field a new name has been
added to the Bell Laboratories-Western Electric team —Machlett Laboratories.

BELL TELEPHONE LABORATORIES

World's largest organization devoted exclusively to research
and development in all phases of electrical communicctions.

Western Electric

Manufacturing unit of the Bell System and the nation’s largest
producer of communications equipment.

ELECTRONICS — February, 1949 5
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Because they influence efficient and effective operation,
low loss characteristics of Zircon Porcelain are most de-
sirable in the manufaeture of high frequency equipment.

Meeting the requirements of the power loss formula,
Zircon Porcelain retains its fow loss characteristics over a
wide range of temperatures and frequencies. This factor
is clearly demonstrated in the charts shown.

For applications in the field of radio, radar and other
equipment of this nature, it will pay to get more detailed
information. Write direct or discuss the use of Zircon Por-
celain with one of our qualified field staff.

CHART 2

Zircon
Porcelain

Zircon Porcelain High

Voltage
Porcelain

High Voltage
Porcelain

3
- 4
o
=
(9]
<
[
vy
v
O
-

LOSS FACTOR (%)

Special
Zircon

Porcelain
Special Zircon Porcelain

108 104 10° 10¢ 107 100 200 300 400 500

Frequency ¢/s Temperature °C,

TITANIUM ALLOY MFG. DIVISION

NATIONAL LEAD COMPANY
Executive and Sales Offices: 111 BROADWAY, NEW YORK,N.Y. ¢ General Offices and Works: NIAGARA FALLS, N. Y.
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A Protective finish is added to
Fansteel Selenium Rectifiers, too!

Expert mechanical and electrical engineering for their particular jobs by no meanse ends

0 . . . J & |
the processing of Fansteel Selenium Rectifiers. Protective finishes enable each ‘rectifigr
to defy the most severe attacks in use. Fansteel pioneered rectifier finishes- accepred as &

standard thruout industry. Choice is given of three:

M Finish—High gloss dust and moisture resistant, which with-

stands worse-than-average conditions.

K Finish—Multiple-layer, meeting the Standard Navy 200-hour salt
spray test. K Finish withstands mercury vapor.

T Finish—For tropical conditions. Multiple layer, resistant to high
humidity, fungus, salt spray and mercury vapor. Tests show no
deterioration after one year at 135° F, at 959, to 1009, humidity,
when idle—worse than operating conditions.

ﬁ-oga Bonsilet's Sode Added Economy! Fansteel Selenium Rectifiers assure longest, dependable trouble-free

= of aidglo designéand life. Our specialized rectifier engineers are always glad to counsel with you.

préductengineers.  Fansteel Metallurgical Corporation, North Chicago, Illinois.

ansteel

S ELE N I

CTIFIERS

DEPENDABLE RECTIFIERS SINCE 1924

ELECTRONICS — February, 1949 7
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Proper halance can he

W OSISTNS

Proper balance can be mighty
difficult . . . but not for IRC resistors.
Basically engineered for balanced perform-
ance in every important characteristic, each
IRC resistor type offers outstanding features
for specific applications—without sacrifice

of any significant factor.

New, ADVANCED Type BT Resistors, for ex-
ample, are uniformly superior in every important
JAN-R-11 requirement. At 14, 15, 1 and 2 watts
they meet JAN-R-11 specifications for fixed com-
position resistors. Balanced in every characteristic,
small JRC ADVANCED BT’s are particularly
suited to high ambient temperatures and rigorous
i television circuits. 12-page Bulletin B-1 gives all
. the performance facts. Use the convenient coupon.
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Miniature MPM resistors are IRC engineered for
high frequency .applications. Their frequency char-
acteristics are outstanding, but absolute balance has
been maintained with all other significant electrical
characteristics. Thin resistance film is permanently
bonded to ceramic rods. Cupped ends of wire lead
terminals are cemented to resistor bodies to form
axial pigtails. Rated at Y% watt, Type MPM’s are
available in resistance values from 10 ohms to 1.0
megohms. Write for Technical Data Bulletin F-1.

All standard IRC resistors are readily
available in nominal quantities from your
local distributor’s well-stocked shelves.
This is IRC’s Industrial-Service Plan

at work, assuring you ’round-the-corner
service on your small order require-
ments. We'll be glad to send you the
name of your nearest JRC Distributor.

INTERNATIONAL RESISTANCE COMPANY

40) N. Broad Street, Philadelphia 8, Pa.

In Conodo: International Resistance Co., lid., Toronto, Licensee

For close tolerance require-
ments, IRC Precisions offer a fine
balance of accuracy and de-
pendability. Extensively used by
leading instrument makers, they
excel in every important char-
acteristic. 1% accuracy is stand-
ard. Noise level is inherently low,
and windings are fully protected
against high humidity. Available
in a wide selection of ranges and
types, as described in Bulletin D-1.

£k

IRC Type W Wire Wound Controls are
so carefully balanced, your customers
can actually feel the difference. With
center tap they are widely used as ver-
tical and horizontal centering controls in
television receivers. Design provides maxi-
mum adaptability to most rheostat and
potentiometer applications within 2-watt
power rating. Type W Controls have a
1%’ diameter, and %¢'’ depth behind
panel. Spiral Spring Connector provides
oositive electrical connection. Bulletin
A-2 gives details. Write for your copy.

Power Resistors » Precisions « Insulated
Composition Resistors « Low Wattage Wire Wounds
« Rheostats » Controls ¢ Voltmeter Multiplier:

o Deposited Carbon Precistors o Voltage
Dividers « HF and High Voltage Resistors:

INTERNATIONAL RESISTANCE COMPANY
403 N. Broad St., Philadelphia 8, Pa.
wont to know more about the IRC Resistors checked below —

[J Advanced Type BT’s D MPM Héh Frequency Resistors
[] Precision Reexstora ontrols

[0 Also send name and addreas of our IRC Distributor

N v . (5T E § b

WWW.americanradic’historv.com
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Shiny
proof
speed

; mode
CAN'T 7 SLP out reces

RC :
INGED DR\VE R[(ESS inces
4-W ofF P PHILLIPS TAPERED 0o, |

3
Pl

'J

)ien machine-builders ‘“buy the
of AMERICAN PHILLIPS SCREWS

climb up toward jackpot levels, where American Phillips
icing costs in all assembly departments. Workers work faster and better.
are never gouged. For American Phillips Screws and drivers are fumble-
oof., slash-proof. And they can be handled by anyone with such ease and
e-savings average 509, over slotted screws.

are sure to be attracted by smartly styled machines, assembled with
itive American Phillips Screws . . . the screws with the universal crossed
irred heads to snag clothes. No loosening of screws under vibration and

And no matter what yo# make or vend, chances are you can profit doxbly,
the production savings and merchandising power of American Phillips

RICAN SCREW COMPANY, PROVIDENCE 1, R. |

ago ll: 589 E. lllinols S¢t. Detroit 2: 502 Stephenson Building

ALL METALS: Steel,
Brass, Bronze, Stain-
less Steel, Alyminum,
Monel, Everdur (sili-

con bronze)

February, 1949 — ELECTRONICS
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Designed for long-time stability

...not for quick post-war sale

Study the significance to you of the following features of the Collins 734A, 10 kw FM transmitter:

@ Typically superior Collins engineering,
@ Reliability proved by actual operation.

» Phasitron modulator circuit, eliminating more
than ten tubes and related components com-
pared with former circuits, and resulting in far
greater simplicity and reliability.

? Low tube costs.

® Only 11 tube types in the total complement of
but 33 tubes, thus minimizing spares.

' All tubes visible while equipment isin operation.

® Direct crystal control of carrier frequency, util-
izing a frequency multiplication of only 486,

provides carrier stability of + 2 parts per mil-
lion—better than + 250 cycles per second.

€

All controls accessible while the transmitter is
in full operation.

» Motor driven variable tuning elements.

©® Metering circuits for complete observation and
recording of transmitter performance.

® Accessibility throughout. Maximum personnel
and circuit protection. Easy maintenance.

® Excellent mechanical construction,
# Cabinets smartly styled, in three-tone gray.

® Competitively priced.

Write us about your plans, and ask us for an illustrated bulletin describing the Collins 734A transmitter

in more detail.

FOR THE BEST IN FM, IT'S ...

COLLINS RADIO COMPANY, Cedar Rapids, lowa

11 West 42nd Street, New York 18, N. Y.

458 South Spring Street, Los Angeles 13, California

ELECTRONICS — February, 1949
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TRENGTH — Resilience — Fatigue Resistance — Corrosion Re-
sistance—Low Coefficient of Friction—Easy Workability—are
outstanding advantages of Revere Phosphor Bronzes, now avail-

able in several different alloys.

In many cases it is the ability of Phosphor Bronze to resist
repeated reversals of stress that is its most valuable property.
Hence its wide employment for springs, diaphragms, bellows
and similar parts. In addition, its corrosion resistance in com-
bination with high tensile properties render it invaluable in
chemical, sewage disposal, refrigeration, mining, electrical and
similar applications. In the form of welding rod, Phosphor
Bronze has many advantages in the welding of copper, brass,
steel, iron and the repair of worn or broken machine parts.
Revere suggests you investigate the advantages of Revere Phos-

phor Bronzes in your plant or product.

WWW.amerieanradiohistorv.com

'REVERE PH' SPHOR BRONZES
OFFER M. NY ADVANTAGES

1—Plunger guide

2—Thermostat spring

3—Internal lock washers
4—Contact springs

5—External lock washers
6—Operating lever

7 —Cap with intearal springsiin side
8 —Retaining sprimg
9—Countersunk external lcch washer
TO—Pressure spring for capacitor
11—Five-contact spring
12—Contact spring for radic part
13—Pressure spring and terminal

14—Involute spring

15—Contact point for sol id
16—Contact springs

—made of Phosphor Bronze sirip supplied
by Revere

COPPER AND BRASS INCORPORATED
Founded by Paxl Revere 1= 1801
230 Park Avenue, New York 17, New York

Mulls: Baltimore, Md.; Chicago, 1il.; Detroit, Mich.;
New Bedford, Mass.; Rome, N, Y.—Sales Offices in
Princspal Citres, Dsstributors Everywhere,

February, 1949 — ELECTRONICS
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@B ENGINEERING GIVES YOU A NEW

MW

WY

FOR COMPACTNESS

in your equipment K

\\\‘\‘ "“'“I""/m/

20 40150 g

Where space is limited you'll appreciate these new thin panel
instruments, Type DO-71. Through the use of internal pivots, depth
behind the panel has been reduced to less than one inch. Yet,
they are sturdy and accurate.

High-strength Alnico magnets give high torque, good damping,
and quick response. This permits the use of large-radius pivots
which add to the sturdiness and sustained accuracy of these new

instruments.
Easier reading and improved appearance result from the other
new features . . . Lance-type pointer, absence cf arc lines sim- . . .
ype B y ‘ Available as d-c ammeters, milliammeters, micro-

plified scale layout, and legibility-tested numerals all contribute
to ease and accuracy of reading.

The high accuracy and performance of the DO-71 instruments
will add to the quality of your products. Plan to incorporate them
in your design. Your nearest G.E. representative will be glad to
discuss applications with you. See him today, or write for Bulletin
GEA-5102. Apparatus Dept., General Electric, Schenectady 5, N. Y.

GENERAL @3 ELECTRIC

ELECTRONICS — February, 1949 13

ammeters, voltmeters, thermocouple ammeters, and
rectifier ammeters, and voltmeters, A-c instruments
of same appearance and frontal dimensions also
available as ammeters and voltmeters.

WWW.americanradiohistorv.com
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Models conrtesy of Paravox, Inc.

Time, space and material savers! That's how Paravox, Inc., They save space and material by reducing the number of com-
Cleveland hearing aid manufacturer, describes Centralab’s revo- ponents needed. What's more — like all CRL Printed Electronic
lutionary P.E.C. Ampecs. These tiny audio-amplifying units save Cirenits — they are rugged, dependable, resistant to temperature
time for Paravox by eliminating maay assembling operations. and humidity, For Ampec facts, order Bulletin 973,

Resistor

Capacitor

L

\

A

\\ \

“Eilsée” \\\ \ Capacitor

Actual size /

Two-piece Ampec and Model 1 Radi- Centralan’s Filpec is designed for use as a balanced diode load filter, combines up to
obhm are the CRL units Paravox uses three major components into one tiny unit, lighter and smaller than one ordinary

2 in its 4145-ounce hearing aid. Ampec is 3 capacitor. Capacitor values available from 50 to 200 mf Resistor values from 5
a complete 3-stage audio amplifier. ohms to 5 megohms. For complete information, writz for Bulletia 42-9.

Actual size

February, 1949 — ELECTRONICS
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Electronic Industry

ACTUAL
SIZE

resi§tor, grid resis_tor, plate by pass ca- AM and FM performance! Flat, horizontal design saves valuable space, allows short
pacitor and coupling capacitor. Write leads, convenient location to coils, reduced lead inductances for increased efficiency

l CRL’s Conplate consists of a plate lead 5 Centralab’s development of a revolutionary, new Slide Switch promises improved
for Bulletin 42-6. in low and high frequencies. Rugged, efficient. Write for Bulletin 953.

. 8
L5

new Rotary Coil and Cam Index Switch. check CRL’s original line of ceramic Model "M Radiohm simplifies produc-
Its coil spring gives you smoother ac- disc and tubular H/-Kaps. For full facts, tion and inventory. Bulletin 697-A il
tian, longer life. order Bulletins 42-3 and 42-4. lustrates convenience, versatility!

6 Great step forward in switching i1s CRL’s 7 For by-pass or coupling applications, 8 Wide range of variations in CRL's

LOOK TO CENTRALAB IN 1949! First in component research that means lower costs
for the electronic industry. If you're planning new equipment, let Centralab’s sales

and engineering service work with you. Get in touch with Centralab!

DIVISION OF GLOBE-UNION INC., MILWAUKEE, WIS.

ELECTRONICS — February, 1949 15
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THE TRUSTY TRIO FOR

TURNER

TURNER
u9s

Severe operating conditions are a “push-over” for Turner Dynamic mikes. Their accurate pickup
and smooth natural response to voice and music is not affected by climate or temperature. Built-
in ruggedness enables them to stand up and deliver under abuse that renders an ordinary micro-
phone useless. Typical of Turner Quality are Models 99, 999, and U9S. Professionals both in
appearance and performance they will give added efficiency to your operations. Find out more

about these Turner Dynamics.

MODEL 99 DYNAMIC

Used by broadcast stations, large city
police departments, and specified as
standard equipment by internation-
ally known manufacturers. Will not
blast from close speaking. Case fits
any standard microphone stand and
adjustable saddle gives semi- or non-
directional operation. Response is flat
within =5db from 40-9000 cycles.
Level: 52db below 1 volt/dyne/sq. cm.
at high impgdance. Gun metal type
finish. Complete with 20 ft. removable
cable set in a choice of 30-50 ohms, 200
ohms, 500 ohms, or high impedance.

MODEL 999 "% DYNAMIC

Same style and finish as Model 99.
Equipped with Balanced Line features
for critical applications and professional
results under all conditions. Has voice
coil and transformer leads insulated
from ground and microphone case.
Line is balanced to the ground. Re-
sponse is flat within = 5db from 40-
9000 cycles. Level: 52db below 1 volt/
dyne/sq. cm. at high impedance. Com-
plete with 20 ft. balanced line low
capacity removable cable set with 3-pin
polarized locking connection in a
choice of standard impedances.

MODEL U9S DYNAMIC

Four Impedances at Your Fingertips

Whatever impedance you need —
50 ohms, 200 ohms, 500 ohms or
high impedance —you can get it
quickly and easily with the turn of
the switch on Turner U9S. This
flexible unit handles toughest jobs.
Same precision engineering and rug-
ged construction as Model 999 with
built-in multi-impedance trans-
former. Response is flat within =5db
from 40-9000 cycles. Level: 52db be-
low 1 volt/dyne/sq.cm. at high
impedance. Complete with 20 ft.
removable cable set.

o Write for complete literature
describing all Turner Microphones

THE TURNER COMPANY

for public address, recording, call 905 17th Street N. E. o

system, amateur and commercial
broadcast, and special applications.

%W/o% BY TURNER

Licensed under U.S. patents of the American Telephone and Tele- {
graph Company, and Western Electric Company, Incorporated.

Cedar Rapids, lowa

16 February, 1949 — ELECTRONICS
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Month

==

\ after Month — More

OHMITE @ Power Rheostats are Purchased

than all other @- @ Makes Combined

There's a reason for this ¢ver-
whelming preference for Ohmite
among men who specify rheostats.

These men—engineers, design-
ers, technicians—know that
Ohmite rheostats are smoother to
operate. They know about the
smoothly gliding metal-graphite
brush, the all-ceramic construc-
tion, the windings permanently
locked in place by vitreous enam-
el. They know that Ohmite rheo-
stats can be depended upon for
unfailing performance under the
toughest operating conditions.

That’s why Ohmite is first
among industrial buyers . . . and
why it will pay you to standardize
on Ohmite rheostats for vour
product.

g zegte wi QOIFIMITE

RHEOSTATS RESISTORS TAP SWITCHES
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SINGLE-UNIT BRACKET, .
ADJUSTABLE TYPE

VITREOUS-ENAMEL

COVERING
Winding is rig.dly
held in place and
protected from
damage by Ohnite
special vitreous
enamel].

EVEN, UNIFORM
WINDING

“Heot spots” and re-
sultant failures are
preventedbythe
resistance windimg’s
unsurpassed umi-
formity.

STRONG, CERAMIC
CORE

Unaffected by celd,
heat, fumes, or high
humidity, its core
provides a streng
base for winding.

FIVE WATTAGE
SIZES
Lengths range
from 11 inch 1o
6 inches, corre-
sponding to rai-
ings of 30 to 75

watts.

INTEGRAL MOLNT-
ING BRACKETS

Distribute heat
more evenly
throughout r=sis-
tor and conduct
heat away quickly.

-

SINGLE-UNIT BRACKET
FiXED TYPE

STACKING BRACKET
ADJUSTABELE TYPE
o

... PACK HIGHER WATTAGE
INTO LESS SPACE

Because of their compact design, Ohmi:e Thin Type Resistors
have a higher wattage rating per unit of space. They provide

all the time-proven superiority of conventional Ohmite
vitreous-enamel resistors—giving you a eompaczt unit you can
depend upon. Available in four types—all only 1 inck thick by
1 inch wide—in five lengths and a wide renge of resistance values.

/)\ STACKING BRACKET
FIXED TYPE

Send for Bulletin No. 138
OHMITE MANUFACTURING CO

) 4816 W. Flournoy St., Chicago 44, IIE

r==f

5

N Be Bighe werh

DFIMMITE

RHEOSTATS o RESISTORS « TAP SWITCHES
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FILTERED BY FILTRON FILTERED BY FILTRON FILTERED BY FILTRON

Fll LEACE Boeing Stratacruiser Republic F-84 Thunderjet North American Aviation F-86 Jet

Y FILTRON
XB-47 Stratojet

~

/

FILTERED BY

l‘#!ltil?liftfihl\f

MEANS DEPENDABILITY * LIGHTER WEIGHT
QUALITY < STRICT ADHERENCE TO SPECIFICATIONS

FILTERED BY FILTRON
North American Aviation FJ-1 Jet

FILTERED BY FILTRON
Boeing (-%7 Stratofreighter

FILTERED BY FILTRON
North American Aviation B-45 Jet

AND

RADIO. INTERFERENCE-FREE/ < ==(_

FILTERED BY FILTRON
McDonnell FH-1 Phantom Jet

PERFORMANCE

FILTERED BY FILTROM
Fairchild C-119A Packet

FILTERED BY FILTRON
McDonnell XF2H1 Banshee Jet

FILTERED BY FILTRON
Boeing B-50 Superfortress

FILTERED BY FILTRON . .. These planes, and

others — that form '""America’s Mighty s’;'e'd"; SP"G;";” -Seat T"m,""o,:

. . ] 9 Filtron — designed for continuous hig
Armada,” are eqUIpped with electrical com- attenuation from 150 kc to well above
ponents which are FILTERED BY FILTRON . .. 200, mc
Some with as many as 27 FILTRONS per
plane . . . These planes repres= .t America's
most advanced engineering and design — RADIO NOISE
and FILTRONS represent the most advanced FILTERS FOR:
engineering and design of radio noise filters. Electric Motors
FILTRONS el ' by i Electric Generators

are vital components not only in Electronic Controls 100 amp & 200 amp 50 Volt Aircraft

aircraft equipment, but wherever radio inter- Electronic Equipment Filtrons, size 3" x 3" x 2"

ference must be suppressed . . . FILTRON will Fluorescent Lights

design the RIGHT filter for your circuit condi- (S)ignlixl;rgssrtsems

tions — and to meet your delivery require- Business Machines
ments. All measurements are made in our Electric Appliances

. - [ ic Si
new, modern, specially designed shielded E::g:g::z ngt?tsing

Radio Noise Suppression Laboratory. Equipment
2.5.amp Filtron for 50 v.D. C. operd-
tion size 1" x 14" x 7"

- . 4

SEND FOR CATALOG ;'_:-; D e %
e FIHEFR ON co., incorroratep | 2 siomemne Sh

MANUAL No. FC-20

38-25 BELL BOULEVARD « BAYSIDE, NEW YORK CITY, N. Y. e ?".j_-:l'~. é

. S W
LARGEST EXCLUSIVE MANUFACTURER OF RADIO NOISE FILTERS
ELECTRONICS — February, 1949 17
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The NEW “dag” CRT Wall Coating |...

for all
CRT

glass

envelopes

Couriesy
Allen B. DuMont
Laboratories Inc.

Here's an entirely new CRT Wall Coating, developed by Acheson

Colloids specifically and solely for use on CRT glass envelopes.

‘‘dag*® CRT Wall Coating is very easily applied ... adheres tenaciously
to all types of glass. .. does not yield objectionable by-products on heating.

Prominent cathode-ray tube manufacturers have already found this
opaque, electrically conductive **dag®® CRT Wall Coating eminently satisfactory,

especially in tubes intended for television reception.

Let Acheson Colloids help you with your CRT wall coating problem.
Mail the coupon today for information on this or other electronic appli-

cations of ‘‘dag?? colloidal graphite dispersions.

~ Give me information on “dag® colloidal
graphite dispersions for:

Wall coating of CRT’s
Electrostatic shielding
Corona prevention
Dry-film lubrication
Copper oxide rectifier disc coating
Electrical resistances

Ooooooo

Filament cement

40th Anniversary Year

o
-

REG V. S PA’ OFF.

Acheson Colloids Corporation | [ty

Port Huron Michigan

18 February, 1949 — ELECTRONICS

www americanradiohistorvy com


www.americanradiohistory.com

ERFORMANCE-ENGINEERED at Electronics

Park, the General Electric Focus Coil 1s
now being used by many leading television
manufacturers. The reason for this wide-
spread adoption of the G-E Focus Coil by
design engineers is best explained by the
following equation:

PEM IR =.109? x 247 = 2.93 watts
PEM—PM = R =.029?x 960 = 0.81 watts
Power Saving = 2.12 watts

In addition to its low current requirements
(which permit the use of lower-priced power
supplies) the G-E focus coil is small, compact
and light in weight. These features provide
additional space which TV set designers can
use to advantage.

For complete information on the G-E Focus
Coil and other television components, write:
General Electric Company, Electronics Park,
Syracuse, New York.

#Permanent Ma guel——El ectro-Magnet.

jcw car /zz/ /oz/fz, conftence vz —

GENERAL &3 ELECTRIC

ELECTRONICS — February, 1949
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© ALLEN B. DU MONT LABORATORIES. INC.

20

DU MONT CATALOG ITEMS ...

HIGH AND LOW VOLTAGE OS-
CILLOGRAPHS: Amplifier fre-
quency response selectable
from d.c to 10 me. Writing rates
up to and exceeding 400 inches/
microsecond. Deflection factors
as low as 0.01 rms volt/inch.
Prices from $127.20 to $6.073.75.

OSCILLOGRAPH POWER SUP-
PLIES: Up to 25,000 volts output
for application as final acceler-
ating potential to cathode-ray
tubes.

PROJECTION LENS: Projects os-
cillograph traces on screen up
to 30 feet distant. Excellent for
demonstrations and lectures.
Applicable to high-voltage os-
cillographs. Type 2542, Cat. No.
1431-E, $103.50.

VOLTAGE CALIBRATOR: For
Juantitative measurements. Op-
erates with any oscillograph.
Type 264-A, Cai. No. 1240-A,
$39.50.

ELECTRONIC SWITCH: Provides

a time-sharing system for os-
cillograph presentation of two
separate fraces. Type 185-A,
Cat. No. 1072-A, $105.00.

LOW-FREQUENCY LINEAR
TIME-BASE GENERATOR: Du
Mont Type 215 accessory ex-
tends low-frequency range of
the time-base of oscillographs.
Cat. No. 1189-A, $215.00.

SPECIALIZED EQUIPMENT: Type
279 Dual-beam Cathode-ray Os-
cillograph presents two entire-
ly separate traces. Cat. No.
1386-E, 51.294.50. » Type 275-A
Cathode-ray Polar Coordinate
Indicator employs a circular
time-base. Cat. No. 1250-E,
$390.00. » Calibrated scales; con-
stant-voltage transformer:; frans-
ducers; magnetic shields, efc.

DU MONT CATHODE-RAY
TUBES: A full line of cathode-
ray tubes. A choice of phos-
phors suited to your particular
needs.

é LLEN B.

» R ™ g
A

CABLE ADDR

START with Type 314 Oscillo-
graph-record Camera. Especially
designed for cathode-ray oscillo-
graph photography. Maximum
convenience. Either single-image
or continuous recording. Variable
speed, electronically controlled.

DU MONT LABORATORIES,
ESS:

Cat. No. 1366-E, with /1.5 lens,
$1,155.00. Cat. No. 1217-E, with
£/2.8 lens, $980.00.

Or with Type 271-A Oscillograph-
record Camera (not illustrated).
Single-image. Fixed-focus, 1/3.5
lens. Cat. No. 1216-E, with mount-
ing, $162.50.

DEVELOP your films with Type 2512 Motor-driven
Processing Unit. Utterly simple. Accommodates up
to 100 feet of 35mm. film. Cat. No. 1372-E, $231.00.

FINISH with Type 2514
Portable Drying Rack. Holds
up to 200 feet of 35 mm. film.
Motor-driven. Provided with
heater. Easy rewinding. Unit
may be folded up. Carrying
case supplied. Cat. No. 1375-
E, $232.00.

B In oscillography, Du Mont can supply you
with the tube, the oscillograph, the accessory.
Note partial list of standard items.

And if your oscillograph needs are extremely
special, even to the extent of exceeding the broad
range of our standard equipment, Du Mont can
now place at your disposal the services of our
Instrument Model Shop which is equipped to de-
sign, develop and manufacture non-standard
cathode-ray equipment, or to modify existing
equipment and designs. Consult us.

B Detailed literature on request. Equipment
demonstrations arranged — no obligation.

INC., PASSAIC, N.
ALBEEDU, NEW YORK, N. Y,

February, 1949 — ELECTRONICS
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FLEXITE HITEMP is the electrical in-

1 —tensile strength, minimum average.............. 2500 PS|
sulation tubing that sets new stand-

~ultimate elongation, minimum average............300%

ords for resistance to extreme high —dielectric strength, minimum.... Foa) e 800 v/mil
temperatures. Compounded of a —fAammability................. eteeieierieinnsenn nOR-inflammable
plasticized copolymer of vinyl chlor- —~heat resistance —ofter 100 hours ot 3000 F. the tubing is not brittle
ide ana vinyl acetate and manufac- and when flexed does not crack.

— heat endurance — recommended for continuous operating tempera-

t ith a t i .
uced v e =aalithicldnes tures up to 105° C., and when baked at 1259 C. for 2,000 hours

smooth inside and outside FLEXITE does not become brittle.

HITEMP PLASTIC TUBINGS offer the g - low temperature flexi s e e ..—300C.
greatest resistance to high and low —heat shrinkage.............................. o L, ASTM Standards
temperatures, are extremely flex- ﬁ%g 2 ﬁ.]z :::: o :‘:sz 't::: g:&

ible and have great tensile strength. # 5 and lorger SO 37:

Other significant properties of FLEX- i—oil resistance — highly resistant to effects of transformer and lubricat-

ing oils, does not stiffen when continuously exposed to them.

ITE HITEMP compare more than favor- § % 1 {fhia 4
. . L Colors —black, white, red, green, yellow and blue are standard colors.

ably with tubings of similar nature.

A N Dimensions and Tolerances — standard sizes to B & S wires #20
Check the specifications of HITEMP, to #0 inclusive, as specified by ASTM Spec. C :
compare them with the requirements Wall Thickness—in accordance with ASTM Spec. D922-3 ollows:
for »~  products and if you wish #20 — #10 incl. — .016" = .003"

# 9— # Oincl. —.020" = .003"

Standard Lengths —Standard 36" lengths or continuous lengths in coils:
) Sizes #20 — #10 incl., will be supplied on paperboard spools when
ard for protection against high tem- so ordered.

peratures, high dielectric, stretching, Quality —uniform in quality and condition, smooth on both inside and
tearing, abrasion, exposure to acids outside, free of defects such as pin-holes, blisters, foreign inclusions
! and other imperfections.

ag «er insulations for identical
vse ... {(EMP sets a new high stand-

oils and alkalies, lammability, etc., "

4 . Test Methods— properties enumerated in above specifications shall be
etc., etc. — . . . samples and addi- determined according to Tentative Methods of Testing Nanrigid
tional information will be sent upon Polyvinyl Tubing, American Society for Testing Materials, Designa-

tion D876-46T.
request.

And for a Plastic Tubing to Withstand Normal High Temp:
Mitchell-Rand Offers . . . Flexite-Norm . . . write for specifi

4 51 MURRAY STREET - COrtlandt 7-9264 - NEW YORK 7, N. Y.

o

\ A PARTIAL LIST OF M-R PRODUCTS: FIBERGLAS VARNISHED TUBING, TAPE AND CLOTH ° INSULATING PAPERS

AND TWINES * CABLE FILLING AND PDTHEAD COMPOUNDS * FRICTION TAPE AND SPLICE - TRANSFORMER COM-
POUNDS *+ FIBERGLAS SATURATED SLEEVING °* ASBESTOS SLEEVING AND TAPE * VARNISHED CAMBRIC CLOTH AND
’ TAPE * MICA PLATE, TAPE, PAPER, CLOTH, TUBING * FIBERGLAS BRAIDED SLEEVING * COTTON TAPES, WEBBINGS AND
-~ SLEEVINGS * IMPREGNATED VARNISH TUBING * INSULATED VARNISHES OF ALL TYPES - EXTRUDED PLASTIC TUBING

ELECTRONICS — February, 1949
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GROUP |
Type E

X
oy <

GROUP It

Type AF &)

" AEROVOX
-SOVNE -SE 2
ELECTROLYTIC CAPI

® The above chart was compiled in 1946.
It isbased on Aerovox wartime experience
in meeting the extra-severe-service re-
quirements of military equipment. Like-
wise the needs of workaday electronic

assemblies for industrial purposes.

Found in the Aerovox engineering liter-
ature, this chart classifies Aerovox electro-
lytic types into four groups based on

severity of service and cost considerations.

Groups I and [-A comprise hermetically-

sealed electrolytics meeting the most
rugged conditions of temperature, humid-
ity, pressure and vibration. Group Il types
compromise between severe-service re-
quirements and cost. Group III types meet
cost considerations primarily.

Thus today’s television requirements, as
regards electrolytics quite as well as other
capacitors, have been fully anticipated by
Aerovox engineering and production de-
velopments of long standing.

For dependable television...hour after
hour...day in and day out...

GROUP 1|
Type AP

GROUP I
Type PRS

ITORS

® Whether your electrolytic re-
quirements be for extra-severe,
severe or jus! normal service,
let Aerovox engineers collabo-
rate in working ou! the bes!
answer. Visi! with us at Booth
124, 1.R.E. National Convention.

FOR RADIO-ELECTRONIC AND
INDUSTRIAL APPLICATIONS

"AEROVOX CORPORATION, NEW BEDFORD, MASS., U.S.A. 7
SALES DFEicEs IN ALL PRINCIPAL CiTIES o Export: 13 E. 40th Sl.. NEw YoRX 16. N. V.

Cable: *‘ARLAB’ o In Canada: AEROVOX CANADA LTD., HAMILTDN,-ON,f.V__-"

22 February, 1949 — ELECTRONICS
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After many months of planning and build-
ing, our entire organization has moved into new and vastly
expanded manufacturing quarters.

It's a gem of a plant, with 70,000 square feet and a frontage
of 600 feet. It's scientifically arranged for streamlined produc-
tion, and has every modern facility, including an air filtered
painting and finishing department.

To our customers and others we extend a.cordial invitation to
come and see the plant in operation. A tour of our new premises,
more than any description, will enable you to visualize what our
enlarged facilities mean in terms of better-than-ever service to
all customers, large and small, old and new.

From the simplest to the most elaborate precision job, nothing
is too big or too small. We invite your inquiries.

Ask For Our Informative New Catalog

KARP METAL PRODUCTS CO., INC.

215 - 63rd STREET, BROOKLYN 20, NEW YORK

‘ELECTRONICS — February, 1949
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I\/IICROGROOVE long-playing recordings are here to (

stay. This means that every broadcast station and FOR HIGHEST FIDELITY...IT'S PRESTO DISCS

recording studio must have quality equipment, especially for Microgroove, even more than regular recording,
l]liCI‘OgI‘OO\'C rcproduction. demands a perfect disc. The answer is Presto. For,
o o] . sixteen years ago, Presto made the first lacquer-coated
I'he new PRESTO type 153 reproducers include two separate discs . . . and today Presto discs are first in quality.

Pickering diamond stylus heads for microgroove or regular
recording, an exceptionally fine arm, and a 4-position com-
pensating network.

Durability of equipment, fine performance, and economical
first cost make these PRESTO reproducers ideal for micro-
groove and also for lateral standard recordings.

Write today for full specifications on the PREsTO 153M for RECORDING CORPORATION

microgroove recordings and 153 R for regular recordings. Your
nearest PRESTO distributor can show you the equipment.

k Paramus, New Jersey

S
(ead {7 : Ve.’ Mailing Address: P. O. Box 500, Hackensack, N. J.
fye €20 10r Microgroo

In Canada: WALTER P. DOWNS, LTD., Dominion Sq. Bldg., Montreal

WORLD’S LARGEST MANUFACTURER OF INSTANTANEOUS SOUND RECORDING EQUIPMENT AND DISCS

24 February, 1949 — ELECTRONICS
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IMPORTANT TO MANUFACTURERS OF

THERE ARE AT LEAST
TEN TIMES AS MANY
. CPPORTUNITIES FOR

JOINTS IN TELEVISION
Television receivers contain from five to ten times as many resonant circuits as there are in ordinary radio

- |
ASSEM BL Es AS T H ERE sets and from ten :o fifteen times as many connections. That means that there are at least ten times as many
ARE IN RAD :) SETS places where H.. connections may occur through dry joints. It means, too, ten times as many chances of
‘ 4 the set not passing the inspection at the end of the assembly line or proving unsatisfactory in service after it

AVO] D H. R. —'ROU BLE has reached the cuztomer. H.R. joints are bad for your business and bad for your reputation as a manufacturer.

AND GET CONSISTENTLY

Here’s how many of the largest manufacturers of television equip-

ment ‘safeguard shemselves against H.R. joints—by using only Ersin Multicore Solder. Ersin Multicore

..,..ZSEL‘;!.‘-': [ eac Solcer ‘maks serfect soldered joints on difficult metals and alloys and even on heavily oxidised surfaces,
ERSEN speeding production and cutting manufacturing costs. If you are not already using Ersin Multicore

& 72 Solcer, it will pay you to investigate the advantages of using The Finest Cored Solder in the

World; it complies with all requirements of United States Federal Specification, QQ—S—57 Ib.

Write NOW tor helpful booklet, “SOLDERS & SOLDERING, " with free samples and technical irformation.

i

HETTHE |
I:i".fl'a"ﬁ i o o
i e o i e

-
&> SOLDER WIRE

i
Il
waf
-
.
m"<
m'.
"
)
o~
m

'

/ ,;k,,
x'

i;.'

Address U.S.A. and €Capadian inquiries to: BRITIS Hi INDUSTR 1ES CORP.
315, Broadway, New York 7, N.Y.

Inquiries regarding cther territories to: MULTI C,O RE SOLDERS

Mellier House, (Albemarie Street, Londo

LTD.
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operating equipment.

More watts per cubic inch in your cabinet
space . .. made possible by Federal's 26-volt
RMS square and rectangular Selenium Rectifier
plates. By materially reducing the number of
plates required for a given output, this important
advance in the art of Selenium Rectifier design
and manufacture offers engineers and designers
new opportunities for savings in space and
weight. Now greater power —with the efficiency

and dependability inherent in Federal

Selenium Rectifiers—may be had with-

-
i

An | T&T Associate

research and engineering organization, of which the Federal

KEEPING FEDERAL YEARS ANEAD...is |T&T’s world-wide
Telecommunication Laboratories, Nutley, N. J., is a unit.

26

Another FEDERAL achievement
for better designed and better

out sacrificing compactness.

This is just one more example of Federal’s
leadership in Selenium Rectifier development.
When you specify Federal Selenium Rectifier
stacks, whether square, rectangular or round, you
can be sure that Federal will help you see the
job through. Our engineers are interested in
every application, and are always ready to give
you the benefit of more than a decade of Selen-
ium Rectifier experience. For information, write:
to Department E-213,

Federal Iélephone and Radio Corporation

SELENIUM ond INTELIN DIVISION, 900 Passaic Ave., Ecst Newark, New Jersey

In Canada: Federal Electric Manufacturing Company, Ltd., Montreal, P. Q.
Export Distributors: International Standard Electric Corp. 67 Broad St., N. Y.

February, 1949 — ELECTRONICS
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Your Chinese puzzle mystery is solved. Perfect for
your ever-expanding requirements of audio-video equipment
for your Home Entertainment Center or Amateur Shack. Four
basic units: Reproducer Cabinet—designed especially for a
Jensen 15-inch coaxial loudspeaker; Small Utility Cabinet—
for tuner, amplifier, recorder, record-changer; Medium Utilicy
Cabinet—for larger receiver, television set, or communications
equipment; Record Cabinet —holding more than 200 records.
With these units, thcusands of combinations are possible.
Beautiful cabinetry in cordovan or muted blonde mahogany.

The puzzle of what to do with your equipment is solved.
Write for literature and scale cut-up illustrations.

Jensen Manufacturing Company, 6607 S. Laramie Avenue,
Chicago 38, Illinois. In Canada: Copper Wire Products, Ltd.,
11 King Street W., Toronto.

www.americanradiohistorv.com
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Translucent Graphic Lamicoid assures maximum clarity, legibililv and accuracy in rear-illuminaled dials for the
Model NC-173 Radio Recewer manufactured by National Company, Inc., Malden, Mass.

. . with Translucent Graphic Lamicoid

There’s no eye-straining or neck-craning nceded to see radio dials made of Transhicent Graphic
Lamicoid. Printed matter permanently laminated in the translucent thermosetting plastic stands
out clearly with rear illumination. That’s why National Company, Inc., uscs Graphic Lamicoid
for the rear-illuminated dials on the Model NC-173 Receiver.

Besides legibility and clarity, Graphic Lamicoid has many other advantages for instrument
dials, control panels, maps, charts and diagrams. Printed markings and colors are sealed against
wear, dirt and moisture. Lamicoid holds its size and shape for assured accuracy in precision
instruments. It has high heat and wear resistance, excellent mechanical and dielectric strength.

Other types of Decorative Lamicoid — Engraving and Translucent, rigid and flexible —extend
the range of application of this versatile material. Lamicoid is available in mechanical and elec-

trical grades, too, that it will pay you to investigate through the nearest sales office or fabricator.

MICA %Jﬁ/m COMPANY

Schenectady 1, New York

Atlanta ¢ Birmingham ¢ Boston ¢ Chicago ¢ Cincinnati * Cleveland ¢ Detroit ¢ Houston « Los Angeles ¢ Milwaukee « New York ¢ Philadelphia
Rochester * St. Louis * San Francisco ¢ FABRICATORS: Lamicoid Fabricators, Inc,, Chicago, lllinois ¢ Bakoring, Inc., Houston, Texas
Insulating Fabricators Inc., New York City ¢ Insulating Fabricators of New England, Inc,, Watertown, Mass.
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NEW -hp-
430A

MICROWAVE '
POWER METER

$250°°

F.QO.B. PALO ALTO

Automatic operation! Instantaneous

power readings! No tedious calculations

or adjustments! Read direct in mw. or dbm!

Use at any microwave frequency!

To measure an unknown microwave rf,
just connect the new —hp— 430A Micro-
wave Powei Meter to the 200-ohm
barrcter in your system. This one com-
pact power meter does all the rest! No
tedious calculating or knob-twisting.
Except for initial range selection and
zero sct, operation is entirvely antomatic!
You can make direct power readings
instantly in milliwatts from 0.02 to 10
mw, or dbm from —20 to 10 dbm.
Higher powers may be measured by
adding attenuators or directional cou-
plers to the microwave system. Any of
5 ranges are quickly selected by a front-
pancl switch, Power is read on an open
scale, 4" square-face meter mounted on
a sloping panel.

The new —hp— 430A Power Meter
is an ac bridge, one arm of which is
a 200-ohm barreter. This bridge is in
precise balance with zero rf power
across the barreter. When rf power 1s
applied, an equivalent in audio power
is automatically removed. The bridge
remains balanced, but the change in
audio power level indicates on the vac-
uum tube voltmeter. This meter thus

ELECTRONICS — February, 1949

measures the unknown rf directly and
instantaneously.

The ~hp— 430A is designed for use
with any 200-ohm barreter and mount,
and may be used over any microwave
frequency for which the mount is de-
signed. The meter incorporates the fa-
mous —hp - resistance-tuned oscillator
principle, and is ruggedly built for
long, trouble-free service. There are no
delicate components to get out of ad-

justment.

For Complete Specifications, Write to

HEWLETT-PACKARD CO.

1830A Page Mill Road + Palo Alto, California

(hp laboratory

Power Supplies Audio Signal Generators
UHF Signal Generators
Frequency Standards

www americanradiohistorvy com

Amplifiers
Square Wave Generators
Noise and Distortion Analyzers

BRIEF SPECIFICATIONS

Power Range: 0.02 mw to 10
mw, 5 ranges, 5 db inter-
vals. Scale also reads dbm
continuously from —20 dbm
to +10 dbm. {0 dbm — .001
Watt).

External Barreter: Frequency
range depends on barreter
and mount. (Must be 200
ohms at power level of ap-
proximately 15.3 mw.) (Bar-
reter and mount not
plied.)

sup-

Accuracy: *5% of full scale
reading.

Size: 12”7 wide, 9 deep, 97
high. 4” Square-Face meter.

Power: 115 v,, 50/60 cps, 60
watts.

instruments

A N D A CCURACY

Electronic Tachometers
Audio Frequency Oscillators  Attenuators

Wave Analyzers

Frequency Meters

Vacuum Tube Voltmeters

29
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The right material for your job
... Tight at your fingertips!

-
SERVICE

MICABOND

How to Save Production Hours and Dollars
on Your Electrical Insulating Jobs . . .

One of the surest ways to reduce
unit costs on any job is to be right
the first time when selecting ma-
terials. Continental-Diamond’s
complete line of high strength
electrical insulating materials
makes proper product engineer-
ing easy.

There are trained C-D techni-
cians on hand at all times to give
you personal help in getting bet-

ter, lower-cost applications. To be
sure of being right the first time
in the selection of materials, call
your nearest C-D office whenever
the need arises.

C-D HIGH-STRENGTH PLASTICS

DIAMOND FIBRE-—Vulcanized Fibre.
VULCOID —Resin Impregnated Fibre.
DILECTO—Laminated Thermosetting Plastic.
CELORON—Molded High-Strength Plastic.
MICABOND—Bonded Mica Splittings,

DE-4-48

BRANCH OFFICES: NEW YORK 17 ¢ CLEVELAND 14 « CHICAGO 11 e SPARTANBURG, S.C. e« SALES OFFICES IN PRINCIPAL CITIES
WEST COAST REPRESENTATIVE: MARWOOD LTD., SAN FRANCISCO 3 e IN CANADA: DIAMOND STATE FIBRE CO., OF CANADA, LTD., TORONTO 8

Gom/flm/mﬁb/=]_]mnmu/ FIBRE COMPANY

Established 1895 .. Manufacturers of Laminated Plastics since 1911—NEWAREK 16 « DELAWARE
TR e e o e e B e e T I e e B B ——————— e e e e e o) e
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//W/m’ﬂy,..METALLIZED PAPER

A REVOLUTIONARY NEW SPACE-SAVING
CONDENSER PAPER WITH AMAZING
SELF-HEALING QUALITIES.

SMITH’S New-type Metallized Condenser
Paper not only reduces space factor by

eliminating the use of electrodes, but

NEW!!! NEW!!! Never before has anything
like Smith Metallized Condenser Paper been
offered the Electric and Electronic Industries.

It's here! Today . . .

now . .

. Smith Paper, Inc. makes

available its new Metallized Condenser Paper that bids fair
1o revolutionize the entire electric and electronic field. Smith
Metallized Condenser Paper makes possible the first one-layer
condenser with an .0003” dielectric material. It also makes
possible a 75% saving in space factor over most conventional
capacitors. And because of its self-healing characteristics it
almost completely eliminates the factor of conducting particles
and the usual serious effect of a breakdown.

Answers a long-unfilled
need. Design engineers since
earliest days of the capacitor
industry have sought capaci-
1ors that would provide higher
capacities, smaller space fac-
tors, higher dieleciric strength,
longer life characteristics, and
the elimination of breakdown
causes. Since such improve-
ments in design have been
limited by the dielectric ma-
terials available, the introduc-
tion of Smith’s Meiallized
Paper will prove a great boon
towards the attainment of these
special characteristics. This in-
dustry-sought paper not only
permits 75% savings in space

factor, but also provides other
extraordinary advantages.

Increased insulation resist-
ance. It has been found in the
manufacture of metallized
paper that by covering the
base Kraft Condenser sheet
with an extremely thin, cou-
tinuous and uniform film of
lacquer, a marked increasein in-
sulation resistance is obtained.
This lacquering causes an
increase in the thickness of
.00030 condenser paper of .03
- .05 mils; while the succeeding
zinc coaling operation causes
an increase in thickness of 3-5
millionths of an inch.

Metallized Paper

1 MFD—400 WVDC

e
&

=

4 MFD—150 WVDC

Capacitor samples cour-
tesy Solar Manufactur-
ing Corp., North

Bergen, N. J.

Self-healing on break-
downs. Another of the
outstanding properties of
metallized paper is its ca-
pacity to self-heal on a
breakdown.Inotherwords,
a capacitor wound with
metallized paper may be
brought to a breakdown

SMITH PAPER, INC.

LEE,

11y

MASS.

gives longer life, higher dielectric
strength, and ends forever the dis-

astrous effects of breakdowns.

>

voltage, but the effects of the
breakdown are sufficient to cause
a re-insulation around the
breakdown areaso that the capac-
itor is satisfactory for continued
use.Nunierous break downs do not
appear to impair this self-healing
characteristic. Smith Paper, by
taking advantage of this prep-
erty, is able to furnish a metal-
lized paper devoid of particles
which are conducting at the usual
test voltages.

Automatically Controlled. To-
dayequipment has been perfected
for automatically controlling and
continuously recording (where
necessary) such properties as lac-
quer thickness and consistency,
thickness of the metual layer,
color and resistance of the metal
layer, width of margin, etc.
all important characteristics of
the product, the close control of
which is essential for the best de-
sign and manufacture of metal-
lized paper capacitors.

Complete facts available. Al
facts on Smith Metallized Con-
denser Paper as it applies 1o your
industry may be had on request.
Simply address Smith Paper,
Inc., Lee, Massachusetts. There
is no obligation.

ELECTRONICS — February, 1949
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Designed for modern applications...

Streamlined for compactness. ..

Built for dependable performance...

I-T-E wire-wound Oval Power Resistors—

Modern resistors designed for modern applications . ..I-T-E Oval
Resistor Assemblies . . . specially suited for installations where space is
limited, such as in aviation, sound, radio, and other electronics appli-
cations. I-T-E “Ovals” are distinguished by their high unit-area wattage
ratios, which are due in part to the heat dissipation qualities of the
mounting brackets. An I-T-E Oval Resistor—or an assembly of oval
units—has a much higher wattage rating than that of a conventional
round resistor of comparable size.

And I-T-E Resistors are better-built for a longer life of dependable per-
formance. Bases are best non-hygroscopic ceramics. . . resistance wires
are purest obtainable . . . resistances are uniformly wound, mechanically
tied, and silver-soldered at high heat for permanent, solid connections.

STANDARD Fixgp g '
EStsy
1om 5 to 200 wates .t

ADJUSTAG,
[AT;
from 10 to 200 sv'lilrgns

No matter what your resistor problem calls for—compactness, long life,
dependability, or exact tolerances—be sure to investigate I-T-E QOval
Resistors, the modern wire-wound Power Resistors. Complete technical
information, as well as valuable application data, is contained in the
new I-T-E Resistor catalog. Send for it today.

There’s an I-T-E Resistor for Every Purpose >

LI T
Spay ISToR
. ce quullemengs_’romsj ;otr limitey
° 75 Wattg

I-T-E OVAL RESISTORS

T

Type Watts | Length Maximum l.lecommended Mounting ,’I""L‘;Umlf nzsmo“’.m
| Resistance Centers . 'lllm'~";'l"‘”l;";’:‘2&"'~':t;:pld ..f.‘i"&:“’:’:.‘ ::":'n".".‘.','
108 Oval 30 | VAN 10000 3
200 Oval 40 | 2" 15000 [ 2%
316 Oval 55 ‘ 3L" 25000 ‘ 4% "
424 Oval 65 a%" 35000 5% o
STORS #0
600 Oval | 75 | 6" 50000 | e%u” S TS i s AAATENS
| ng and los: L

3 % Mads 1o ordw

APOWER RESISTORS

The Leader In Technical Excellence

2 I-T-E CIRCUIT BREAKER CO., RESISTOR DIVISION, 19TH & HAMILTON STREETS, PHILADELPHIA 30, PA.
SWITCHGEAR o UNIT SUBSTATIONS o ISOLATED PHASE BUS STRUCTURES e AUTOMATIC RECLOSING CIRCUIT BREAKERS o RESISTORS o SPECIAL PRODUCTS
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General Application

Load Range
Madel Valt-Amperes
150 25-150
250 25-250
500 50-500
1000 100-1000
2000 200-2000

*Regulation

Accuracy
0.5%
0.2%
0.5%
0.2%
0.2%

*Models available with increased regula-

tion accuracy.

Extra Heavy Loads

the first line of

STANDARD

electronic AC voltage
regulators and nobatrons

GENERAL SPECIFICATIONS

o Harmonic distortion : max. 5% basic or 2% “S"
models

) lnputI voltage range: either 95-125 or 190-250
volts

e Qutput: adiustable between either 110-120 or
220-240 volts

o [nput frequency range: 50-60 cycles
o Power factor range: down to 0.7 P. F.

All AC Regulators and Nobatrons may he used at no load.

Special Models designed to meet your unusual
applications.

Write for the new Sorensen catalogue. It contains
complete specifications on standard Voltage Regu-
lators and Nobatrons.

Special Transformers, D. C. Power Supplies, Saturable Core
Reactors and Meter Calibrators made to order; please
request information. ~

Load Range *Regulation
Model Volt-Amperes Azcuracy
3,000 300-300C 0.2%
s000 05000 05% SORENSEN & Company, Inc.
10,000 1000-10,000 0.5%
15,000 1500-15,000 0.5% Stamford, Connecticut

*Models avcilable with increased regula-
tion accuracy.

Represented in all principal cittes.

0 0 6000 & O 00 0 © 0 0 00 0 0 0600 00 00000000 GO0 0 00 00

-0 0 06 0 0 00 000000000000 00000600O0COCO

! l
| |
t |
| |
I |
! |
[ v RS s 0
"4 | S ! i
' | = I %
The NOBATRON Line 1 ~ 400 Cycle Line
Output Load Range | Inverter ond Gen.erator Regulators for | - 5_!"
Voltage DC  * Amps. I hstets |
" 5.15.40-100 i Single Phase and Three Phase | ..;'
5 25 | Mo Nahsmm  awwey | 9-Phase Regulation .
48 15 I D 100 10-100 0.5% | Star- cted three-phase systems con be
125 5-10 | D 500 50-500 0..5% [ handled oﬁccﬁ»jely. Other three-phase sys-
' Regulation Accuracy—.25% from Y to full D 1200 120-1200 0.5% tems must be fﬂ(lcwed by our Englm,n” i
load. I p2000 200-2000 0.5% I Dept. VA Capacities up to 45 KVA.
k ! ' ¥
R . o e g Sl el 5 . e 0 rpeton ol o ooty et ElE
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W KENYON

KENYUN one of the oldest names in trans-
formers, offers high quality speciF—
cation transformers custom-built to your require-
ments. For over 20 years the KENYON "K'’ has been
a sign of skillful engineering, progressive design and

sound construction.

:KENYON now serves many leading compan-
ies including: Times Facsimile Cor-
poration, Western Electric Co., General Electric Co.,
Schulmerich Electronics, Sperry Gyroscope Co., Inc.

Yes, electronification of modern industrial machinery
and methods has been achieved by KENYON'S
engineered, efficient and conservatively rated
transformers.

For all high quality sound applications, for small
transmitters, broadcast units, radar equipment, ampli-
fiers and power supplies — Specify KENYON!
Inquire today for information about our JAN ap-
proved transformers.

Clieck Your Reguinemente
“T7 LINE TRANSFORMERS

HERMETICALLY SEALED TRANSFORMERS
“A‘’ LINE TRANSFORMERS

1 PLATE TRANSFORMERS p~ INPUT & OUTPUT TRANSFORMERS
4~ FILAMENT TRANSFORMERS p~ SPECIAL FREQUENCY TRANSFORMERS
4” REACTORS 1~ ISOLATION TRANSFORMERS

3” CHOKES 1~ AUDIO TRANSFORMERS

4~ MODULATION TRANSFORMERS  ,~ HUMBUCKING TRANSFORMERS
3~ INTERSTAGE TRANSFORMERS 1~ AUTO TRANSFORMERS

Now — for the first time in any transformer catalog,
KENYON'S new modified edition tells the full com-
plete story about specific ratings on all transformers.
Our standard line saves you time and expense. Send
for the latest edition of our catalog now!

SEND FOR OUR CATALOG NOW!

FYr . ry v by rrr rryr ry | -------------—u-----,

KENYON Transformer Co,, Inc.

g 840 Borry Street, New York 59, N. Y. l'
" Send me the latest edition of your new catalog without obligation ,'
(] [
" NGOME it Address i R e H
" Position ................. ... City l'
]
Il i ettt e == == = .:'
oy nc. NEW YORK 59,N.Y.
34 February, 1949 — ELECTRONICS
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For driving
stage

GL-5513

To assure high video-signcl".

quality, specify G. E.’s pace-

setting 220-mc triodes in your
new TV transmitter design!

For output
HE BEST, most up-to-date. .. these words must o stage
describe every unit of your television circuit IF GL-9C24

you mean to get off on the right foot competitively.

So start by choosing General Electric ring-seal tubes.
Designed directly for grounded-grid circuits, they RATINGS AND ELECTRICAL CHARACTERISTICS
plug in quickly, firmly, with wide contact areas.
Lead inductance is extremely low. The tubes need

minimum neutralization.

All external parts are silver-plated to reduce r-f
losses. Fernico metal-to-glass seals are used through-
out. Sturdy, compact, built to true precision stand-
ards, Types GL-5513 and GL-9C24 are acknowl-
edged performance leaders in the TV and FM
fields. i

Study the ratings of these modern yet service-
proved v-h-f triodes; then phone your nearby
G-E electronics office for further facts, plus (if
desired) the application counsel of an expe-
rienced G-E tube engineer. Or, wire or write
Electronics Department, General Electric Com-
pany, Schenectady 5, New York.

180-H2-8830

GENERAL &2 ELECTRIC

FIRST AND GREATEST NAME IN ELECTRONICS

35
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SUB-MINIATURE ¢, ¢

l#

£p

S o o . = ACTUAL SIZE { o
Since discovering that toroidal coils a=e the solu- =
tion to problems in compactness of communica- / C0. Sur
tion and control equipment, design engineers have M Rk e

. N 2N —— o gy hg,,,ﬂgh" % or, s ﬂluslray,,,

been confronted with the ever pressing problem of — —
miniaturization. ooy Tl ——
A major step towards a solution has now been found [ 180 B - ;’ / T
and we take pleasure in presenting to the electronics o | | 2ex

5 Q g o a._a 0 ..m,\ | 260 -~ XY
field, the penultimate in the design of miniature 135 , 2
high Q coils, the types TC-4 and TC-5 and the {0 , % | 20

3 . a . 05 A \ 200
ultimate, sub-miniature TC-0 which is not much [ %0 - .
larger than a thumb nail. b A | s
For many applications, design engineers will bene- [ 51 7 [ 120 T
fit from our specialized experience in the manufac- | | = |
ture of miniature compenents and filters by utilizing | oy [ [ s
the performance capabhilities, degressively, of their | ;;;;a,-,.,;,:, v [ ol 1T
larger associates (Types TC-1, TC-2, TC-3) but L gy 16 VZ:::,";"D':'ca [0
compressed into midget proportions, permitting an e nane N S Mt i, hgher 1,
elgg‘artlt _soltqtion to the importunate problem of ¢ Ch""’“er:‘sz,cS ‘f‘ L 010 Wagn 20 Mar.0 2
miniaturization. are o O the ¢ —ad |
i i avaj es Tc.

All of the TC series are toroidally wound on ‘ - lavle o requey' TC.2 a"ch\
molybdenum permalloy cores providing high Q with . I}w St -3
a stability unattainable by any other material. ) ‘f

EXCLUSIVE

MANUFACTURERS OF a> X COMMUNICATIONS NETWORK COMPONENTS

OMPILYHANDIED . YQNKERS 2, NEW YORK

CEBLE ADDRESS “BURNELL"
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Models courtesy of Johnston Hearing Aid Mfg. Co.

TYPICAL “*AMPEC"—(actuzl size, back view)
shows how you can get complete electrical cir-
cuits—tube sockets, capacitors, resistors and wir-
ing—in one miniature Cents alab amplifier unit.

ELECTRONICS — February, 1949

How Johnston uses (RL’s
“Printed Electronic Circuit” to build
its light-weight, compact
Goldentone Hearing Aid!

Johnston uses Centralab’s PEC Ampec
audio-amplifiers and Model No. 1 Ra-
diohm controls in its compact, easily-
serviced Goldenfone Hearing Aids.

*Centralab’s Printed Electronic Circuit
— Industry’s newest method for
improving design and manufacturing efficiency!

USTOMER comfort ... greater output...dependable performance.

That's what Johnston wanted for its new Goldentone. And
that's what it got-— with the help of Centralab’s amazing P.E.C.
Yes—Ani pec made it passible to save space and material by reducing
the number of components needed. It cut production time by elim-
inating many assembling operations. It improved performance by
minimizing the chance of broken or loosc connections and by resist-
ing changes in temperature and humidity.
INTEGRAL CERAMIC CONSTRUCTION: Each Prined Llectronic Circnit is
an integral assembly of CRL H7-Kap capacitors and resistors closely
bonded to a steatite ceramic plate and mutually connected by means
of metallic silver paths “printed” on the base plate.

This outstanding hearing aid development, illustrated above, was
the result of closc cooperation between Centralab and Johnston
engincers. Working with your engineers, Centralab may be able to
fit ats Primted Llectronic Civcuit to your specific needs. Write for full
information, or call your nearest Centralab Representative.

= Centralab ==
RS

Division of GLOBE-UNION INC., Milwaukee

WWW.americanradiohistorv.com
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CORDITIS-FREE CORDS
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Ao Unusual Line of
IMPULSE
REGISTERS

-

SHAFT REJOLUTIONS

CYCLOTAON 1EIALTIRS GO

Sy oo

<

PRECISION REGISTER specially made for
the United States Navy . .. used for pre-
cision propulsion measurements. Has 6-
FLUSH MOUNTED Type inch dial, and indicates up to 100 im-
with single hole mounting pulses per second.

and plastic case. Widely

used for panel mounting. 2 m B .
i yclotron Specialties Impulse Registers were

l originally designed to meet the exacting re-
quirements of radio-activity research workers.
{ Their outstanding performance has attained
| for them acceptance in nearly every scientific
field and today, many special types are in use
by scientific workers throughout the world.

Cyclotron Specialties Registers are unique in
. their ability to operate at exceptionally high
TYPE 401-A with fully en- speeds with complete accuracy and without
CICEEEEISERSIHERE EaEE adjustment or maintenance. They are unex-
and non-removable-top q . 9

celled for high speed impulse recording and
complete specifications mechanical operations requiring counting in
below W precise quantities.

binding posts. See the

In addition to the Cyclotron
SPECIFICATIONS OF IMPULSE REGISTER NO. 401-A

Accurately Registers Up to 60 Impulses Per Second
Main, easily-read sweep dial reads 0 to 100 directly

Sweep dial plus auxiliaries read 0 to 9,999 impulses without extra equipment speeds, electrical reset, add
4000 ohm B.C. resistance

Operates on as low as 100 milliwatt
Small, compact, light weight totalization. Inquiries for
Durable, rugzed construction to withstand unavoidable accidents
Dimensions: 3“ x 4“  Weight: 2 lbs.

Il

FLUSH MOUNTED Type
with four auxiliary dials

Specialties Registers illustrat-

ed, other typesinclude higher

and subtract type and higher

these special types will re-

ceive prompt attention.

clivery of all Type!

jate jties
lmm'edReasonable Quam
m

making possible direct
readings to 999,999 im-
pulses. Similar in con-
struction to regular Flush

Mounting.

[T
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Simulating Actual Operating Conditions,

Aerocom’s New Artificial Antenna, R OB L E Ms

Saves Time On Transmitter And Receiver Tuning

It is no longer necessary to final tune transmitters or receivers aboard
aircraft. With the new Artificial Antenna (Model DA200) you can
precisely simulate, electrically, any normal aircraft antenna. All this

Keeping Your Radio Beacon without leaving the test bench. This equipment will accept any
. transmitter power up to 200 watts -- coaxial fitting provides direct
Signal “On The Air” Is Simple With 52 ohm metered load. Sturdily construcied for hardpusage, can be

. mounted in standard rack cabin ru .
Aerocom’s Automatic Transfer abinet or used on bench EOp

The problem of transmitter failure in radio beacons is very serious.
The safety of crew and passengers depends on the continuous opera-
tion of this navigational aid.

Aerocom’s Automatic Transfer provides the means of placing your
standby transmitter “On the Air” should the main transmitter fail for
any reason except loss of powerline voltage. It can be set to function
either on abnormally low carrier power or abnormally low level of
keyed tone identification signals.

A letter or wire from you will bring descriptive literature

CONSULTANTS, DESIGNERS AND MANUFACTURERS OF STANDARD OR SPECIAL
ZLECTRONIC, METEOROLOGICAL AND COMMUNICATIONS EQUIPMENT.

Reg, U. 8.

AeroNauTiCcAL CoMMUNICATIONS EQUIPMENT INcC
3090 Deuglas Road;, Miami 33, Florida

DEALERS: Equipeletro Ltda., Caixa Postal 1925, Rio de Janeiro, Brasil # Henry Newman Jr.,
Apartado Aereo 138, Barranquillza, Colombia & Radclec, Reconquista 46, Buenos Aires, Argentina

40 February, 1949 — ELECTRONICS
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‘
- \
Alttges

...punchinq dies ayailable
in endless ”/’/éf for
COSMALITE"

COIL FORMS

Manufaciurers of radio and television receivers
KNOW the cutstanding advantages of COSMA-

LITE in both performance and price.

There is a further saving in time cnd costs through
the use of our extensive number of dies available

to purchasers of Cosmalite Coil Forms.

*Reg. U. S. Pat. Gif.

6201 BARBERTON AVE. CLEVELAND 2. GHIO |
« All-Fibre Cans Cosr zination Metal and 2aper Cans
« Spirally Wound Tukes and Cores fcr al Purposes

+ Plastic and Comtization Paper and 2last ¢ ttems

Your inquiry will receive |
personal and experienced |
attention.

See cur Exhibit #220 gt the |
1.R.E. Radio Engineering Show

* * *
PRODUCTION PLANTS also at Zlgmouth Wiz 0zdeasburg,N.Y. Calcage i, betrmit, ¥ ch., mmeshrg NJ.
PLASTICS DIVISION 1t Plymossn, Wisc. = ABRASIYE DIVISION 3 Clwvel ad, Elio
SALES OFFICES - Room 5637, Grand Cemcra Tarm Bdg. New York T N.T. alse G4iMam St kartfod, Conn.
CAKAQIAN PUIN : The Clmaeinnd {ontainer Canac, Lid., Prescot, Dmtarit

— - o
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Hvern—-

The electric food mixer, now a permanent
part of the modern kitchen, comes in for con-
stant, hard use in the preparation of 1,095 meals
in the home during one year’s time. Frequently,
the mixer is run for long periods of time, placing
a heavy load on the small electric motor which
powers the mixer unit. Insulation at vital points
within the control unit must be able to withstand
high heat and heavy current loads.

BH Extra Flexible Double Braided Fiberglas
Sleeving is used to insulate the resistor lead wire
in the motor and control unit of the Model 3-B
KitchenAid Mixer made by the Hobart Manufac-
turing Company.

Here is what the makers of the Kijciematin ’f'
food mixer say: 'fﬁ o

S L - E V '

’BH Non-Fraying Fiberglas Sleevings are made by an exclusive Bentley, Harris process (U.S. Pat. No. 2393530). ““Fiberglas’’ is Reg. TM of Owens-Corning Fiberglas Corp.
———————————————————————— USE COUPON NOW

Bentley, Harris Mfg. Co., Dept. E-30, Conshohocken, Pa.
I am interested in BH Non-Fraying Fiberglas Sleeving for

“High temperature and high voltage is the par-
ticular strain imposed on sleeving used to insulate
the resistor lead wire in the motor and control unit.
The heat resistance feature of BH Extra Flexible
Double Braided Fiberglas Sleeving led us to choose
this sleeving. Dielectric tests were made and BH
Extra Flexible Double Braided Fiberglas Sleeving
withstood 2000 volts. The results obtained have
been quite satisfactory.”

BH Extra Flexible Fiberglas Sleeving stays
flexible as string because no hardening varnish or
lacqjuer is used. Will not split or crack when bent.
Hu:.j..rsts abrasion and wear, Heat resistant to 1200°F,
erte us today about your insulation problem.

H_}-‘Q’TIFY HARRIs MFG S_o CONSHOHOCKEN, Pa.

¥

H é J_; 29

//_r

= J.»};/\J
r :
)

°F. at

operating at temperatures of

NAME COMPANY

(product) Send samples, pamphlet and prices
volts. Send samples so I can see for myself how on other BH Products as follows:

BH Non-Fraying Fiberglas Sleeving stays flexible as string, will not crack or split when bent.

ADDRESS

Tubing
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RELAYS OF ADAPTABILITY

Type BG

Thousands of specifications are filled by the complete
line of Allied Relays—seven of which are grouped around
the Allied emblem of engineering leadership.

Allied Control engineers pioneered the design of relays
from signal circuits to 75 ampere contacts, coils from
12 milliwatts to 3y watts to give the smallest mounting
area and accessible wiring facilities.

*Type “"BOHO' is D.P.D.T. relay sealed with standard

octal plug. Contact rating of 5 to 10 amperes and coil
capacity of 115 v. D.C. ot 2.5 watts and 220 volts; 25

and 60 cycles at 4.5 volt-amperes.

*Type “"CN'" is S.P.5.T. doubie break relay with 50 ampere
contacts and coil capacity of 115 v, D.C. at 3.5 watts and
220 volis; 60 cycles ot 10.5 volt-amperes.

*Type "BN"" is 6 P.D.T, relay with 15 ampere contacts and
coil capacity of 115 v, D.C. at 3.5 watts (not available

Type BO

in A.C.).

*Type "BG" is S.P.D.T. relay with 2 ampere contacts and
coil capacity of 25 v. D.C. at 50 milliwatts {not available
in A.C)

*Type ""‘BO'" is D.P.D.T. relay with 15 ampere contacts
and coil capacity of 115 v, D.C. at 2.5 watts and 220
volts; 25 and 60 cycles at 4.5 volt-amperes.

*Type "F' is S.P.D.T. with 2 ampere contacts and coil
capacity of 85 v. D, C. at 1.5 watts (not available in
A.C.).

*Type “'SK’* from S.P.S.T. up to 4 P.D.T. with 1 ampere
contacts and coil capacity of 60 v. D.C. at 750 milliwatts
(for 4 P.D.T, relay) not available in A.C,

Allied Contro! representatives are located throughout
the United States. A short note to our home office will

give you the name of our nearest representative.
AL-119

ALLIED CONTROL co., INC. 2 EAST END AVENUE, NEW YORK 21, N. Y,
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High speed and

High-speed production of a great variety of
lattice-type coils — with the accuracy that a
fine radio receiver requires — is why No. 84
Universal Coil Winders were selected by
Templetone Radio Mfg. Corp., New London.

Here, No. 84 machines wind antenna, pri-
mary antenna, LF,, R.F,, self-tuning, blocking
oscillator and other oscillating coils. Cali-
brated strap-type tensions facilitate handling
of even the finest wires, and the “gainer”

UNIVERSAL WINDING COMPANY,

ST TEMPO

at Templetone Radio

high accuracy producing coils for radios

mechanism which accurately positions the
wire turns is quickly adjusted.

The No. 84 Coil Winder is available to
wind 1, 2, 3 or 4 coils at once, and one oper-
ator can handle two machines, depending on
coil specifications. Speeds from 400 to 800
rpm. Counter-control provides instant auto-
matic stop upon completion of coil.

Write for Bulletin 84-L.

P.O.Box 1605, Providence,R. I.

;
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The United States Navy

has assigned the development
of highly important detec:ion
equipment to the Electranics Diviszon

of the

EDO CORPORATION
COLLEGE POINT, L.1., N.Y,

Precision Engineers and Manufacturers
for 24 Years. '
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3J/160E.
IKW i
UHF TRIODE 3 :

2J/IT0ES

3J/221S e V}-?F;lzTEIVOVDE

IOKW TRIODE 4 Mox . finc.Pins)
HF PCWER AMP. B0 "

& Mas Ht t nc.Pins) 506 mm.
. Max Dig '72mm. g8 :
: . N H F.PENTCDE

H.F.TRIO
. Max Ht.{Inc|
230

Srandard Telephores and Cables Limired  Radio Division

nl 7. & T. associate

OAKLEIGH ROAD, NEW SOUTHGATE, LONDON, N.1t1t, ENGLAND
R.D.12

46 February, 1949 — ELECTRONICS

www americanradiohistorv com


www.americanradiohistory.com

TEMFLEX 105 flexible plastic tubing

High heat stops most plastiz tubings, but
not TEMFLEX 105 — TEMFLEX 105 defies
heat . . . works continuously at extreme
temperatures . . . as high as 105° C!

And TEMFLEX 105 retains the remark-
able properties you have found in former
Irvington plastic tubings—right up through
those top temperatures.

TEMFLEX 105 passed Underwriters’
Laboratories tests, yes — and more. In our
owr. laboratories, we ran further gruelling

tests—demanding unusual flexibility, highﬁ

dielectric strength and strong oil resis-
tance . . . after aging longer, at tempera-
tures higher, than UL, r2quiremencs.

Try TEMFLEX 105 far yourself where
“hot spots” in your equipment have given
you trouble. You will recognize it oy the
special name strip runn ng the length of
the tubing — this marking distinguishes
TEMFLEX 105 from tubings limited to
lower temperatures.

Generous samples and full data are yours for the asking.
Send for them. e THE won

X
IRVINGTON v../i v Inswtater €

Irvington 11, New Jersey

Authorized disttibutors in: Baltimore; Bluetield, W. Vao.; Soston; Charlotte;
New Hartford, N. Y.; New Orieans; New York; Philadelphio; Pittsburgh; Portland, Ore.; $t. Lovis;

ELECTRONICS — February, 1949
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wasn

Chicago; Cleveland; Dallas; Denver; Los Angeles: Milwaukee; Minneapolis;

San francisso; Seattle; Hamilton, Ontario, Canada.
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Developed by General Electric and proven by the thousands in the
war, these compact units are now available for any commercial
use. They find application in radar and industrial equipment
where the normal capacitor discharge shape is not suitable and
where an impulse having a definite energy content and duration
is required. The network consists of one or more equal capacitor
sections and the same number of inductance coil sections. Both
capacitors and coils are hermetically sealed in the same metal
container. Networks are treated with top quality mineral oil to
provide stability of capacitance characteristics over a wide range
of ambient temperatures. Sizes from which you can make your
selection range from a 0.5-kw output rating to 4500-kw. Write
for bulletin GEA-4996.

WWW.americanradiohistorv.com

DESIGNED
FOR BETTER
READABILITY

General Electric’s new line of 3 14-inch
thin panel instruments will save space
and add to the appearance of your
panels. They’re dust-proof, moisture
resistant, and vibrations normally en-
countered in aircraft and moving
vehicles have no adverse effects. Espe-
cially designed for better readability, the
scale divisions stand out by themselves.
Lance-type pointers and new-style nuni-
bers mean faster reading. Available in
square and round shapes, depth behind
the panel is only 0.99 inches. Construc-
tion is of the internal-pivot type, with
alnico magnets for high torque, good
damping, and quick response. Check
bulletin GEA-5102.

February, 1949 — ELECTRONICS
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SIMPLIFY CONTROL WIRING
'WITH THESE TERMINAL BOARDS

Easy-action hinged covers protect
control wiring, help give your product
a neat appearance. Hook-ups are easy
with the hard-gripping connectors.
Simply strip the wire end, screw down
the connector on the bare wire. Blocks
are durable, too, constructed of strong
Textolite with reinforced barriers be-
tween poles to insure against breakage.
Marking strips are reversible—white on
one side, black on the other. These
terminal boards are available with 4 to
12 poles, 2 inches wide, 11{ inches
high. Send for bulletin GEA-1497C,

HOLDS
OUTPUT VOLTAGE
CONSTANT

This latest addition to G.E.’s line of
automatic voltage stabilizers comes in
15-, 25-, and 50-va ratings. Output is
115 volts, 60 cycles. The small size of
the unit makes it particularly applicable

ELECTRONICS — February, 1949

J  COMPANY

to shallow-depth installations in many
types of equipment. You may have a job
for this unit which will give you auto-
matically stabilized output voltage at a
low cost. There are no moving parts, no
adjustments to make; long service is
assured. Check bulletin GEA-3634B for
more information about this and other
G-E voltage stabilizers.

LOOKING FOR
LIGHTWEIGHT SWITCHES?

Switchettes* are designed for applica-
tions which require a manually operated
electric switch in a limited space.
Though small, these switchettes are
lightning fast in action and are built to
withstand severe service. A wide variety
of forms and terminal arrangements
makes them particularly useful where
special circuit arrangements are neces-
sary. Switchette shown above has one
normally open and one normally closed

circuit, transferable when button is

depressed. Check bulletin GEA-4888.

*Switchette is General Electric’s trade name for
these small snap switches.

FOR YOUR COOLING FANS

Here’s a fractional-horsepower fan
motor suitable for many uses because
of its compact design, low servicing
requirements, and extreme quietness.
Long, dependable operation is assured
by sturdy, totally enclosed construction.
These Type KSP unit-bearing motors
are of shaded pole type design with low
starting torque characteristics especially
applicable to fans. A continuous oil
circulation system furnishes good lubri-
cation. You can use simple, hubless,
low-cost blades with the special mount-
ing arrangement. Write for bulletin
GEC-219.

e 4

General Electric Company, Section H642-19 I

/

, [JGEA-4996 Capacitor Pulse-
forming Networks

l [1GEA-5102 Panel Instruments
[1GEA-1497C Terminal Boards

l NAME. .

ADDRESS

ClITY. STATE

Apparatus Department, Schenectady, N. Y.

Please send me the following bulletins:

] GEC-219 Unit-bearing Fan Motor

/

[JGEA-3634B Avutomatic Voltage I
Stabilizers I
[1GEA-4888 Switchettes I

/
/
/

www americanradiohistorv-com
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When it’s

v Flame Resistant
v Heat Resistant
v High Dielectric

v High Insulation
Resistance

Ea.s.y Sf"PPm_g_ approved by Underwriters Laboratories af
v Facilitates Positive

Soldering o
v Also unaffected by the
heat of impregnation—
therefore, ideal for coil CENTIGRADE 600 VOLTS

and transformer leads

Proven BEST by exhaustive tests! Leading producers of

RUBBER 75° television, F-M, quality radio and all exacting elec-
PLASTIC .80 L tronic applications specify our Underwriter Approved
~NOFLAME-cOr”__ 90 “NOFLAME-COR" as a MUST. Immediate delivery. All

sizes, solid and stranded. Over 200 color combinations.
COMPLETE ENGINEERING DATA

AND SAMPLES ON REQUEST

“made by engineers for engineers”

CORNISH WIRE GOMPANY, inc.

605 North-Michigan Avenve, 1237 Public Ledger Bldg.,
po i 15 Park Row, New York 7, N.Y. | Ftae e

MANUFACTURERS OF QUALITY WIRES AND CABLES FOR THE ELECTRICAL AND ELECTRONIC INDUSTRIES

50 February, 1949 — ELECTRONICS
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23 Truarc rings permit changeover
to centerless grinding savings

The Acme No. 3 Steelstrapper uses 23 Waldes Truarc Retaining
Rings to position and hold shafts against frequent heavy pressure.

“The use of Truarc Retaining Rings permits
centerless grinding of pins instead of plunge-
grinding. This eliminates the problem of taper

and reduces the required tensional tolerances of

these parts,” reports Acme Steel Company of

Chicago. "Furthermore, use ot Truarc rings gives
the Steelstrapper smoother lines by eliminating
unsightly projections. This results in a more
streamlined housing, a definite sales advantage.”

Making repairs is much easier too, because

ey
oo m
( > -

Truarc simplifies assembly and disassembly.
Truarc rings are precision engineered, may be
used over.and over again, remain always circu-
lar to give a never-failing grip. Wherever you
use machined shoulders, nuts, bolts, snap rings,
cotter pins—there's a Truarc ring that does a
better job of holding parts together. Truarc cuts
costs, adds sales advantages. Waldes Truarc
engineers will be glad to show how Truarc can

help you. Send us your problem.

® Send for new Truarc booklet,
“New Development In Retaining Rings’’

e S D BN D D S SN S D T S AL S G
WA L n E s I Waldes Kohinoor, Inc., 47-10 Austel Place E-2 1
| Long Island City 1, N. Y. ]
] Please send booklet, 'New Development In Retaining |

1 Rings''to;
1
] Name |
Title I
= |
REG. U. S. PAT. OFF, [ Company I
RETAINING RINGS b Busines Aadren |
WALDES KOHINOOR, INC.,, LONG ISLAND CITY i, NEW YORK 1 City Zone State 1
WALDES TRUARC RETAINING RINGS ARE PROTECTED BY U. 5. PATS, 2,302,948; 2,026,454, 2,416,852 AND OTHER PATS. PEND, h O N N BN AN Ee IS BN SIS SN S S S S e LN -l
ELECTRONICS — February, 1949 51
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is proving to be the RIGHT plastic material for a growing
list of electrical manufacturers. Three grades of Laminated
INSUROK you'll want to consider, for sheet stock or
parts fabricated in our factory are

GRADES T-800 -+ T-640 + T-725

PROPERTIES OF T-800 COMPARISON OF INSUROK T-640 AND INSUROK T-725
Thickness 1718 1/8" 5/64" 5/64" T-640 T-725
Sanded Grade T-640 Sanded T-725 Sanded
Volatile 0.30% 0.20% 0.31% 0.33%  Thickness 0.075" 0.078" 0.076" 0.077"
Moisture Abs. 0.30% 0.18% 0.28% 0.28%  Volatile 0.45% 0.44% 0.31% 0.31%
Expansion Moisture Abs, 0.60% 0.67% 0.35% 0.40%
Center .0001” .0004” .0001” .0000”  Expansion
Edge .0000"" .0002" .0001"” .0001" Center 0.0002" 0.0002" 0.0002" 0.0002"
Edge 0.0005"  0.0002"  0.0002”  0.0003"
Tests at Room Conditions
Tensile Cold Flow _
122° F. 0.18% 0.21%

Lengthwise 8,500 212° F. 1.23% 2.25%

S R Tests at Room Conditions
Modulus Tensile

Lengthwise 1,195,000 Lengthwise 18,900 18,850 18,875 20,000

Crosswise 1,081,000 T Crosswise 14,825 14,400 14,900 13,450
Flexural Modulus -

Lengthwise 13,750 Lengthwise 1,385,000 1,340,000 1,395,000 1,550,000

Crosswise 12,300 Crosswise 1,125,000 1,250,000 1,265,000 1,145,000
Eo;npressive 35,000 LT
Specific Gravity 0 0 Lengthwise 22,825 22,825 22,225 24,250
Arc Test - Crosswise 18,450__ _1_7L950 19,350 17,125

Maximum 26 sec. 22 sec. Disteciic) liensih

Minimuam Tolcey o Short Time 680 664 715 692
Dielectric Strength Step by Step 604 598 653 641

Short Time 658 540 A_r_c Tés’

Step by Step 7 i Maximum 78 sec. 138 sec. 86 sec. 135 sec.
Power Factor Y5107 o150 0206 foio0 Minimum 14 sec. 92 sec. 16 sec. 128 sec.
Dielectric Constant 3.90 4.14 3.99 3.91 LI E G CRERE L0507 00273 020278
Loss Factor 0767 0823 0821 o7az  Dielecttic Constant i 478 b 2

Loss Factor 0.134 0.147 0.118 0.123

A . oy 3
Tests after 96 hrs. at 90°% Relative Humidity 104° F. Tests after 96 hs. at 90% Relative Humidity 104° F.

Power Factor .0210 .0218 .0218 .0213 Power Factor 0.0394 0.0362 0.0301 0.0290
Dielectric Constant 3.99 4.31 4.11 3.98 Dielectric Constant 5.08 4.88 4.49 4.66
Loss Factor .0838 0900 .0896 .0849  Loss Factor 0.199 0.177 0.135 0.135
Insulation Resistance 167,000 166,000 225,000 330,000 Imsulation Resistance 17,500 25,500 117,800 95,400

Insulation resistance tested according to A.S.T.M. method D 257-46 using tapered pins.

ke RICHARDSON COMPANY

GENERAL OFFICES: LOCKLAND. OHIO FOUNDED IN 1858

Sales Headquarters: MELROSE PARK, ILLINOIS

CLEVELAND - DETROIT - INDIANAPOLIS - MILWAUKEE - NEW BRUNSWICK. (N.J.) - NEW YORK - PHILADELPHIA - ROCHESTER - ST. LOUIS
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ONE OF THESE 5 WILL BEST FILL YOUR V.0.M. REQUIREMENTS

ADOD ey
1i70e

L} \5&0 =

¢
o

o

Wiz

MODEL 630. Outstanding Features: (1) The new Triplett
Molded Selector Switch with contacts fully enclosed . . . (2)
Has Unit Construction with Resistor Shunts, Rectifier Batteries
in molded base . . . (3) Provides direct connections without
cabling . . . no chance for shorts . . . (4) Big easily read
51%," Red + Dot Lifetime Guaranteed Meter.

TECH DATA

. VOLTS: 0-3-12-60-200-1200-6000, at 20,000 Ohms/Volt
_ VOLTS: 0-3-12-60-2C0-1200-6000, at 5,000 Ohms/Volt
. MICROAMPERES: (-60, at 250 Millivolts
'C. MILLIAMPERES: 0-..2-12-120, at 250 Millivolts
D.C. AMPERES: 0-12, at 250 Millivolts
OHMS: 0-1000-10,000; «.4 Ohms at center scale on 1000 scale; 44 Ohms
center scale on 10,00C* -ange.
MEGOHMS: 0-1-100 {4400-440,000 at center scale)
DECIBEL3: —30toc —4, —16, —30, —44, —56, —70.
OUTPUT: Condencer in series with A.C. Volt ranges.
MODEL 630. .. U.S.A. Dealer net price. . . . .$37.50
Leather Cearrying Case, $5.75. . . Adapter Prcbe for TV and
High Voltage Extra.

MODEL 666-HH. This is a pocket-size tester taat is a marvel
of compactness and provides a complete miniature Jaboratory
for D.C. and A.C. voltages, Direct Current ind Resistance
analyses. Equally at 2ome in the laboratory, on -he work bench
or in the field . . . i-s versatility has labeled it the tester with
a thousand uses . . . housed in molded case . . .

TECH DATA

D.C. VOLTS: 0-10-50-25C-1000-5000, at 1,000 Ohms/Volt
A.C. VOLTS: 0-10-50-250-1000-5000, at 1,000 Ohms/Volt
D.C. MILLIAMPEEES: 0-10-100-500, at 250 Millivolts
OHMS: 0-2,000-400,000, (12-2400 at center scale)

MODEL 666-HH.. . . U.S.A. Dealer Net Price..
Leather Carrying Case, $4.75.

..$22.00

MODEL 625.NA. This is the widest range laboratory-type
instrument with long 5.6” mirrored scale to raduce parallax.
Special film resistors provide greater stability on all ranges.
Completely insulatec molded case. Built by Triplett over a
long pericd of time, it has thoroughly proved itself in labora-
tories zll over the werld.

TECH DATA

SIX D.C. VOLTS: 0-1.25-5.25-125-500-2500, at 20,000 Ohms/Volt
SIX D.C. VOLTS: 0-2.5.10-50-250-1000-5000, at 10,00 Ohms/Volt
SIX A'C. VOLTS: 0-2.5.10-50-250-1000-5000, at 10,000 Ohms/Volt
D.C. MICROAMPERES: 0-50, at 250 Millivolts

D.C. MILLIAMPERES: C-1-10-100-1000, at 250 Millivols

D.C. AMPERES: (-10: at 250 Millivolts

MODEL NO.

e
¥ e 300 2
} 52

1 fy oUt
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OHMS: 0-2000-200,000, (12-1200 at center scale)

MEGOHMS: 0-40, (240,000 at center scale)

SIX DECIBELS RANGES: —30 +43.0, +15, +29, +43, +55, +69.
(Reference level "O” DB at 1.73 V. on 500-Ohm line.}

Six QOutput on A.C. Volts ranges.

MODEL 625-NA.. .. .U.S.A. Dealer Net Price. . . . $45.00
Carrying Case, $5.50. Accessories available on special order
for extending ranges.

MODEL 2405-A. This instrument combines ultra sensitivity
with a large 53/ " scale meter and is housed in a rugged metal
case. . . It is furnished with hinged cover so that it can be
used for service bench work or for portable field service.
Gives A.C. Amperes readings to 10 Amps.

TECH DATA

. VOLTS: 0-10-50-250-500-1000, at 20,000 Ohms/Volt
. AMPERES: 0-10, at 250 Millivolts
- MILLIAMPERES: 0-1-10-50-250, at 250 Millivolts
. MICROAMPERES: 0-50, at 250 Millivolts
'C. VOLTS: 0-10-50-250-500-1000 at 1000 Ohms/Volt
A.C. AMPERES: 0-0.5-1-5-10, at 1 Volt-Ampere
OHM-MEGOHMS: 0-4000-40,000 ohms—0-4-40 megohms (self-contained
batteries)
OUTPUT: Condenser in series with A.C. Volts ranges
DECIBELS: —10 to +15, +29, 443, +49, +55. (Reference level 0" DB
at 1 73 V. on 500-ohm line.)
CONDENSER TEST: Capacity check of paper condensers is possible by
following data in instruction book.

MODEL 2405-A.. .. .U.S.A. Dealer Net Price. .. .$59.75

MODEL 2451. Electronic Volt-Ohm-Mil-Ammeter . . . is easy
to use in complicated testing . . . A must in FM. and TV
work in any sensitive circuit where low current drain is
a factor . ..

TECH DATA

D.C.-A.C.-A.F. VOLTS: 0.-2:5-10-50-250-500-1000

RF. VOLTS: 0-2.5-10-50

D.C. MILLIAMPERES: 0-2.5-10-50-250-500-1000

OHMS: 0-1K-10K-100K

MEGOHMS: 0-1-10-100

INPUT IMPEDANCE: 11 Megohms on D.C. Volts.
4.8 Megohms on A.C.-RF. Volts

MODEL 2451. U.S.A. Dealer Net Price

External high-voltage probe available on special order. See
the Triplett V.O.M. line at your local Radio Parts Distributor
or write

Drecision fensl.. to Lasl

TRIPLETT ELECTRICAL INSTRUMENT COMPANY - BLUFFTON, OHIO, U.S.A.

In Corodo: Triplett Instruments of Canada, Georgetown, Ontario

ELECTRONICS — February, 1949
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MIGHTY HNidget!

Jespite small size,
andies 30 amps.!

ts the new ADLAKE
No.1110 RELAY

Thirty amps. is a big load, but the new Adlake No.
1110 Relay is rugged enough to handle it. It is small
enough to fit in one hand, yet it makes and breaks
30 amps. easily, and with low operating current.

Like all Adlake Relays, No. 1110 is hermetically U S ES.
sealed against dust, dirt, moisture and oxidation; ¢ _
mercury-to-mercury contact prevents burning, pit- : 2 %
ting and sticking; it’s silent and chatterless, abso- * power circuits
lutely safe and requires no maintenance. And it’s
cushioned against impact and vibration.

¢ motor controls

Both contact and coil leads are fastened to the ¢ heater controls
terminal posts. Block is equipped with compression ) i
type terminals to simplify installation. ¢ traffic controls— %
Write today for free, illustrated Adlake Relay and a host of others

folder, giving full details on No. 1107 and other new
Adlake Relays. Address: The Adams & Westlake
Company, 1107 N. Michigan, Elkhart, Indiana.

00 000000000000 000000000000000000 0000000000000 00000000000 80000000000 000000
TRADE MARK

we damg & Westlake onras

Established 1857 « ELKHART, INDIANA ¢ New York = Chicago
Manufacturers of Adlake Hermetically Sealed Mercury Relays for Timing, Load and Control Circuits
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The 5655 has three sections?! (1) Image, (2) Scadning, (3)
. Multiplier. The image section contains u semi-transparent pho-
tocathode on the insice of the face plate, and on this the scene
televised is focused by an. optical fens"system. This causes the
= . photocathode to emit a stream ‘of electrons trom each iHlumi-
nated area (proportionat to the.light striking the area), and
these are focuséd on one side of the ''target’’ where they pro-
duce a charge pattern. The opposite’ side of the torget is
scanned by a low-velacity electron beam from .an electron gun
in the scanning section. Electrons from the-gun are turned back
at the target forming a return beam which has been amplitude
modulated by depostion of the electrons at the target, in
accord with the charge pattern whose more positive areas
. correspond to highlichts of the televised sceme. In the multi-
plier section, the return beam is directed to a 5-stage amplifier
(using secondary em ssion to amplify electron beam signals},
3 and here the modulatzd beam is amplified at least 300 times—
W s to drive the first stage of the video amplifier.

957

'NICHROME'V ,

METAL PARTS ' :

* Nichrome is manufactured only by

Driver-Harvis Campcmy

HARRISON, NEW JERSEY

S

- BRANCHES: Chicago, Detroit, Cleveland, Los Angeles, San Francisca, Seattle
(R 4 Manvfactured and sold in Canada by
The B. GREENING WIRE COMPANY, LTD., Hamilton, Ontario, Canada

*T.M. Reg. U. S. Pat. ON.,
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TIMING UNIT
PORTABLE SYNC GENERATOR
Type 5030-A

(SIMPLE TRANSLATION)

SUPERIOR DESIGN plus
QUALITY WORKMANSHIP equals

DU MONT
First with the Finest in Television

® Youdon't have to be an expert in higher mathe-
matics to recognize the thorough dependability,
accessibility and performance stability of all
Du Mont Television Broadcast Equipment. It's
there — you can see it in every component, bend
of the wire, and soldered joint.

That is the reason why Television Broadcasters,
guided by the experience of others, compare de-
sign plus workmanship, and then buy Du Mont,

== == the “First With the Finest in Television.”
stk :ﬁ’f”::?[):sm;""‘: Which simply adds up to this: Before you pur-
chase your telecasting equipment, follow the lead
%m %g of others—visit Du Mont—examine Du Mont—com-
e O pare performance —and draw your own conclu-
O sions.

O ALLEN B. DU MONT LABORATORIES, INC.

MONT NETWORK
LEN B. DU MONT LABORATORIES, INC. ¢ TELEVISION EQUIPMENT DIVISION, 42 HARDING AVE., CLIFTON, N. J. + DU

:I;JD ST.ATION WABD, 515 MADISON AVE., NEW YORK 22, N. Y. +« DU MONT'S JOHN WANAMAKER TELEVISION STUDIOS, WANAMAKER
PLACE, NEW YORK 3, N. Y. . STATION WITTG, WASHINGTON, D, C. . HOME OFFICES AND PLANTS, PASSAIC, N.
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ANOTHER PRD FIRST!

PRD is pleased to announce a new line of pre-
cision cavity type frequency meters for the
microwave spectrum. Units now available cover
in standard waveguide sizes the important
region from 5650 to 10,000 megacycles per
second, and offer for the first time such features
as linear dials which read directly in frequency,

® DIRECT READING DIAL hermetic sealing to eliminate humidity effects,
® HIGH Q, TEo,, MODE CAVITY and the use of low temperature coefficient alloys

to provide maximum accuracy over awide range

@O LINEAR DRIVE of temperature.
All units are calibrated by means of crystal
STEMPERATURE | controlled frequency standards. The use of pre-
COMPENSATION [ cision miniature ball bearings and special tem-
perature-stable greases assures retention of in-
S HERMETIC SEALING herently high accuracy characteristics over long
periods. Write to Dept. E-8 for an illustrated
©REACTION OR catalog of the complete PRD line of microwave
TRANSMISSION | test equipment.

COUPLING

RESEARCH
& DEVELOPMENT COMPANY, Inc.

202 TILLARY ST.
BROOKLYN 1, N. Y.

ELECTRONICS — February, 1949 57
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sT ALNICO Y and V1 THIN WALL RINGS
ETIC FOCUSING ASSEN\BHES

. _ M PROBLEM /

ur; gives clear, sharp
e fluctuations; and the first focusing
gnets of Alnico V and V1
d here) are cast, DOt
old’s advanced
without trouble.

materials,
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| Quatity and &

In TELEVXSION SETS, magne
warm-ups

even during

The thin ring-
¢ this use (seve
first cost.

tic focusing eliminates bl

or line voltag
type permanent ma
ral sizes are picture
sintered, in It'sa difficult job, but Arn
methods produce ‘hese rings it the desired quality and any quantity,
lication, in any grade of Alnico of other

)1 welcome your

—No matter what the 2PP
can depend of Arnold Permanent Magnets. We

reception
adjustment is the last.

produced by Arnold fo

order to save on
you

ruE ARNOED snain
| A e MP3
ALLEGHENY 1 Subsidiary of P REANY
. - . UDLUM 5 A - i
I 147 E ; STEEL € !
S : : ast g A OR ]
Pectal:stf and Leaders in the D & -OMano Street, Chicago 11 ':I(I)‘RATIO N
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hnt-_ o e
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Now...

CAPACITORS

Silicone=Sealed
for Life!

Silicone—the amazing new synthetic—
made headlines when General Electric
brought it out during the war. It’s news
again today  for G.E. has now made
Silicone bushings and gaskets a standard
feature of all its specialty capacitors up
through 5000 volts.

This means that your new G-E capacitor
is sealed positively, permanently- —for max-
imum life. For Silicone seals by compres-
sion alone, without the use of contaminat-
ing adhesives. It will never shrink, loosen
or pull away it remains elastic at any
operating temperaturé a capacitor will
ever meet. Moreover, it is impervious to
oils, alkalies and acids, and its dielectric
strength is permanently high.

This exclusive G-E feature—with the
use of highest grade materials, with strictest
quality control and individual testing—
make General Electric capacitors finer and
more dependable than ever before. Appara-
tus Dept., General Electric Company,
Schenectady 5, N. Y.

Silicone bushings and
plastic cups used with
capacitors 660-v a-c, or
1500-v d-c and lower,

Silicone bushings used
with capacitors 660-v a-c,
or 1500-v d-c and lower.

g ———— e ——

Silicone gaskets and plas-
tic stand-offs used with
capacitors rated 2000-v
d-c and lower.

Silicone gaskets and por-
celain  stand-offs used

] with capacitors rated
2500-v to 5000-v d-c.

ELECTRONICS — February, 1949
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Wherever There's a CORE and COIL g“lg

Power and
Audio Transformers

Chokes - Filters

Choose

POWER SUPPLY UNITS AND ELECTRONIC

ASSEMBLIES TO SPECIFICATIONS

o Jovianli Eteclice, Inc. o

30-A Rockefeller Plaza ®* New York 20, N. Y,
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AR R RSO B IS R

Reeves electronic ”BRA/N”uses Sylvania Germanium

Duo-Diodes in vital-to-accuracy circuit

HE Reeves Electronic Analog Computer (REAC),
which compresses thousands of man-hours of cal-
culations into a few hours’ time, is one of the first
office-size differential analyzers to be developed for
industrial laboratory use. It incorporates an extremely
sensitive system for automatic balancing of its 20
dc computing amplifiers, to offset any possible drift.

Unbalanced output from an amplifier operates
a servo unit driving 20 magnetic clutches, which in
turn drive nulling potentiometers till amplifier output
is balanced within a few millivolts. Circuit shown in
diagram then acts to index stepping relay to the
next amplifier.

Two Sylvania 1N35 Germanium Duo-Diodes are
used by Reeves Instrument Corporation, New York,
in this accuracy-controlling circuit, because of their
ability to handle very low voltages and pass an
absolute minimum of ac signal.

INPUT
SIGNAL

Light, compact Sylvania Germanium Diodes and Duo- I sy ~
Diodes, which simplify wiring and need no heater sup- 1 e“‘::"’ Electric p,,, d e
plies, are being used constantly by more manufacturers Fi f?h ivision DUcts Inc N~ ———
to improve performance, or to reduce cost, size and  J GCe ve, 'e\:";' E.2¢9 ~~~'
weight. Why not put them to work in your products? ) e:”emen ork 18 N Y 1
se s
) uo- me
GET THE FACTS ON TV USES TOO! ,’ s o::,, e incly, " ature "
e i o

Electronics Division; 500 Fifth Avenue,
New. York 18, N. Y.

ELECTRGNIC DEVICES; RADIO TUBES; CATHODE' RAY TUBES; PHOTOLAMPS;
 FLUORESCENT LAMPS, FIXTURES, WIRING DEVICES; ELECTRIC LIGHT BULBS -

ELECTRONICS — February, 1949 61
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BUTLER

WACB
KITTANNING

WMCK
McKEESPORT-&@ whis

V GREENSBURG
WASHINGTO\N\ /

UNIONTOWN

WMBS
WNIQ

(-3 1)
Scale: *Mues

m: i —?d‘ @3‘%

WHERE COMPETITION IS KEENEST. ..

BLAW-KNOX TOWERS DOMINATE THE AIRWAYS

That “still, small voice in the wilderness’ hasn’t a chance around
Pittsburgh. To be heard above the electronic babble it must
come out loud, strong and clear.

Receivers tuned to the stations shown here find clear, sharp 5

signals broadcast via Blaw-Knox Antenna Towers . . . Radio en-
gineers know you can ‘“hear the difference.”

7

OIL CITY \ SIZE AND TYPE OF BLAW-KNOX TOWERS IN THE PITTSBURGH AREA

KDKA —Pittsburgh, Pa. WPIT—Pittsburgh, Pa. WFBG—Altoona, Pa.
1—500" H-40 (AM-FM} 1—240" CFN {AM-FM} 1—105’ CFN (FMm})
WCAE—Pitisburgh, Pa. WMCK—McKeesport, Pa. WACB—Kittanning, Pa.
|—360,' SK (AM) 3—200' CK (AM) 1-—200' CFN {AM)
1—275' N-16  (FMm) 1—188" CK  (AM-FMm) WKPA-—~Naw Kensington, Pa.
KQIV—sggu:_u;gh, (PFu.’ WHJB—Greensburg, Pa. 1—225’ CK (AM)
—330° H- 12 4—250" L7 (AM) wipA —Washin
, — gton, Pa.
w;—35° SK {AM)  WwsIR—Buller, Pa. 1—275" 5K {AM-FM)
SW—Pitisburgh, Pa. 1—273’ SK {AM-FM} WIAC—Johnstown, Pa
8—240"SN  (AM)  WILOA—Braddock, Pa. 1— 174" CK  (AM)
WJAS—?"shurgh, Pa. 1—315" 8K (AM) 1— 86’ H-40 (FMm-TV)
1—175" CK (am) WRYO —N. Rochester, Pa. WKRZ—Oil City, P
) 0 , Pa. — v, Pa.
1—175" CK  (AM-FM) 1—295' CH (AM) 1—225' CFN (AM-FM)
WDTV —Pittsburgh, Pa. WBVP—Beaver Falls, Pa. WMBS—Uniontown, Pa.
1—500" H-21 (TV) 1— 150’ CN {AM} 1—200’ CFH {Fm)
WKJIF—Pittsburgh, Pa. WHOD —Homestead, Pa. WNIQ—Uniontown, Pa.
o 1—375"H-21 (FM}) 1—=250" LT (AM} 1—200' H-21 (Fm)

i’}. b é’"‘
TR

P
bl ¥
o
BLAW-KNOX DIVISION OF BLAW-KNOX COMPANY @ O

2077 Farmers Bank Bldg., Pittsburgh, Pa.

A\
Azl
OF\" e
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PAYS ¢

TO SPECIFY

RCA Victor television receiver Table Model

8T 241 uses many Hi-Q capacitors for Uniform,
Dependable reception,

® Not only RCA Victor, but practically
every manufacturer of television sets looks
to Hi-Q Electiical Reactance Corpora-
tion for components of Dependable quality
... Precision tested and Uniform capacity.

Today’s tremendous demand for high
quality Hi-Q components is being met
at three (3) modern plants equipped with
the most modern machines helping supply
the needs of the fast growing electronics
industry.

Our competent engineering staff is
available for consultation with your engi-
neers in the design of newly developed

circults.
Booth No. 54 at I.R. E.

e— o ——————

A FEW OF THE COMPANIES USING
Hi-Q ELECTRONIC COMPONENTS

kao
MBERG_ CAR
l$o~

zca frcron “rRaig
Westinghouse

RADIO

S,

7 /(;/z

Benaiy Raadlo

@mcm\"

qﬁ,.‘ﬁo"“

auMow

Hi-Q components are specified by over 200
9 leading manufacturers. Space does not permit
LN & - !

AN listing all of our valued customers.

R/

GENERAL

DEPENDA R Ty
satisfoction X

MINIATURIZATION

Usiness make po

Your Production Costs

ELECTRONICS — February, 1949

Plants: FRANKLINVILLE, N. Y. —JESSUP, PA.—MYRTLE
Sales Offices: NEW YORK, PUILADELPHIA, DETROIT, CHICAGO, LOS ANGELES

- B
i bt e, g A
it 5

BEACH, S. C.
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radio

We have designed—and have
available—many types of C-D Quietones
which are equally effective on

both Radio and video bands. They meet
every requirement of manufacturers’
cost and production schedules.

One of these standard types may
remove your product from the list of
Radio interference generators.

If not, we're ready and waiting— with

a modern and complete laboratory

and experienced engineers—to design
and build a Quietone to meet your
specific needs. Your inquiry is

cordially invited. Cornell-Dubilier
Electric Corporation, Dept. K-29

South Plainfield, New Jersey. Other
large plants in New Bedford, Worcester
and Brookline, Massachusetts, and
Providence, Rhode Island.

*

interference filtering with C-D cielomes

cunNEu’- nunl“ ER Make Your Product

WORLD'S LARGEST MANUFACTURER CF PV SNSRI
with C-D Quietone

CAPACITORS s

Suppressors.
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A MESSAGE TO AMERICAN

*“Give us the tools...”

INDUSTRY .

71st OF A SERIES

What Are Your Chances
If There Are No Profits?

Since the November 2 election there has been a
dazzling variety of plans to have the government
do more and more things and spend more and
more money. But there is almost no variety in the
plans which are suggested to raise the money.

“Pay for it by taxing profits,” is the standard
refrain. Slap on an “excess” profits tax. Boost the
corporations’ income tax rate.

Well — why not? Haven’t the corporations been
making so much money that a big chunk of it can
be turned over to the government spenders with-
out hurting anybody?

The answer is no!

How high profits should be can be debated end-
lessly. Some people claim that 1948 corporation
profits, which will amount to about $20 billion,
are too high. They emphasize the fact that profits
are larger in relation to investment than they were
a few years ago. Other people think profits are
low. They stress the fact that profits are not much
larger in relation to sales than they have been
historically. Both sides agree that in some indi-
vidual cases profits have been too high, as in
others they have been too low or non-existent.

But if we cut the total volume of profits drasti-
cally, we shall do so at our national peril.

There is no room for debate about that. For we
shall choke off the crucially important job of build-
ing new plants and equipment for our industries.
Squeeze hard enough, and America will go the

way of Britain — down the long and painful skids
of industrial decline. Widespread unemployment,
especially among our industrial workers who pro-
duce new plants and equipment, will mark the
dreary way. Here is a fact which the President, the
Congress, the C.I.O., and all of us have a real
reason to remember:

Almost two-thirds of all profits today are going
to rebuild and improve plants and equipment.

More than $13 billion of this year’s profits are
being plowed back. They are going — as a large
proportion of profits have always gone — to buy
for workers better tools to work with, better sur-
roundings in which to work. They are making
possible better products, and more of them, for
all of us.

The figures below show how companies have
put more and more profit-dollars and a larger
share of their profits to work in the business:

YEAR PROFITS % OF TOTAL
REINVESTED PROFITS
1929 $2.6 billion 31%
1939 2 24%
1943 SIOF = 57%
1944 S22 53%
1945 42 - 47%
1946 69 55%
1947 M2 el e 62%
1948 est. 13.0 65%

continued on next page
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The record shows that each of us is the real
beneficiary of this plowing back of profits.

Every American has benefited from these prof-
its. Each dollar that business has put into its
plants and equipment in the last thirty years has
increased our yearly production by 35 cents.

This re-investment of profits has helped make
possible a 75% increase in living standards since
1919,

It has helped increase wages from an average
48 cents an hour in 1919 to $1.36 today. Allowing
for higher prices, that increase means that an
hour’s work today will buy twice as much as it did
thirty years ago.

Why must business retain these billions of
profits to improve its plants and equipment? Why
must it plow back more and more? The reason is
that business already is caught in a tax squeeze.

Federal taxes alone take at least thirty-eight of
each one hundred dollars a company earns. Then,
if the company pays out to its stockholders any
part of what is left as dividends, the federal per-
sonal income taxes of the stockholders may take
up to 77% of those dividends. Under these con-
ditions, so few people are willing to invest in in-
dustry that the stock market is stagnant. Compa-
nies can not raise in that market the money they
need for improvements.

The result: business must rely more and more
on plowed-back profits to pay for new plants and
equipment.

We know that everywhere in industry new and
better ways of producing goods are standing ready
for use. The previous editorial in this series men-
tioned some of them. We know, too, that depres-
sion and war put our industries far behind schedule
— as much as $100 billion behind — in getting the
new tools they should have had to keep themselves
in first-class shape. McGraw-Hill is now complet-
ing a survey of industry that will measure these
needs. The results will be published in this edi-
torial series. We know already that in 1949 alone
industry will need $18 billion or more for this
purpose.

And all but a small fraction of that sum must
come from profits.

Our prosperity, our strength as a nation, our hopes

for better living depend on our continwing to gen-
erate and to plow back a large volume of profits.

For that reason we should not thoughtlessly fol-
low these people who propose to pay for any and
all new government activities by saying simply,
“Soak the corporations.” There is no need to fol-
low them. There are other ways of obtaining nec-
essary funds.

First and foremost should be economy within
the government itself. If its citizens must pay still
higher taxes, then surely government should exer-
cise rigid self-restraint, cutting out all but the most
essential activities and expenses.

After economy should come consideration of
a broader federal tax base.

If these and other methods of raising money
are inadequate and if taxes must take a bigger bite
from business profits, two facts are clear. We
should not adopt an “excess” profits tax with all
of its complications and all of its corrupting effect
on business. A moderate increase in the regular
income tax on corporations is much less danger-
ous. But even such an increase, if necessary, should
be accompanied by special allowances for ex-
pansion and depreciation that will encourage
companies to continue spending their earnings
for new plant and equipment. We all have a
stake in that.

At this critical juncture in our history profits have
a new and vastly more important role than they
have ever had. In unprecedented degree they are
the drive behind our present prosperity and the
key to a better, stronger future.

Give profits the axe and the blow does not stop
there.

It cuts into the employment, the prosperity and
the strength of our nation.

Everyone of ‘us has a stake in how the President
and Congress handle taxes on profits — and now
is the time to remind them of that stake,

President, McGraw-Hill Publishing Company, Inc.
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NDIANA

Y]] THE INDIANA STEEL PRODUCTS COMPANY /

MAGNETS

ELECTRONICS -— February, 1949

The '"Magnetension,” a new
yarn-winding tension control
developed by Universal Wind-
ing Company, Providence, R. 1.,
uses this Indiana permanent

magnet.

INDIANA PERMANENT MAGNETS
TAKE THE “KINKS” OUT OF YARN-WINDING

® Here’s another job made simple by Indiana
permanent magnets—they hold tension leaves
against wear plates 0 provide even winding
tension on yarn-winding machines. And here are
the direct benefits: non-multiplying tension;
fewer broken filaments; less end breakage, cut
ends, or loops at cones; less attention to machines;
and a better product at less cost.

“PACKAGED ENERGY™” MAY BE YOUR ANSWER, T00 . ..

Indiana permanent magnets provide constant,
predetermined force for many needs. In magnetic
chucks and separators for holding and lifting . . .

in snap switches and pressure devices for replac-
ing springs . . . in magnetic drives for transfer-
ring motion through seals without mechanical
connections . . . the list is practically endless.

HOW AND WHERE TO USE PERMANENT MAGNETS . . .

Write for free Book No. 4E-2—the new reference
manual by Indiana. It shows how permanent
magnets save space, weight, and money; lists
applications; gives materials and design data.
If you have an application problem, let’s get our
engineers together. The experience of forty years
and more than 30,000 successful designs is at
your call. Write today.

6 NORTH MICHIGA
SPECIALISTS ,IN

N' AVENUE o
PACKAGED

CHICAGO,2
ENERGY”

ILLINOIS
1908

SINCE

65
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SPECIFY

PYRAMID

® Top quality, good delivery

66

and reasonable prices.
Watch this column for prod-
uct information on Pyramid’s
complete line of DC electro-
lytic capacitors, paper tubu-
lar capacitors and radio
noise filters.

Representatives and dis-
tributors in all territories.

WRITE FOR COMPLETE LITERATURE

PYRAMID

ELECTRIC COMPANY

156 Oxford Street
Paterson, N. J.

BUSINESS BRIEFS

By W. W. MacDONALD

TV Antennas offered to the pub-
lic break down by types as
follows:

27% dipole(s) with reflector(s)

26 folded dipole(s) with reflector(s)

17 dipole

15 folded dipole

15 miscellaneous types

About 33 percent of the types
listed use a plurality of dipoles
and ‘reflectors. Elements average
3, ranging from 1 to 12.

List prices average $23.82, with
the low at $1.75 and the high $125.

Nominal impedance of types

offered for sale is:
55% 300 ohms
37 72

8 other
And still they come!

Outdoor Tele Antennas, like
other vhf types, are subject to
null or “picket-fence” effects.
Move them a foot or so to the left
or right (and sometimes down
rather than up) a. 3ignals often
come through clearer or with more
punch. Such skywires do not al-
ways work best lashed to a con-
venient chimney.

This leads us to believe that
one or two new arrays that permit
moderate lateral movement of ele-
ments should do well. Another
design in the offing, by the way,
appears to be aimed at maximum
pickup from each of several local
stations rather than compromise
coverage of the whole 12 channels.

Indoor Tele Antennas have sev-
eral makers of the outdoor variety
worried. We doubt if any quali-
fied technician really thinks that
they will do as good a job, except
in a very few unusual cases. The
devil of it is that many dealers
will take the easy way out if at
all possible, as demonstrated in
the radio business. So, while we
fully underwrite any and all
efforts to keep outside skywires in
front, at least at this stage of re-
ceiver and transmitter develop-
ment, it is not a crusade to which
we would care to devote our de-
clining years.

Speaking of Antennas, we hear
that 10 percent of the tele anten-

WWW americanradiohistorv com

nas installed in connection with
one particular set sold in the
metropolitan New York City area
are right in the room. Every
week sees a new one, put out by
another manufacturer, enter the
market.

C-R Tube Mortality seems to be
greatest during the first few days
of use in television sets. One
reason is the shipment of tubes
in the neck-down position, which
funnels internal gunk into the
electron gun. Holding the bottles
face down and shaking gently
before use reduces the trouble to
some extent.

Zenith, it seems, has found a
way to put a square peg in a round
hole.

Many Nuclear Physicists like to
“roll their own’” electronic appar-
atus because (1) they don’t want
outsiders to have any part of con-
fidential information, (2) they be-
lieve their problems are too highly
specialized for others 'to under-
stand and (3) because they think
they know how to build such gear
as well as circuit specialists.

Regarding the first point: The
government has cleared many con-
sultants and industrial labora-
tories for such projects, and these
people know how to keep their
mouths closed for either military
or commercial reasons. The sec-
ond: If a physicist can explain it
a good electronic engineer can un-
derstand it. The third: Some
home-made apparatus we have
heard about makes this presump-
tion subject to question.

Purchase of electric motors, gen-
erators, adjustable-speed drives
and controls by the nation’s key
industries in 1949 will match or
exceed the previous year, accord-
ing to 58 district managers and
field sales engineers of Reliance
Electric.

This sounds plausible -to us be-
cause, although new plant con-
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THESE TUBES ...

THE 4-65A . . . is the smallest of the radiation
cooled Eimac tetrodes, Its ability to produce
relatively high-power at all frequencies up to
200-Mc. and over a wide voltage range offers
considerable advantage to the end user. For
instance the same tubes may be used in the
final stage of an operator’s mobile and fixed
station, Two tubes, in the mobile unit operat-
ing on 600 plate volts will handle 150 watts
input, while two other 4-65A’s in the fixed
station will provide a half kilowatt output on
3000 volts .

THE 4-125A . . . is the mainstay of present
day communication. These highly dependable
tetrodes have been proven in years of service
and thousands of applications. Two tubes are
capable of handling 1000 watts input (in
class-C telegraphy or FM telephony) with less
than 5 watts of grid driving power. In AM
service two tubes high-level modulated will
provide 600 watts output. For AM broadcast
thgy carry an FCC rating of 125 watts per
tube.

THE 4X150A . . . is highly versatile and ex-
tremely small (212 inches high). It is an ex-

Follow the Leaders to

¢

u The Power for R-F

ternal anode tetrode capable of operating
above 950-Mc. As much as 140 watts of use-
ful output can be obtained at 500-Mc. Below
165-Mc. the output can be increased to 195

watts. |t is ideally suited as a wide-band am-
plifier for television and for harmonic or con-
ventional RF amplification.

THE 4X500A . .. is a top tube for high power
at high frequencies and is especially suited to
TV and FM. It is a small external anode tet-
rode, rated at 500 watts of plate dissipation.
The low driving power requirement presents
obvious advantages to the equipment design-
er  Two tubes in a push-pull or parallel cir-
cuit provide over 1V2 kw of useful output
power with less than 25 watts of driving
power at 108-Mc,

THE 4-250A . . . is a power tetrode with a
plate dissipation rating of 250 watts and sta-
bility characteristics familiar to the 4-125A.
Rugged compact construction together with
low plate-grid capacitance, allows simplifica-
tion of the associated circuits and the driver
stage. As audio amplifiers, 2 tubes will pro-
vide 500 watts power output with zero drive.

FOR COMPLETE DATA ON ANY EIMAC TUBE TYPE WRITE TO:

EITEL-McCULLOU G H,

210 San Mateo Ave,

| N (.

San Bruno, California

ELECTRONICS — February, 1949

Export Agents: Frazar & Hansen, 301 Clay St., San Francisco, California
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“This National Vulcanized
Fibre Part '
solved our problem*—
assured us a

product which
performed

perfectly.”

*kRequired:

A material light in weight. resistant to wear, with good dielectric strength.
ready machinability. National Vulcanized Fibre with all these qualities,
plus—awas the perfect answer.

In your development of efficient, economical
products, it pays to investigate

A tough, horn-like material with high diclec-

i NA AL tric and mechanical streugth. lixcellent ma-
yur E chinability and forming qualities, great resist-
FI B - ance Lo wear and abrasion, long life, light
weight. Shects, Rods, Tubes, Special Shapes.

About one-hall the weight of aluminum,

possesses an unusual combination of proper-

HENOLIT& ties—a good electrical insulator, greal me-

i chantcal strength, high resistance 1o moisture;
Kiaminated PLASTIC glil, e ;

A

ready machinability. Sheets, Rods, Tubes,
Special Shapes.

The first fish paper developed for eleetrical

PEERLBSS insilation. Strong, smooth, flexible, with ex-
i INSULmON cellent  forming squalities. High dicleetrie

strength. Sheets, Rolls, Coils.

To help you solve your specific development problem— National
Research and Engineering Service available without obligation.

NATIONAL VULCANIZED FIBRE CO.
WILMINGTON DELAWARE
Offices in @ Principal Cities
Since 1873
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BUSINESS BRIEFS (continued)

struction will probably decline,
the equipping of existing plants
with more modern machinery
seems essential if sales are to be
maintained in the face of labor
and material costs already push-
ing prices to a point near infinite
customer resistance.

Industrial Business is steadily
increasing on the West Coast and
accounting for more and more of
the electronics dollar. According
to Sam Roth of United Catalog it
accounts for about 30 percent of
distributor sales in coastal cities
at the moment, and 50 percent in
the Los Angeles area.

Texas Baptists are planning to
install 170 ten-watt f-m stations,
having a range of about five miles
and operating in the 88 to 92-mc
educational band, if the FCC gives
the nod. We can think of no good
reason why Washington wouldn’t
come through with the necessary
approvals, and at least one good
reason why they will. So the use
of this part of the spectrum by
churches should increase sharply
in the coming year.

Dog’s Life is that of the Mon-
tana coyote. The government is
now hunting him by plane and
jeep, with the aid of uhf radio.
The plane does the spotting and
the jeep does the shooting.

Railroad Communication: 45
railroads now employ electronie
communications equipment in
vards and terminals, owning 879
portable and mobile stations (93
percent radio, 7 percent inductive)
and 118 fixed stations (82 percent
radio and 18 percent inductive).
Some 22 railroads have installed
equipment for routine communica-
tion with trains, 55 percent radio
and 45 percent inductive.

Radiophones for passenger use,
not included in the above figures,
are being installed so fast that any
tabulation we could make at this
time would be obsolete before this
issue of ELECTRONICS mailed.

Industry Mobilization Plans:
Still stalemated. Looks like we

might have peacetime procurement
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channeled to “leader” companies
but with contingent contraets at-
tached, a straddle embracing in-
dustry and military suggestions.

Conventional Methods of mak-
ing electronic components better,
smaller, lighter, cheaper or faster
are of interest to the military, but
what the current preparedness
effort really needs is more blue-
sky thinking along radical lines,
according to Wright Field’s Floyd
Wenger.

Floyd, who spent many years as
an engineer within the industry,
says for example, that new core
materials materially improve the
performance of transformers but
how about some one coming up
with a magnetic liquid that can be
poured into a coil to eliminate the
fussy solid core entirely.

You pick it up from there.

More And More subminiature
tubes are going into military gear,
particularly the airborne stuff. In
many instances the tubes are oper-
ated far over rating but do their
job ok because the application
does not require long life. In
others forced-air cooling is em-
ployed, and in still others com-
plete circuits are hermetically
sealed and freon gas is substituted
for air.

Electron-Wave Tubes in experi-
mental use are capable of turning
out appreciable radio+/frequency
power in the millimeter-wave-
length range. This is down near
the infrared spectrum, where
point-to-point communications are
achieved with a maximum of se-
crecy, so it should be of consider-
able interest to the military.

Rumor Has It that one of the
big Universities thinks it may soon
be able to predict whether or not
seeds will germinate, using an
electronic technique. More about
this later if current experiments
pan out.

Record Makers, Note: Keep this
up, boys, and we’ll have to design
a phonograph turntable with step-
less universal speed control, tripli-
cate triggers and quadriplicate
paddle wheels.
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Hermetic Seal

Povscazzze CHARACTERISTICS

and
/Eeadfe PERFORMANCE

'S“'i-gma
Series 6

Construction Also

Available

AY

§

RELAYS

GGED POLARIZEp RELay
s

3 BAsic TYPES

“NULL SEEKING”...“NORMAL"..“LATCHING"...

FORM “X — Three-Position “Null Seeking” sensitive relay. Armature
normally maintains central balanced position with all contacts open.
No motion occurs until a predetermined amount of current is applied
to coil. Agmature then snaps right or left (depending on polarity of
coil current) to close correct contacts. Snaps to return position at a
lower value of coil current.

APPLICATIONS — For servo or control circuits where a variable must
be restored to normal from either of two directions in which it may
stray; and where automatic correction must consider direction, scnse
or polarity of the error. Examples: automatic steering, direction find-
ing, guidance, process or machine control.

FORM “Y" — Two-Position, “Normal” Spring-Return Sensitive Re-
lay. Effectively, this is a plate circuit relay and multicircuit contactor
in one unit. It behaves like conventional sensitive relay but responds
only to current of proper polarity.

APPLICATIONS — Wherever a sensitive relay with up to 4PDT sub-
stantially rated contacts is needed.

FORM “Z" — Two-Position, Latching relay. In this form armature
motion and forces have characteristics like a strong spring toggle
mechanism. However, these are magnetic and not mechanical. They
derive from a powerful permanent magnet field which precludes wear,
resists shock, vibration, etc.

APPLICATIONS — For overcurrent, reverse current or over voltage pro-
tective circuits, memory circuits, and the like — in place of me-
chanical latch relays. Extreme reliability with

exceptionally long life.

CIRCUIT DESIGN SERVICE — To help you
select the right Sigma relay for your
particular guiding, control or “meas-
uring” function — we offer complete
cooperation. Write us today.

' S‘igma/l)nstruments,mc.
CMersactive RELAYS

62 CEYLON ST., BOSTON 21, MASS.
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Ask

‘for Sigma

Builetin 15,
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Use a Switch

Worthy of
Your Design

There is no
substitute for

MALLORY

Quality
Switches /

Mallory RS switches are designed to give you everything vou want—maximum
eflicient service, substantial construction, precision manufacture. Mallory
switches are constructed with cam and ball type index assembly, or with positive
indexing hill-and-valley double roller type index assembly. Note these many
features of the Mallory RS series which make their dependability and quality

known wherever switches are used. These advantages are ol extreme importance

in television and high-frequency applications where stability is essential.

ENGINEERING DATA SHEETS

Send for the Mallory Engineer-
ing Data Sheets on the RS
series. They contain complete
plated to insure long life at low contact resistance. specifications for available eir-

cuit combinations with respec-
tive terminal locations, dimen-
sional drawings — everything

e Insulation of high-grade, low-loss laminated phenolic.

e Terminals and contacts of special Mallory spring alloy, heavily silver-

¢ Terminals held secuvely by exclusive Mallory two-point fastening—

heavy staples prevent loosening or twisting. the engineer needs.
e Double wiping action on contacts with an inherent flexing feature— SPECIFICATION SHEETS

insures good electrical contact with the rotor shoes throughout rotation. Sorailicari 8 altnte o Ll BS

switches have also been pre-

¢ Six rolor supports on the stator—insure accurate alignment. pared. These sheets are printed
X , i . on thin paper to permit

e Brass rotor shoes, heavily silver-plated—insure low contact resistance. blueprinting. The sectional
J . drawingsindicate standard and

e All shoes held flat and securely to phenolic rotor by rivets—prevents optional dimensions—make it

easy for you to order pro-
duction samples built 10 your
requirements.

stubbing—insures smooth rotation—minimum of noise in eritical circuits.

The Mallory RS series consists of RS-30, RS-40, RS-50, RSA-50, and RSA-60.

Precision Electronic Parts—Switches, Controls, Resistors

T SERVING INDUSTRY WITH
P.R.MALLORY & CO. Inc. Capacitors Rectifiers
Contacts Switches
Controls Vibrators

Power Supplies

Resistance Welding Materials

P. R. MALLORY & CO., Inc., INDIANAPOLIS 6, INDIANA
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ELECTRONICS... DONALD G.

FINK....Editor... FEBRUARY., 1949

CROSS

»10INCH . . . Several publications, including
ELECTRONICS, have commented recently on the size of
the television picture which can be accommodated on
a 10-inch picture tube. Simple geometry proves
that the largest image of 4-by-3 aspect ratio that can
be placed within a 10-inch circle without cutting
the corners covers 48 square inches. Further, such
an image is the only one which takes full advantage
of the screen size without wasting any of the trans-
mitted information. Rounding the corners is routine
practice in all but projection receivers. It permits
a larger picture with little loss of the picture area.
The most common practice produces a 52-square-
inch image.

The trend in recent months has been to use more
and more of the tube face, at the expense of cutting
off more of the corners. One practice is to make
the left and right edges of the scanning pattern just
tangent to the edge of the tube; the most extreme is
to make the top and bottom edges of the scanned
rectangle touch the top and bottom edges of the
tube face. The latter approach filis the entire face
of the tube and achieves a picture area of something
over 80 square inches on a 10-inch tube.

The choice between these pictures will, in the
last analysis, be made by the public, and is perhaps
not the eoncern of the engineer. But one result of
corner cutting is of great importance to the economy
of the television system. In receivers which use
the full face of the tube, assuming no scanning dis-
tortion, about 40 percent of the image picked up by
the television camera is not visible to the audience.
1f. as a result, the producers of programs take care
not to occupy that invisible region with program
material, the channel space occupied in scanning the
unused area is then purely wasted. Since spectrum
economy is one of the principal problems in tele-
vision today, it would appear that coordination

ELECTRONICS — February, 1949

TALK

among receiver manufacturers is needed to decide
the best balance between the purely rectangular and
the purely circular form. SQuch coordination is
forced on the broadcasters by the FCC: it is rightly
voluntary on the part of the set makers. But it is
equally pssential to the public interest in either case.

»JIM . . . Our new assistant editor, James D.
Fahnestock, whose name appears on the masthead
for the first time this month, graduated from Purdue
in electrical engineering last August. Like many a
recent graduate, Jim's college career was inter-
rupted by a tour of duty in the Army, from 1943 to
1946. His military career started with radar and
radio maintenance. But the snafu got him and he
was transferred to the infantry as a rifleman and
fought in the Battle of the Bulge. Later he was
personnel sergeant major of the Second Armored
Division headquarters. Now, his degree in his
pocket, he’s back at radio and radar, with a dash of
industrial electronics for flavor. Jim is an active
ham, has just finished wiring a 30-tube television
chassis. As for rifles, he’s forgotten the whole
thing.

» F-M vs A-M ... On p 84 of this issue is published
the first part of an experimental study of the rela-
tive merits of narrow-band f-m and a-m for naval
communications. This is a “hot” subject, one on
which we sought competent outside advice before
publication. The advice was to publish the article
and invite comment, which is hereby solicited. We
feel everyone concerned with narrow-band f-m, or
with any kind of f-m outside the field of broadcast-
ing, will find this article high on his “must read”
list. We realize that feelings may run high, and
we stand ready to air both sides of the argument.
Count ten and then write or telephone.

IAl
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YNCHRONIZATION of

Bridged dipole antenna, having 20-to-1
front-to-back ratio, used to pick up Wash-
ington station at Princeton, N. J. Obliquely
attached rods broaden the antenna, make
it suitable for use on all vhf channels

T THE ENGINEERING CONFERENCE
held before the FCC in De-
cember, R. D. Kell of the RCA
Laboratories at Princeton, N. J.
described for the first time his sys-
tem of synchronizing television sta-
tions. This system promises to re-
duce materially severe inter-station
interference which led to the cur-
rent freeze on applications for tele-
vision station permits.

The system controls the phase of
the carrier of a television station so
that it follows accurately any
changes in the phase of another sta-
tion operating on the same channel.
The carrier beat between the two
stations is thus reduced to zerc fre-
quency, and the troublesome hori-
zontal black-and-white bars (“vene-
tian blind” interference) noticed at
the fringes of the service areas are
il removed. The picture scanning-
rates of the stations need not be
synchronized, since interference be-
tween the picture content of the
two signals is some 15 to 20 db less

SIGNAL FROM . . .

S{S{ngL ‘E‘ZM \G Ao noticeable than the carrier-beat in-
A terference.
' L .
__________ __J Two syschronized stations oper-
voLTage -~ ¢ ating on the same channel may give
ANCELL AT/ . .

WNBT NEW YORK RigiE ConnecTion™ R-F interference-free service when sep-

AMPLIFIER (See fext ) AMPLIFIER : N
arated by approximately 150 miles,
) ¥ according to Mr. Kell’s testimony,
MIXER OS(%IIO.EIZ%OR MIXER whereas a spacing of about 230
REACTANCE -TUBE - miles would be required for the
oM RLLED Y Y same grade of service if synchroni-
I1-F I-F i 3 =
Ty MBI e zation were not used.. The ad'va.nt
age of the system in permitting
| ) more stations to occupy the.con-
1,000-CPS F-M PHASE gested channels of the vhf band is

/ DETECTOR OETECTOR 3 .
I obvious, so much so that the Joint
P RAGOUNET ED Technical Adv1sqry Committee
PHONE LINE o'é%?&fng (JTAC), commenting on the sys-

F a
PRINGETON T tem at the conference, advised the
— e ————— B . . .

1,000-CPS ¢ A f FCC against proceeding with any

allocation whic luded the use
Block diagram of synchronization system as applied to NBC stations in New York and ocatio W. h prec. uded th 5
Washington of synchronized carriers.

72 February, 1949 — ELECTRONICS

wwWwW americanradiohistorv: com


www.americanradiohistory.com

TELEVISION STATIONS

System developed by R. D. Kell holds r-f carriers of interfering stations in rigid phase

relationship to eliminate ‘“‘venetian blind” interference, thus permitting closer geo-

graphical spacing of stations and easing congestion of video spectrum

Development work on the syn-
chronization system was begun
shortly after the FCC announced
that no further action would be
taken on the 310 applications for
television station construction per-
mits then pending until the problem
of interference had been explored.
The cause of this action was the
fact that, as some new television
station took the air, viewers in
fringe areas which previously had
had some degree of service on a
particular channel found that the
new station caused such interfer-
ence that the channel became virtu-
ally useless.

Cause of Interference

The interference was caused by
tropospheric propagation of the in-
terfering signal. At times the in-
terference became so severe that
service radius of one station was
reduced to 20 miles when the inter-
fering station was 150 miles away
(the minimum separation specified
in the allocation at that time). One
possible remedy was to put the sta-
tions further apart, say 250 miles,
but the additional separation would
require that many stations be
eliminated from the allocation plan.

Synchronization Approach

When two carriers that are not
synchronized come closer in fre-
quency, the number of interference
bars decreases until the carrier beat
reaches 60 cps (the field-scanning
frequency). At this frequency, one
white and one black bar appear.
As the beat frequency falls below 60
cps, the bars disappear, but the
brightness of the picture varies as
a whole at a rate equal to the beat
frequency. The flicker becomes
more evident and annoying as the

ELECTRONICS — February, 1949

beat frequency approaches zero.
But when the two carriers are
locked in a rigid phase relation-
ship, the flicker disappears.

There is, of course, a residual
amount of interference due to the
presence of the interfering picture-
content. The.residual interference
resides principally in the sync
pulses and blanking pedestals of
the interfering video waveform,
since these are the parts of the
video wave causing the heaviest
degree of modulation. Since the
distances from the receiver to the
two stations are not in general the
same, the interfering blanking bar
generally is visible somewhere
within the frame of the desired
picture. Consequently, when the
carriers are synchronized and the
carrier-beat interference removed,
the residual interference from the
blanking bar becomes visible as the
strength of the interfering signal
is increased. The level of interfer-
ing signal at which the residual
interference becomes visible de-
pends on the depth of modulation
of the interfering wave, that is, the
residual interference is worse when
the picture has a predominantly
white background.

The extent to which residual in-
terference is visible depends on the
actual phase relationship of the two
carriers at the receiving antenna.
If the two waves are in quadrature
(out of phase by 90 degrees) the
residual interference is a minimum,
but if the waves are in phase or
180 degrees out of phase, the resid-
ual effett is most noticeable. Mr.
Kell reported to the FCC that, in
the 90-degree case, carrier synchro-
nization produces an improvement
equal to approximately 30 times.
That is, the interfering signal volt-
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age can be increased 30 times be-
fore the residual effects become as
annoying as the carrier-beat bars
would be in the absence of synchro-
nization. The average improvement
incurred over all possible phase con-
ditiong was estimated at from 5 to
10 times in voltage.

Apparatus Used

The apparatus used in Princeton
consists essentially of two narrow-
band (100-kc bandwidth) receivers
tuned to the picture carrier on
channel 4. One receiver is con-
nected to a dipole and single re-
flector oriented to receive signals
from station WNBT, in New York,
about 45 miles distant. The other
receiver is connected to an elabor-
ate bridged-dipole antenna, having
a front-to-back ratio of 20 times in
voltage, oriented to receive station
WNBW in Washington, about 180
miles away. This second antenna
also has some slight pickup of the
New York signal, which is cancelled
by feeding to it a portion of the
voltage developed on the first
antenna in proper amplitude and
phase. This cancellation system
would not be necessary if the re-
ceiver were located more nearly
midway between the two stations.

The two receivers have a common
local oscillator, so the relative phase
relationship of the two signals is
preserved throughout the two re-
ceivers to the outputs, which are
combined in a phase detector. This
detector develops a direct voltage
proportional to the phase difference
in the two carriers. The direct
voltage is used to modulate a 1,000-
cps f-m generator. The resulting
f-m signal, varying over the range
from 700 to 1,300 cps, is trans-
mitted over an ordinary class-C
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telephone program-circuit to the
New York station. Frequency mod-
ulation is used in the control signal
so that variations in the gain of the
telephone circuit do not affect the
control.

At New Yerk the f-m signal is
applied to a 1,000-cps f-m detector
which reconverts the f-m signal to
a direct voltage proportional to the
direct voltage produced by the
phase detector in Princeton. This
direct voltage is applied to a re-
actance tube which 1is connected
across the crystal control of the
WNBT picture transmitter. The
phase of the WNBT signal is thus
shifted until it arrives at a fixed
90-degree relationship with the
WNBW signal, as measured at the
phase detector in the receiver out-
puts. Any variation in phase oc-
curring in the Washington signal
thus acts to control the phase of
the WNBT transmitter continu-
ously and automatically.

Phase Relationships

The system maintains the rela-
tive phase of the two signals fixed
at 90 degrees at the phase detector,
in this case at Princeton. But else-
where in the service area, the phase
between the signals varies from
point to point. There is, in effect,
a standing-wave pattern created by
the two signals traveling in
opposite directions much like that
caused by a reflected wave in a
transmission line.

As in the transmission line, the
standing-wave pattern changes from
phase addition to phase opposition
in a distance of a quarter wave-

length, which varies from about 50
inches (channel 2) to 13 inches
(channel 13). These distances ap-
ply at locations directly between
the two stations; elsewhere the dis-
tances increase. In any event, as
the location of the receiving
antenna is moved, assuming the
transmitter antenna positions are
fixed, the extent of the residual in-
terference varies from the mini-
mum condition (90 degrees) to the
maximum (0 or 180 degrees).
Within the service area of the de-
sired station this variation is not
pronounced, but it becomes progres-
sively more so at locations more
nearly midway between the sta-
tions.

The effect is one which might be-
come evident in the form of occas-
ional appearance of residual inter-
ference if either the receiving an-
tenna or transmitting radiator were
in motion (due to tower sway, etc)
or if rapid variations in the delay
of transmission through the tropo-
sphere occurred in either transmis-
sion path. Neither effect has been
noticed to any extent in the obser-
vations thus far made, and in any
event such variations would change
the level of the residual interfer-
ence only slightly within the de-
sired service area. Further ex-
perimentation is under way to eval-
uate the average degradation of

service caused by such phase
changes.
System Engineering
Thus far the synchronization

system has been applied only to
two stations. A full realization of

Demonstration setup at Princeton viewed by JTAC and FCC groups. The rack at center
contains the two receivers and synchronization circuits
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its advantages is possible only if all
stations operating on the same
channel, and located in adjacent
interference areas, are synchro-
nized as a group.

One possible arrangement is to
synchronize the stations in chain
fashion, one station taking its com-
trol from one direction and passing
the control to the next station in
the opposite direction. There ap-
pears to be no fundamental diffi-
culty in setting up such an arrange-
ment. The cumulative effects of
errors in synchronization along the
chain should not prove troublesome.
In the event of complete failure of
the synchronization equipment at
one station the other stations in the
chain would continue to operate as
two separate groups and the loss of
synchronization would affect only
the area within 150 miles of the
point of failure.

An additional system-engineer-
ing aspect not yet fully explored is
the effect of three or more synchro-
nized signals in the same area, as
might occur within a triangle
bounded by three stations on the
same channel. Mr. Kell reported
that a third interference signal has
in fact been noted at Princeton
from WBZ-TV in Boston when
WNBT and WNBW are synchro-
nized. The additional signal did
not affect adversely the operation
of the receivers and the synchroni-
zation circuits.

The theoretical aspects of the
synchronization system had not
been thoroughly worked out at the
time of the presentation to the
FCC. The effect of the ratio of the
carrier amplitude to the amplitudes
of the sideband components, and
the effect of percentage modulation
on that ratio, were discussed briefly
in the JTAC report to the confer-
ence. But these and other im-
portant questions, such as the de-
modulation of a weak signal by a
strong one in the presence of cer-
tain detector chatracteristics, and
the effect of the phase difference on
the residual interference as a fune-
tion of the strength of the under-
sized signal, had not been studied
in detail.

It was understood that Mr. Kell
will present a full account of the
development in March at the IRE
Annual Convention.—D.G.F.

February, 1949 — ELECTRONICS


www.americanradiohistory.com

Apdromeda Nebula, a source of galactic noise. as taken with the Jewett-Schmidt telescope at Harvard Observatory’s
Oak Ridge Staticn (courtesy Donald Menzel). Our own galaxy is thought to be similarly shaped

RADIO ASTRONOMY

Highly directional radio systems permit monitoring of uhi radiation from specific points

on the sun and in interstellar space. Results show promising correlation between solar

noise and radio communication, while galactic noise measurements provide a new tool

cover of this issue of ELEC-
TRONICS is that of a radio telescope
being built by Cornell University,
with the assistance of the Office of
Naval Research, for research in
radio astronomy.

This new branch of science was
opened to investigation in 1931"
when rasdio static of extra-terres-
trial origin was observed coming
from the center of our own galaxy
in the constellation of Sagittarius
in the Milky Way. Observations
were made on a frequency of 20 me

THE PHOTOGRAPH on the front
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for astronomers

By CHAS. R. BURROWS

Director, School of Electrical Engineeriny
Cornell University, Ithaca, New York

during measurements of the direc-
tion of arrival of atmospheric static,
one of the limiting factors in long-
distance radio communication.

In spite of the obviously im-
portant practical application of the
knowledge of intensity and distri-
bution of galactic noise no further
investigations were carried out on
the interfering effect of this new

wvw-americanradiohistorvy com

type of noise until after World War
II, when the Bureau of Standards
undertook a systematic investiga-
tion of the time-frequency distribu-
tion of galactic noise and its limit-
ing effect on communication by
radio waves.

In the meantime another experi-
menter® built equipment with which
he measured the relative intensity
of galactic noise as a function of
direction on a frequency of 160 mc.
More recently® similar measure-
ments have been made at 64 me,
with carefully calibrated equipment
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that made possible and worthwhile
the laborious task of solving the
integral equation for the absolute
intensity of galactic noise as a fune-
tion of direction. The equipment
under construction at Cornell is de-
signed to facilitate this reduction
to absolute values.

Interpretation of Measurements

While galactic noise was ob-
served first, it is the observation of
enhanced solar noise that promises
to be of greater help in improving
long-distance radio communication.
Since the determination of the abso-
lute value of measurements of solar
noise is somewhat simpler, let us
consider it first.

The power (rate of flow of elec-
tromagnetie energy) incident upon
the earth’s surface from an outside
source such as the sun is propor-
tional to the projection of the re-
ceiving area on the plane normal to
the direction of energy flow, the
solid angle subtended by the source
and the frequency interval. This
proportionality factor, which in
general is a function of the direc-
tion of arrival, position of the re-
ceiver, polarization, frequency and
time, is called the specific intensity,
and is measured in watts per square
meter per steradian per cycle per
second.

dP = 1Y, ¢, 2, v, 2, p, », t)cos A do

sin © dOd¢ d v 1)
where dP is incident power, I is
specific intensity in watts per sq
meter per steradian per cycle per
sec, cos O ds is projected area, sin

SIGNIFICANCE

For radio engineers: more accurate
predictions of optimum operating fre-
quencies, since activity on the sun affects
the tonosphere.

For astronomers: ¢ more accurate
means of measuring the plane of our
galaxy and making heretofore impossible
measurements contributing to knowledge
of the universe,

For meteorologists: o means of
monitoring the complete thickness of the
earth’s atmosphere, in contrast to sound-
ing measurements that go only to the
height of maximum ion density.
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FIG. 1—Solar spectrum, with heavy solid curve showing optical window to sun
through earth’s atmosphere and heavy dashed line showing newly utilized radio

window.

Light lines show specific intensity that would be radiated by a black

body of temperature T,

© do d¢ is solid angle, and dv is
frequency interval. The radio tele-
scope measures the integral of this

P = ABS1,®,¢)F (6 |¢)sin0d0d ¢ (2)
Here the projected area is replaced
by the equivalent area A of the
antenna multiplied by a directivity
function, F' (8, ¢), which in gen-
eral is more complicated than the
cosine of the angle which applies
at optical frequencies.

Integrating over the frequency
interval gives the bandwidth B
which may be taken outside the
integral sign. The specific intensity
multiplied by the directivity char-
acteristic of the antenna must still
be integrated over the solid angle.
For a uniform source that subtends
an angle which is small compared
with the acceptance cone of the
antenna, this integration gives

W, = f1.0,6)F (0 ¢)sin0d6d e

I, 7w R?/r (3)
Here = R* is the area of the source
at a distance ». For the sun this is
numerically

W, = 6.795 X 105 1, (1)

With this introduction let us con-
sider the solar intensity received at
the earth’s surface throughout the
frequency range in which measure-
ments have been made.

Spectrum of the Sun

FFigure 1 shows the frequency
range at which measurements have
been made at the earth’s surface.

At the frequencies of the visible
spectrum, the sun radiates energy
as if it were a black body at a
temperature of 6,000 degrees abso-
lute. In the near infrared, the ap-
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parent temperature of the sun is
about 7,000 degrees absolute, but
the energy received at the earth’s
surface is very much reduced by
absorption bands in the earth’s at-
mosphere of methane, carbon diox-
ide and water vapor. Further
toward the infrared the absorption
due to water vapor is sufficient to
almost completely absorb the sun’s
rays before they reach the earth’s
surface. On the ultraviolet side of
the visible spectrum the apparent
temperature of the sun is somewhat
less than in the visible frequency
range because of absorption in the
solar atmosphere.

In all, there is a frequency range
of approximately two decades in
and on either side of the visible
frequencies at which measurements
can be made of electromagnetic
radiation from the sun at the
earth’s surface. On the low-fre-
quency side of this window in the
earth’s atmosphere there is a fre-
quency interval of approximately
two and one-half decades in which
the absorption from atmospheric
gases is practically complete,

There is another window in the
earth’s atmosphere beginning at a
frequency of about 3 x 10 cycles
per second (wavelength of one cen-
timeter) and extending toward the
lower frequencies to the region
where the earth is shielded from
extra-terrestrial radiation by its
own ionosphere. This window ex-
tends over a frequency range of
about three and one-half decades.
Accordingly, radio astronomy en-
jovs a wider window in the fre-
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The records in Fig. 2 of the time.
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of commencement of a solar burst
on 200, 100, and 60 mc show the
disturbance reaching the earth first
on the higher frequencies and then

on the lower frequencies in order.

This time sequence is in accordance
with Martyn’s theory for explain-
ing the apparent temperature of

&

the quiet sun in the radio-fre-
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FIG. 2—Time sequence of a solar noise burst on three different frequencies, showing
that such noise occurs first on the highest frequency. Time delay is that required
for disturbance to propagate within solar atmosphere to height from which it may

be radiated into space

quency spectrum than has been
available to astronomers heretofore.

In the microwave region the ap-
parent temperature of the sun is
only slightly more than in the vis-
ible frequency range and is sub-
stantially independent of time, but
in the meter wavelength range the
radiation from the sun is variable
and considerably greater than
would be radiated by a black body
at a temperature of 6,000 degrees
absolute. This minimum radiation,
called quiet sun, corresponds to an
apparent temperature of approxi-
mately 1,000,000 degrees. This is
not as startling as it appears, since
spectrographic measurements 'in
the visible and ultraviolet fre-
quency range indicate that the
temperature of the solar corona is
of the order of 1,000,000 degrees.

In the microwave region the solar
ionosphere appears transparent, so
that the radiation from the lower
regions of the sun is transmitted di-
rectly to the earth. At the longer
wavelengths the radiation appears
to come from a point in the solar
ionosphere at which incoming radia-
tion at this wavelength would be
almost completely absorbed. As
the wavelength is increased, this
point goes to higher levels in the
solar corona and accordingly to
higher apparent temperatures. This
theory has been worked out in some
detail,* and numerical agreement
with experimental data has been
obtained.

In addition to this radiation from
the quiet sun, which may be
thought of as a temperature radia-
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tion from an equivalent black body,
there are bursts of solar noise hav-
ing from one thousand to ten
thousand times the radiation from
the quiet sun in the meter wave-
length region. Sometimes these
bursts of solar noise have been ob-
served to occur at approximately
the same time at different frequen-
cies, in a time order that is sugges-
tive of a disturbance that origi-
nates in the lower regions of the
solar atmosphere and is propagated
outwards with a velocity reasonable
for material particles.

205 me. Figure 3A shows enhanced
solar noise, which is characterized
by a general increase in level and
rapid fluctuations. Figure 3B illus-
trates the quiet sun with an occas-
ional large burst superimposed.
Figure 3C illustrates the solar noise
from a quiet sun.

Radio Communication Aspects

From solar noise measurements
it is hoped that we will learn more
about the sun and how it affects
radio-wave propagation. Radiation
from the sun provides the ionizing
energy for the formation of the
ionosphere which makes long-dis-
tance radio communication possible.
It has been known for a long time
that there is a good correlation be-
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FIG. 3—Simple records of solar noise as obtained at Cornell Radio Observatory.
Periodic minimums are reference levels produced by a dummy load. Ordinates are
scaled in db above quiet sun
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tween solar activity and variations
in radio-wave propagation condi-
tions. Sunspots, faculae, flocculi,
magnetic storms, auroras, earth
currents, and radio-wave propaga-
tion are all related.

Measurements of enhanced solar
noise have already shown that there
is an intimate relation between
it and sunspots. Interferometer
measurements® made of enhanced
solar noise at a time when there
was a single large sunspot group
showed that the enhanced solar
noise came from the same part of
the sun in which the sunspots were
located. Other measurements’ on
this type of solar noise have shown
it to have a component that is cir-
cularly polarized, just as would be
expected if it were caused by elec-
trons moving in the magnetic field
of the sunspot.

Noise measurements during a
solar eclipse® showed good correla-
tion between the intensity of en-
hanced solar noise and the area of
prominences and flocculi. During
totality of the visual eclipse the
solar noise was reduced to only 0.4
of its uneclipsed value, indicating
radiation from the uneclipsed
prominences. These prominences
increased the effective diameter of
the sun at 200 mec to 1.35 times its
optical diameter.

Besides providing us with a new
means of observing solar phenom-
ena, the solar noise is in fact a
measurement of radio-wave propa-
gation through the earth’s atmos-
phere.

This, then, gives us a means of
measuring the propagation of a
radio wave that has transversed the
entire ionosphere instead of one
that goes only to the height of
maximum ion density and back, as
with the usual ionospheric sound-
ing measurements. Accordingly
solar-noise experiments shed light
on the earth’s atmosphere.

Astronomy Aspects

The contribution of radio astron-
omy to the knowledge of our galaxy
may be even greater than to knowl-
edge of the sun. Our galaxy is
thought to be a flat disc-shaped
group of stars somewhat similar in
shape to the Andromeda Nebula.
Our sun is situated near the edge
of this disc, roughly one-third of
the distance to the center. Esti-
mations of the mass of the galaxy
require corrections for the absorp-
tion of light by interstellar matter.
In fact there is some doubt that we
can observe the center of the galaxy
at optical frequencies because of
this absorption.

The absorption that predominates

at optical frequencies decreases
rapidly with frequency and should
be negligible at radio frequencies.
This makes possible more accurate
determination of the plane of the
galaxy by measurements of the in-
tensity of galactic noise as a funec-
tion of direction.

Galactic Noise

Contours of equal galactic noise
intensity can be plotted on galactic
coordinates. The abscissa gives the
angle around the plane of the Milky
Way and the ordinate gives the an-
gle above and below this plane.

Directional measurements indi-
cate that the maximum radiation is
received in approximately the plane
of the Milky Way.>*® In this plane
the maximum radiation comes from
a galactic longitude of approxi-
mately 330 degrees. This is in the
direction of the center of our own
galaxy in the constellation Sagit-
tarius. There is a secondary maxi-
mum at galactic longitude 45 de-
grees in the constellation Cygnus.
This maximum is not as well devel-
oped at 160 mc as at 480 mc, pre-
sumably due to the decreased direc-
tivity of the antenna.

One phenomenon that has been
observed in radio astronomy is the
existence of intense apparent point
sources. These have been plotted
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these points with optical telescopes
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4-—Locations of observed point sources of intense galactic noise. So far nothing identifiable with the noise has been seen at
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in Fig. 4. By using an interferom-
eter technique, it has been deter-
mined that the diameter of these
sources is certainly not more than
eight minutes of the are, but even
for a source of this size the specific
intensity is many times that re-
ceived from our own sun. In spite
of the large intensity of these ap-
parent sources, nothing that can be
identified with them has been ob-
served with optical telescopes even
though a search has been made in
photographic plates taken both in
the visible and in the infrared.

Point Sources of Noise

The first point source was ob-
served in the constellation Cygnus."”
The more exact location of this
point source was determined by an
interferometer method™”, in which
it was also possible to determine an
upper limit to the size of the source.

One interesting property of this
point source is that its intensity
varies with time. Measurements of
signals from Cygnus have been
made on 60, 85, 100, 150 and 200
mc by various experimenters. The
amplitude of the variations de-
creases with increasing frequencies
and generally becomes undetectable
at 200 mec, though on three succes-
sive nights starting Oct. 18, 1948
appreciable variation was observed
at 200 mc, as shown in Fig. 5. This
point in the sky has been under ob-
servation at a frequency of 205 me,
with signals substantially constant.

The variability of the point
source in Cygnus has been estab-
lished beyond doubt® by making in-
terferometer measurements at a
frequency of 175 me, using anten-
nas directed at a high angle where
the effects of the earth’s atmos-
phere are at a minimum. Using the
same equipment, it was found that
signals from the source in Cassi-
opeia were steady while those from
Cygnus were variable. Polariza-
tion from Cygnus is random rather
than circular polarized, as would be
expected if it were caused by the
same phenomena that produce the
enhanced solar noise.

Possible Explanations

Many hypotheses have been put
forth to explain the origin of galac-
tie noise, but none can explain the
observed phenomena. It may be
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FIG. 5—Variations in noise radiation from
general direction of Cygnus on 200 mc as
observed by C. L. Seeger and W. E, Gordon
on three consecutive days. Only portions
of the records for the indicated time inter-
vals are shown

that more than one of these mecha-
nisms combine to produce these
phenomena. It may be that galactic
noise is caused by a process still
unknown to astrophysicists.

One hypothesis is that free elec-
trons in interstellar space may be
radiating as classical oscillators.
Another hypothesis is that radia-
tion is caused by the free-free tran-
sitions of the electrons in the field
of a proton. This is the radiation
that takes place when an electron
approaches a hydrogen nucleus in
a parabolic orbit. A more accurate
determination of the specific in-
tensity of galactic noise as a func-
tion of frequency would help to
determine which of these hypothe-

wwWweEamericantadiohistory com

ses, if either, is correct.

A third hypothesis is that galac-
tic noise is caused by the scattering
of radiation from type-B stars by
electrons in interstellar space. Since
this process would result in a pre-
ferred direction of polarization,
measurements of the polarization
of galactic noise will shed light on
the correctness of this hypothesis.

Still another hypothesis is that
noise is caused by enhanced radia-
tion from stars, similar tp enhanced
solar noise. Here again measure-
ments of the polarization of ga-
lactic noise will be valuable in the
interpretation of the data. It has
been suggested®™ that there may be
enhanced radiation at a frequency
of approximately 1,418 me, which is
one of the lines in the hyperfine
structure of hydrogen.

There are many questions about
both our sun and galaxy that can
be answered by the new field of
radio astronomy. This branch of
science is now at about the point
where astronomy was when Galileo
invented the optical telescope.
Scientists in this new field are just
asking themselves the pertinent
questions that will be answered in
the years to come.
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Photoelectric Control of

Photoelectric sensing unit on 15-kw electric furnace.
is checking temperature with optical pyrometer through pesp-
hole. Phototube views flame in 45-degree mirror

By F. C. ToDD

Assistant Supervisor
Industrial Physics Division
Battelle Memorial Institute

Columbus, Ohio

OR MEASUREMENTS of the prop-
Ferties of materials; and for
some production problems, it has
been necessary to' employ high
temperatures which are held con-
stant to within 1 or 2 percent. This
can only be accomplished with auto-
matic control of the electric furnace
or of the power dissipated in a re-
sistance-heated specimen. The temp-
erature range of interest extends
from 1,800 to 5,000 F, or from 1,200
to 8,100 Kelvin.

The function of a control for this
application is to hold the tempera-
ture constant for a period of time
at a value that has been selected
with an optical pyrometer. The con-
trol performs three functions. It
measures the temperature with an
energy-sensitive element, converts
and amplifies the indication into a

This paper was presented at the 1948

National Electronics Conference in Chi-
cago.
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Operator

variable potential or pulse, and em-
ploys the amplified signal to vary
the primary heating current. Each
of these functions will be consid-
ered separately here.

Temperature-Sensitive Element

Representative temperature-sen-
sitive elements are listed in Table I
in the approximate order of de-
creasing time of response to a
change in temperature.

The amplitude of the signal from
each of these devices can be ex-
pressed, for a short range of tem-
peratures, as a power n of the abso-
lute temperature. It is important
to investigate the value of n. for it
determines the stability required in
the amplifier for operation at that
temperature. As an illustration, if
the temperature changes by one
percent, the signal will change by
(1.01)", or approximately by n per-
cent. If the control changes the
temperature by an amount that is
proportional to the signal, a drift of
n percent in the amplified signal
must not change the temperature
by more than one percent. A drift

WWW.americanradiohistorv.com
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Installation of power thyratrons for control of 50 kilowatts of
power to resistance-heated specimen whose temperature is
being controlled by circuit like that in Fig. §

of n percent in the amplifier may
therefore be tolerated.

The second column in Table I
indicates the approximate range of
values of n for the average element
at temperatures of 1,200 K and
higher. The last column indicates
the amplifier stability required to
hold the temperature constant to
one percent.

The response of a 919 vacuum
phototube to a tungsten filament in
a clear bulb is shown in Fig. 1. The
value of » varies from 13.4 to 11.3
over the temperature range that
was investigated. This is in fairly
good agreement with the response
reported for barrier-layer cells?, in
which the value of » is reported to
be constant over this same temper-
ature range and equal to 12.45.

For the proposed temperature
range, vacuum phototubes offered
the most promise as sensing ele-
ments. Resistance thermometers
and attached thermocouples may
distort the heat flow or interfere
with tests on a specimen. There
are no reliable thermocouples for
the higher temperatures in this
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High-Temperature Furnaces

Temperatures up to 2,500 C can be held within 1 percent for days. Vacuum phototube

serves as sensing element feeding cascaded d-c bridge amplifiers or a-c bridge, followed

by amplifier that actuates on-off or continuous phase-shift thyratron control of furnace

range, and both of these indicators
require a reference standard that
will not be appreciably affected by
large changes in ambient tempera-
ture which occur near a large fur-
nace. The bolometer and radiation
thermocouple have a speed of re-
sponse that is of the order of a
second, which is too slow for some
specimens which are heated by
passing a current through them.

Vacuum phototubes and their as-
sociated resistors are quite stable,
and have calculable noise back-
ground for known ambient condi-
tions.? They are rapid in their re-
sponse and may be used with or
without an optical filter. The
greater response from the unfil-
tered phototube reduces the noise
level with respect to the signal and
requires less amplification so that
thi§ arrangement has. always been
employed.

One of the more serious objec-
tions to the phototube is the neces-
sity for a clean optical system. For
operators trained in the use of opti-

Table I—Comparison of Tem-
perature-Sensitive Elements
Above 1,200 K

Amplifier
Stability.
Description n  Percent
Resistance thermom-
eler <1 1
Bolometer >4 4
Radiation thermo-
couple >4 4
Contact thermo-
couple <1 1
Phototube, monochromatic
(calculated for
0.8 mu and 1,200
to 2,500K) 13to1 7
(measured with
green filter for
0.56 min and
2,100K) 11
Phototube, unfiltered 13 to 11 10
Voltmeter across load 0.5 to 0.8 0.5
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cal pyrometers, that is not a serious
handicap. The phototube must al-
ways view a surface with the same
optical characteristics. For speci-
mens in inert atmospheres, this in-
troduces no difficulty. With high
temperatures in air, the phototube
may view a thin target of stable
oxides such as alumina or beryllia.
This will be satisfactory unless
vapors are present that react with
the oxide surface or condense on it.
The intensity of radiated energy
incident on a phototube observing
a given area on a specimen or a
furnace wall through a fixed optical
system will vary as much as 1,000-
fold for the required temperature
range. Since the phototube and
associated amplifier cannot respond
with accuracy over such a large
change in intensity, an iris dia-
phragm is placed in the optical path
in the region that has the most uni-
form illumination, as in Fig. 2.

Amplifier Considerations

The d-c amplifier for the photo-
tube may be either the stable zero
type or the constant signal ampli-
fication type. In the first type, a
reference voltage is made approxi-
mately equal to the voltage output
of the phototube and the difference
voltage is amplified. This circuit
is as accurate as the zero of the
amplifier is stable.

In the second type of amplifier,
the iris diaphragm is adjusted to
admit approximately the same
amount of light to the phototube at
each control temperature, so that
the output voltage of the amplifier
is essentially the same for every
temperature to be controlled. The
stability here depends on having a
constant amplification factor and no
zerg-drift of the amplifier.

With either circuit, the required
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amplification is of the same order,
for the output must operate the
same on-off or phase-shift control
to vary the heating current.

With the difference-voltage amp-
lifier, the permissible zero drift is
measured in terms of the reference
potential, which is balanced against
the phototube signal. Quantita-
tively, the amplifier output voltage
drift e, the reference voltage e,

30

METER SCALE DEFLECTION

B0o0 ,800 2,200

2,000

BRIGHTNESS TEMPERATURE
'N DEGREES KELVIN'

2,400

FIG. 1—Response of vacuum phototube
with 8-1 surface to brightness tempera.
ture of a tungsten filament

CALIBRATED
IRIS
OIAPHRAGM

\/ PHOTOTUBE

FIG. 2—Method of using iris diaphragm
to control amount of radiation reaching
phototube. Diaphragm opening may be
calibrated roughly in terms of desired
range of temperature to be controlled
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and the amplification w are related
to the required amplifier stability
S, which was shown in Table I, by
the relation S = 100 e./u e, percent.

With the constant-voltage type of
amplifier, total drift e,, output sig-
nal e, and stability S are related by
S = 100 e,/e, percent.

The value of S in these equations
must remain less than 5 percent for
a temperature drift of about % per-
cent when a phototube is employed
as the temperature-sensitive ele-
ment.

Unless a light chopper is used,
the first stage of the amplifier must
be a stable-zero d-¢ amplifier. Bridge
amplifiers™ are satisfactory, for the
balance position of these amplifiers
is very stable when a few simple
precautions are employed. Over-
size resistors must be installed, in
positions where they are not af-
fected by heat from the other com-
ponents of the circuit. The unbal-
ance signal from the bridge ampli-
fier is, however, dependent on the
voltage applied to the bridge.

The remainder of the amplifier
may be of several types. Cascaded
bridge amplifiers are stable in the-
ory, but difficulties arise in the cas-
caded stages from the charging
current to the filament through the
filament transformers and from
other sources. A more satisfactory
solution is to employ a regulated a-c
voltage on the bridge-type amplifier.
The output of the bridge amplifier
will then consist of pulses that can
be amplified to any desired amount
by the more stable a-c amplifiers.
A feedback amplifier has proved
quite satisfactory. The oscillating
amplifier® with feedback at a differ-
ent  frequency appears to have
promise.

For furnaces and massive devices
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without large heat capacities, an
on-off control for 10 to 15 percent
of the heating current is sufficient
to control the temperature to 1 or 2
percent. For resistance-heated de-
vices with very rapid response and
for very accurate control of fur-
naces having large heat capacity, a
phase-shift control for the heating
current is desired.

The phase-shift control developed
by General Electric® has given ex-
cellent regulation. This control
varies the firing time of two thy-
ratrons which are connected in op-
posite directions across a resistance
in series with the load. The thy-
ratrons are fired in the same phase
position on the positive and nega-
tive half-cycles.

A modification of a recently
described 360-degree phase-shift
control’, shown in Fig. 8 with its
performance curve, appears to pro-
vide more efficient control. With
the 360-degree control, the thyra-
tron on the negative half-cycle con-
ducts for the entire half-cycle be-
fore the thyratron on the positive
half-cycle starts to conduet. A more
uniform current control is obtained
if the thyratron on the positive
half-cycle starts to conduect when
the negative thyratron is conduect-
ing for 120 degrees. As the phase
shift is continued to increase the
current, the thyratron on the nega-
tive half-cycle will conduct for 180
degrees when the thyratron on the
positive half-cycle conducts for 60
degrees.

To get data for the curve the
phase shift was measured and the
ampere-seconds of conducted cur-
rent were calculated. The phase
shift is not linear with the d-c con-
trol voltage, particularly at the
start and end of the phase shift,
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3—Circuit for varying phase shift over 360-degree range for temperature control, and performance curve

but there is a long usable range in
which the heating current is almost
proportional to the amplitude of
the d-c signal. A control with this
characteristic will have constant
temperature sensitivity over a
wider range of line-voltage fluctua-
tions or for a wider range of power
requirements.

Temperature Control for Furnace

A satisfactory control for a high-
temperature furnace is shown in
Fig. 4. The first stage of the ampli-
fier is the bridge circuit, which is
operated with regulated a-c plate
voltage from a Sola transformer.
The output of this stage is coupled
into a four-stage feedback ampli-
fier that can give much more than
the required amplification, but
this number of stages is employed
to increase the stability. The out-
put of the final stage is rectified,
filtered, and operates a 2050 thy-
ratron with a relay in the plate cir-
cuit. This relay controls a shunt
contactor that varies the heating
current to the furnace by about 10
percent. The furnace with which
the control is used operates over
the temperature range from 1,200
to 3,000 K and requires 2 maximum
power of the order of 15 kilowatts.
Zero drift and amplification are
sufficiently stable to limit the drift
in eight hours to 2 percent at all
temperatures from 1,200 to 3,000
K, which is excellent for an on-off
type of control.

Control for Rapid Response

The GE phase-shift circuit was
successfully employed in the ar-
rangement of Fig. 5 to control the
temperature of a specimen that is
heated directly by the passage of a
current through it. The specimen
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FIG. 4—Temperature control circuit for high-temperature electric furnace

has a thermal time constant esti-
mated to be less than % second. For
this control it was essential that the
time constants in the circuit be
minimized. Also, the control had
to operate over a continuous range
by phase shifting.

With the phase-shift circuit, it is
not essential to maintain linearity
of voltage amplification. It is more
important to increase the amplifica-
tion to the highest feasible amount.
Cascaded bridge amplifiers are em-
ployed for the first two stages. The
first bridge circuit, fed by a gas
phototube having an S-1 surface, is
operated on d-c for maximum gain.
The circuit is a little sensitive to
extraneous fields and care must be
employed to balance out the stray
capacitive coupling.

The circuit was required to shift
the phase of thyratrons on a 4,100-
volt Y-connected circuit with the
center of the Y grounded. Each
line was thus at a potential of 2,300
volts from ground. In order to
operate the thyratrons at this
potential above ground, an inter-
mediate thyratron circuit was em-
ploved. The phase is shifted on
2050 thyratrons and their plate cur-
rent is coupled to the grid resistors
in the high-voltage line by trans-
formers that have very small
primary-to-secondary capacitance.

The control with this circuit was
excellent. Over a period of three
hours, the temperature of the speci-
men varied by 7 degrees F as read
by an optical pyrometer. Since this
measurement of temperature is
more accurate than is usually ac-
cepted for an optical pyrometer,
the specimen temperature could not
have varied by more than a fraction
of this.

The control shown in Fig. 5 has
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FIG. 5—Temperature control using vacuum phototube as rapid-response sensing ele-
ment for monitoring temperature of specimen being heated directly by passage of
current through specimen

been applied to furnaces and resist-
ance-heated specimens for which
the phototube may view a surface
that does not change its optical
properties with temperature. This
includes furnaces with inert gases,
and open furnaces in which a thin
oxide surface may be viewed. It is
particularly adapted to measure-
ment of the physical and electrical
properties of semiconductors. In
one application, it was applied to
resistance welding of steel. The
surface was presumed to oxidize in
a reproducible manner, and the con-
trol was able to interrupt the heat-
ing current at a reproducible temp-
erature of the joint. This tempera-
ture was only a few degrees below
the melting point of the metal
Tests indicated this weld was more
reproducible than those made with-
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out as close a control of the temper-
ature.

The work on this project was
performed by the staff of the Elec-
tronics Group at Battelle Memorial
Institute. The furnace control was
constructed by E. N. Wyler and the
specimen control was constructed
by V. S. Buccicone and T. N. Hall.
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A-M and Narrow-Band F-M

THE investigation reported here
was undertaken at the Naval
Research Laboratory. It is the
latest of several studies made in
past years for guidance in choice of
modulation type. Every effort was
made during its course to insure
as thorough and careful a compari-
son of two basic methods of modu-
lating a radio wave as could be
devised.

An ideal fundamental compari-
son of relative a-m and f-m per-
formance might be made with equal
spectrum occupancy and equal radi-
ated power at maximum modula-
tion as basic conditions. The inves-
tigation herein reported, however,
was conducted with some departure
from this ideal. Practical consider-
ations dictated use of a frequency-
deviation which resulted in greater
spectrum occupaney by the f-m sig-
nal than by the a-m signal, and it
was found more feasible in both the
experimental and theoretical phases
of the problem to make the unmodu-
lated rather than the modulated
power output of the two transmit-
ters equal.

Any valid operational comparison
must be based on identical equip-
ment for both modulation systems,
or on equipment with known, ac-
countable differences. The compar-
ison trials described in this paper
were made with transmitters and
receivers which were identical ex-
cept for essential differences in the
modulator and demodulator ele-

NOTE

The editors of ELECTRONICS con-
sider themselves privileged to present,
in two parts, this complete report of
a long-term study.

The reader should note that the prob-
lems of naval mobile service, and
the equipment specifications peculiar
to its needs, may militate against the
use of frequency modulation. Thus the
thinking upon which this study is
based does not necessarily carry over
into land mobile communications nor,
as the author himself points out, does
it have any bearing whotsoever upon
f-m broadcast practice
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distortion of a-m and f-m circuits

Part I

By EMERICK TOTH

Naval Research Laboratory
Washington, D Y
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FIG. 2—Simplified block diagrams of transmitter equipment

ments, and with identical antenna
installations. In addition to labora-
tory and field operational trials, a
mathematical study of comparative
a-m/f-m performance was under-
taken with the intent of determin-
ing the applicable theoretical limits,
particularly in the weak-signal re-
gion into which then available theo-
retical treatments did not appear
to extend.

Examination of all available
records of other a-m /f-m compari-
son trials and investigations has
indicated one common shortcoming.
In general, the published data on
equipment characteristics and oper-
ating conditions has been too
meager to permit any sound judg-
ment by the reader as to the valid-
ity of the tests and the conclusions
derived therefrom. The following
information concerning operational
conditions, equipment character-
istics, and data taken is therefore
included as a guide to independent
judgment and to anticipate some
of the inevitable questions.

Operational Conditions

The receiver bandwidth of a radio
communication system prior to the
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final detector is usually determined
by the spectrum occupancy of the
radiated signal plus the combined
frequency stability of transmitter
and receiver. In the case of the
equipment chosen for this investi-
gation, this bandwidth was 125 ke
at —6 db, a figure determined
mainly by the frequency-stability
consideration. The increased spec-
trum occupancy. of an f-m signal
with a modulation index (m,) of
more than 1 could therefore be tol-
erated, provided that it did not ex-
ceed a value of about =10 ke. A
figure for m, of about 2.3 was
adopted, based on a nominal top
modulation frequency of 3,000 cps.
This choice resulted in a maximum
frequency-deviation value of +7 ke,
as compared to a maximum a-m
spectrum of =3 ke. Such a rela-
tively small difference between a-m
and f-m spectra (considering the
important sidebands only) in an
overall bandwidth of 125 ke made it
practicable to keep the receiver

The opinions or assertions contained in
this article are those of the author and
are not to be construed as official or
necessarily reflecting the views of the
Navy Department.
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in UHF Communications

An evaluation of two types of voice modulation, under typical conditions of Navy com-
munications experience and restricted to simple circuitry. Overall physical require-

ments of mobile equipment designed for this specific service are scrutinized

bandwidth the same for both types
of modulation. A value of m, = 1
would have resulted in a maximum
deviation of =3 k¢, representing
only =0.0009 percent frequency
variation at the carrier frequency
used in the tests. Such small vari-
ations are difficult to monitor; the
errors in measured results would
consequently have been greater.

The reference or desired-signal
frequency used throughout the trials
was 328.2 me. This frequency was
chosen mainly on the basis of a
minimum number and amplitude of
spurious responses for the trans-
mitter-receiver combination em-
ployed. The overall audio response
range of the equipment was ap-
proximately 300 to 3,000 cps, cor-
responding to a maximum intelligi-
bility or articulation factor for ideal
conditions with male speech of
about 90 percent (1 word in 10 mis-
understood). Figure 1 shows the
overall audio frequency character-
istic of the transmitter-receiver
combinations, together with a curve
of overall harmonic distortion. The
receiving equipment was used in
narrow-audio condition; the receiv-
ers, as determined by signal-gener-
ator tests, had a measured harmonic
distortion of well under 2 percent
at 1,000 cps for 30 percent a-m
operation and less than 0.5 percent
with f-m up to =20-ke deviation.

It was decided that, for ease of
setting-up and measurement of
operating conditions, all single-tone
modulation tests would be made at
100 percent modulation with a-m
and maximum or peak deviation
(27 ke) with f-m. The actual ad-
justment of modulation voltage in
the f-m transmitters was accom-
plished by using the carrier drop-
out at m, = 2.4, as observed with
spectrum-scanning equipment at a
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modulating frequency of 2,910 cps.
Voice modulation was maintained
at 30 percent average in the a-m
system and at about =2.1-kc aver-
age with f-m. No pre-emphasis or
de-emphasis was utilized except in
one of the final tests, since, with the
i-f and a-f bandwidths employed,
both modulation systems were
assumed to be about equally capable
of improvement by this means.

All output signal-to-noise ratio
figures in the graphs and discus-
sions that follow are rms values
measured with 100 percent modula-
tion for a-m and =7-kc deviation
for f-m, both with 1,000-cps tone
modulation, unless otherwise stated.
Thus, if a figure of +30-db output
signal-to-noise (s/n) ratio is given,
is would be about 10 db less, or
+20 db, for 30 percent a-m or
+2.1-ke deviation with f-m.

Choice of F-M Detector

Much thought was given to
choice of the f-m limiter and de-

tector combination for the receiving
equipment. It was considered es-
sential that, in addition to suitable
operating characteristics, this por-
tion of the f-m system should not
require any considerable design
differences in the circuits preced-
ing it, so that gain, selectivity, and
all other characteristics up to the
final demodulator stage itself would
be identical in both the a-m and f-m
receivers. Grid-bias plate-satura-
tion type limiters were considered
and rejected as unsatisfactory from
the standpoint of their relatively
poor impulse-noise limiting, infer-
ior adjacent-channel performance,
and relatively high limiting thres-
hold; this latter would have re-
quired an additional stage of i-f
amplification, which was inadmis-
sible. After examination of the
various other possible arrange-
ments, such as the locked-oscillator
types, the so-called ratio detector
was chosen as the best compromise,
with the intent that a subsequent

gation difficulties.

carrier frequency is reduced.

receiving cquipment.

operated, and maintained.

SUMMARY

A-M is preferable to f-m for certain highly mobile conditions of operation, owing
to better weak-signal performance and relative freedom from cochannel and adjacent-
channel capture effects, as well as generally lower susceptibility to multipath propa-

A-M is preferable from the standpoint of spectrum occupancy, increasingly so as the

A-M is preferable from the standpoint of ease of equipment alignment, frcedom
from detector symmetry and centering
detuning with negligible impairment of performance.

A-M is preferable from the standpoint of circuit simplicity, particularly in the

limitations,

F-M is advantageous for geographically fixed communication and broadcast systems
with proper planning, particularly if the receiving equipment is carefully designed,

F-M is generally preferable for truly high-fidelity reproduction of speech or music,
with the same limiting conditions as given in the paragraph immediately above.

F-M, in gencral, permits use of a smaller transmitter with less required primary
power for a given carrier-output rating. By use of various devices in a-m transmitter
design, the difference can be reduced if continuous-peak a-m output is not required.

F-M poses a difficult problem of transmitter modulation in crystal-controlled
systems, increasingly so as required deviation increases, and may force high-order
multiplication not otherwise required or desirable

and for tolerance of severe
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theoretical analysis would be under-
taken before final closing of the
a-m/f-m comparison problem to de-
termine how far the ratio detector
as used caused departure from the
theoretical optimum performance
of an ideal f-m system.

The ratio detector, which is
essentially a phase diseriminator
with current-balance rectifiers ar-
ranged to provide simultaneous de-
tection and half-wave shunt-diode
limiting in the discriminator-secon-
dary circuit, was chosen for the fol-
lowing reasons:

Relatively good impulse-noise per-
formance.

Good adjacent-channel interference

suppression.

Small deterioration of signal-to-
noise ratio with detuning.

Relatively low side responses.

Required no additional i-f amplifi-
cation, due to its inherently low limit-
ing threshold

Provided high-level ave voltage, like
that of an a-m diode detector.

Could be readily aligned with an
a-m signal generator.

The circuit constants were so
chosen as to provide optimum a-m
rejection in the weak-signal region
of operation, with the downward
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a-m characteristic as good as pos-
sible. This latter was not consid-
ered as a particularly serious factor
for the purpose of most of the tests,
since main reliance was to be placed
on the results of laboratory trials,
where fading or multipath propa-
gation would not be encountered. It
could, however, be a factor in the
field tests, provided that the aver-
age signal energy reaching the f-m
detector fluctuated to a considerable
extent at a rate faster than about
one-fifth of a second, a figure de-
termined mainly by the detector
time-constant. Distortion measure-
ments taken overall showed that the
detector linearity was good, the
overall harmonic distortion of the
receiver being less than 0.5 percent
up to +20-ke deviation with proper
centering of the carrier on the dis-
criminator characteristic.

Transmitters and Receivers

The transmitting equipments
utilized are shown in block-diagram
form in Fig. 2. Elements A, B, C,
D, and E were identical in both the
a-m and the f-m equipments; ele-
ments G and H were substituted in

WWW._americanradiohistorvy.com

the f-m transmitter for element F
of the a-m transmitter. The ampli-
tude modulator controlled the plate
current of the final r-f amplifier
and was required to be capable of
supplying as much a-f power as
needed for 100 percent modulation
of the carrier. The integrating
network and phase modulator which
provided f-m, however, operated at
a low power level and demanded
much less primary power input
than the amplitude modulator.

The receiving equipments are
shown in block-diagram form in
Fig. 3. Elements A, B, C, D, E, and
F were identical in both the a-m
and the f-m equipments; element I
was substituted in the f-m receiver
for elements G and H of the a-m
receiver. The duo-diode utilized
for G and H was reconnected to
provide the series-aiding diodes of
a ratio detector, and a suitable
phase-discriminator  transformer
was substituted for the final i-f
transformer normally used in the
a-m equipment. The space provided
on terminal boards by removal of
the a-m detector and limiter com-
ponents was utilized for the f-m
detector components. The result
was a neat conversion, with essen-
tially the same selectivity, reserve
gain, freedom from regeneration,
and fidelity as the original a-m
form of the receiver.

As indicated above, separate
equipments were used for the a-m
and f-m systems. This step was
decided on after consideration had
shown the impracticality of switch-
ing the same equipment from one
type of modulation to the other
during the tests. The equipment as
used essentially satisfied the re-
quirement of an absolute minimum
of difference in characteristics and
circuits.

Standardization

The performance characteristics
of the a-m transmitters and re-
ceivers had been thoroughly inves-
tigated prior to this problem,_ Sim-
ilar thorough studies were made of
the f-m transmitting and receiving
equipment before starting the svs-
tem trials. The measurements in-
cluded determination of the noise
factor (nf) of each receiver from
the antenna circuit to the plate of
the final i-f amplifier. The receiv-
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ers were then standardized in pairs,
a pair consisting of one a-m and
one f-m equipment, each with nf
within 1 db of the other. It was
subsequently found, as expected,
that differences in standard sensi-
tivity figures checked quite well
with the differences observed in nf
between receivers, and further
checking of pairs for nf was done
in terms of standard sensitivity.
Standardized pairs were used
throughout both the laboratory and
field tests; these pairs were sub-
stantially identical in all character-
istics, facilitating the segregation
of differences in system perform-
ance due to modulation type by can-
celling out, in effect, the equipment
factor. It was found unnecessary
to standardize the transmitters,
since the unmodulated power out-
put and degree of modulation,
which were the factors of main im-
portance, were easily adjusted and
measured in each individual set-up.

Since close alignment of the de-
sired signal to the center frequency
of the f-m detector was considered
essential for optimum and consist-
ent results, a particular effort was
made to select standardized or
paired control crystals for each f-m
transmitter and companion re-
ceiver. The crystals were selected
so that the f-m system was within
-+5 ke of centering in its receiver
pass-band at the signal frequency
chosen, giving an overall accuracy
of about ==0.0015 percent provided
the diseriminator circuits were very

accurately aligned. Similar stand-
ardized control-crystal pairs ac-
curate within ==20 ke were used for
the a-m equipments. Crystals were
also selected for detuning, cross-
modulation, and other off-channel
tests.

Records and Maintenance

Careful records of technical data
and meticulous maintenance of
equipment in top operating condi-
tion are essential in an investiga-
tion involving as many observers
and tests as did the subject study.
All pertinent and useful data were
recorded in written form; addition-
ally, magnetic-tape records were
made of all significant audio output,
to permit subsequent comparison
and evaluation. The audio records
were considered of particular im-
portance in the analysis of such
items as difference in character of
noise output from the two systems,
presence or absence of transient
effects such as swish, the auditory
masking caused by heterodyne
beats, and other conditions not ap-
parent from meter readings alone.
Paper-backed magnetic tape was
used, recorded in modified Brush
magnetic-recording equipment. This
tape could be readily edited, per-
mitting easy juxtaposition of sig-
nificant sections for immediate com-
parison or the shortening of long
runs of data to the essential mate-
rial for analysis. The frequency-
response, dynamic range, and other
important characteristics of the

recording system were satisfactory
for the purpose intended.

All transmitting equipment was
thoroughly checked before each run,
including such modulating equip-
ment as was involved in the partic-
ular test. Transmitter power output
and modulation level were carefully
maintained during the runs.
Likewise each receiver was checked
for alignment, sensitivity, and
bandwidth before each test, using
calibrated standard signal genera-
tors, with particular attention to
centering and symmetry of the f-m
detectors.

The laboratory trials utilized the
receiving and transmitting equip-
ments described above, with simu-
lated propagation paths consisting
of lossy cables and special attenu-
ators of 50-ohm characteristic im-
pedance. Figure 4 shows the setup
in block-diagram form. One or
more signals could be simultane-
ously provided in the system; such
signals could be any desired com-
bination of modulated carriers, un-
modulated carriers, and impulse-
type noise.

Intelligibility tests were made
using standard word lists and also
connected prose, and the relation-
ship of intelligibility with both
types of test material to the output
signal-to-noise ratio with the ap-
proximately 300 to 3,000-cps audio
band utilized was established.

Field Trials

Sea trials were conducted, in
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six laboratory tests, (B) ship trial, and (C) air-ground range
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which three ships were utilized to
permit controlled measurements
under both single-signal and two-
signal conditions. The radiation
patterns of all antennas used were
carefully determined; these pat-
terns were utilized in planning the
ships’ courses and allowable devia-
tions therefrom. Similar tests were
made of air-to-ground transmission,
with the ground station located at
one of the field activities of the
Naval Research Laboratory, in co-
operation with properly equipped
aircraft. Radar noise-interference
tests were also made.

Two factors were considered of
major importance in this problem.
The first was the relative opera-
tional performance obtained with
the two types of modulation, and
the second, the influence of the
modulation type on the physical
design and maintenance require-
ments of transmitting and receiv-
ing equipment.

Since the a-m and f-m systems
under consideration were identical
with respect to the gain and band-
width of the audio, intermediate-
frequency, and radio-frequency
portions of the receivers, it was
feasible to make comparisons on the
basis of the output signal-to-noise
ratios (s/n) obtained for given
values of carrier level at the input
to the receiver equipment. The per-
formance comparisons which follow
are based on this premise. Many
factors combine to make it difficult
to designate any given single out-
put s/n ratio as an absolute mini-
mum standard of communication.
A series of Iinvestigations was
made, however, to establish an ap-
proximate absolute low-limit of out-
put s/n below which intelligible
voice communication should not be
considered as mnormally possible
without repeats. This absolute low-
limit rms s/n figure was found to
be about +5 db (for peak or 100-
percent modulation) for the audio
band employed (approximately 300
to 3,000 cps), as determined by
laboratory intelligibility and field
communication tests using con-
nected prose. The operational
figure for minimum acceptable s/n
ratio for safe communication em-
ployed by several military labora-
tories is between +16 and +20 db
for peak modulation. It is under-
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stood that figures of +30 db or over
are generally preferred for good
land-line telephone practice. It
should be emphasized that the +5
db s/n value is an absolute low-
limit for the 800 to 3,000-cps audio
band, which can be tolerated as a
transient condition but not used
as a design figure for safe-com-
munication range.

In most tests, the receiver output
voltages, both signal and noise,
were measured with vacuum-tube
voltmeters which gave rms indica-
tion. In some cases, the signal was
separated from the noise by very
sharp filters and corrected to give
rms values.

In evaluating any communication
system, two major operational con-
ditions require examination : single-
signal operation, that is, only one
signal carrier present in the sys-
tem; and multiple-signal operation,
with two or more signal carriers
simultaneously present in the sys-
tem.

In the comparisons reported
herein, both single-signal and mul-
tiple-signal operation were investi-
gated. Although many single-sig-
nal characteristics of the equip-
ments used were separately studied
and compared, the single-signal
operational factor considered of
greatest importance in this report
is that of relative range, which is
indicative of relative radius of com-
munication. In the multiple-signal
case, three different conditions of
operation were studied:

A desired signal in the presence of
the undesired signal, where the unde-
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FIG. 7—The fm/a-m power relation, im-
pulse interference

sired signal was in the form of spark
or impulse noise (noise interference).

A desired signal in the presence of
an undesired signal, where both had
the same characteristics and the unde-
sired signal was on the same carrier
frequency as the desired signal (com-
mon-channel operation).

A desired signal in the presence of
an undesired signal, where both had
the same characteristics except that
the undesired signal carrier was sep-
arated from the desired signal carrier
by a frequency interval of one channel
or more (adjacent-channel operation).

As indicated, multiple-signal
operation studies were confined
to two-signal conditions; time, un-
fortunately, did not permit three-

signal investigations.

Range and Noise Trials

In the laboratory trials, the range
data were obtained in terms of
(s + m)/n output ratio versus db
attenuation in the transmission
path. In the field trials, the output
(s + n)/n ratios were measured in
the same manner as in the labor-
atory trials but the attenuation was
determined in terms of distance.
Data were taken in both cases
which allowed conversion of the
transmission-path attenuation and
the distance into microvolts input
to the receivers.

Two separate forms of mnoise
interference were investigated,
namely, radar interference and
spark-noise interference. Radar
effects were studied under the worst
possible conditions of antenna spac-
ings and equipment separation. No
precautions were taken to filter the
power lines of the equipments in-
volved. The receivers used were
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energized from the same unfiltered
power source as the radar equip-
ments. Various pulse lengths,
repetition rates and radar carrier
frequencies were selected with the
intent of producing maximum in-
terference with a desired signal. In
the case of the spark-noise tests, a
value of 45 microvolts spark noise
(quasi-peak) was selected as repre-
sentative of the general noise level
which previous measurements had
indicated would prevail under aver-
age naval shipboard conditions. It
is considered doubtful, however,
that a noise level as high as 45 mi-
crovolts would be encountered in
the regions where uhf receiving
antennas are normally located.
Operation with other levels of
spark-noise interference (250 and
3,000 microvolts) was also investi-
gated, with substantially the same
results as obtained with 45 micro-
volts. The spark-noise generator
employed was essentially a spark
transmitter tuned to provide maxi-
mum energy in the range from 280
to 380 mec; its output spectrum
resembled that produced by motor
commutator noise.

Common-Channel Trials

Two separate effects are encount-
ered in common-channel operation.
One of these is the so-called eapture
effect, which manifests itself as a
suppression or depression of the
desired-signal output in the pres-
ence of an interfering signal on the
same channel. This effect normally
occurs in both a-m and f-m systems,
although to a different degree. If
the two carriers are of identical
frequency so that there is no result-
ant beat, or if the carriers are

sufficiently displaced in frequency
so that no audible beat is produced,
the ecapture or signal-depression
effect will be more apparent, gener-
ally accompanied by variation in
output noise level. If the carrier
separations are such that the heter-
odyne produects fall in the audible
range, heterodyne-tone masking of
the desired signal will occur, mak-
ing it difficult to segregate the cap-
ture phenomena.

In these trials, as previously
mentioned, a consistent effort was
made to secure identical carrier
frequencies for both the desired
and interfering signals. Due to
unavoidable variations between the
control crystals, audible heterodyne-
tone effects were encountered in
most cases. Therefore, common
channel operations were evaluated
on two bases. In the laboratory
trials, capture effects were segre-
gated by the use of extremely sharp
filters. The combined effects, in
both the laboratory and field trials,
were evaluated using speech intel-
ligibility or articulation techniques.
For the purpose of the capture-
effect comparisons, a depression of
the desired signal output to 30 db
below its interference-free level was
chosen as the standard of compari-
son. This value of 30 db represents
the maximum depression of desired
signal output level beyond which it
was considered no longer practic-
able, under normal operating condi-
tions, to obtain intelligence from
the desired signal in the presence
of the interfering signal.

Adjacent-Channel Trials

In the adjacent-channel interfer-
ence studies; the cross-modulation
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FIG. 9—Cochannel operation, intelligibil-
ity test
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measurements were made employ-
ing standard Navy techniques.
Some of the 30-db-below-30-watts
interference measurements with
a-m were discontinued at separa-
tions of 2.4 me, since closer fre-
quency spacings appeared to result
in direct breakthrough. Informa-
tion obtained subsequent to these
measurements, however, indicated
that direct breakthrough actually
occurred at frequency spacings of
about 1.2 me for both the a-m and
f-m systems.

The standard interfering signal
level of 30 db below 30 watts (1.23
volts rms) was adopted as repre-
senting the maximum likely inter-
ference to be encountered in uhf
shipboard installations with pres-
ent transmitters. The output s/n
ratio depression effects are consid-
ered to be largely caused by carrier
interference phenomena in the lim-
iters and final detector, with possi-
bly some mixer saturation effects.
The onset of these effects was indi-
cated by desired signal output
decrease or noise output level
increase, or, more usually, by the oc-
currence of both changes simultan-
eously in the presence of the inter-
fering signal.

Range Trial Results

The average of six laboratory
range runs is plotted in Fig. 5A.
Increasing attenuation in the propa-
gation path, shown as the abscissa,
is equivalent to a decreasing level
of signal input to the receivers,
such as would result from opening
the range in field tests. Figure 5B
is part of the record of ohe of the
field tests in the medium and weak-
signal region, made with two ships
drawing apart in an open-sea area
about 200 miles from land. It
shows the fluctuations in signal
level which make field data more
difficult to interpret than controlled
laboratory test data. Figure 5C is
a similar graph for air-to-ground
transmission. These last tests were
characterized by very rapid fluctua-
tions of signal input level, which
tended to obscure differences in per-
formance by introducing meter lag
effects and increasing the difficulty
of averaging input and output
meter readings. In general, how-
ever, the data for all tests indicated
a crossover of the a-m and f-m
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range curves at output s/n ratios
between +14 and 420 db.

Figure 6 shows the transmitter
power increase (or decrease) re-
quired to provide the same output
signal-to-noise ratio with f-m as ob-
tained with a-m for the same range
or distance from the transmitter.
This comparison is based on the
laboratory trials, which were essen-
tially confirmed (within 5 db) by
the associated field trials. The
transmitter unmodulated ecarrier
output power requirement is the
same for both systems at an output
s/n ratio of +19 db with the im-
perfect limiting of the ratio de-
tector. For s/n ratios of less than
+19 db, the f-m transmitter re-
quires more unmodulated carrier
power, while the converse is true
for s/n ratios greater than +19 db.
The dashed curve shows the theo-
retical comparison based on an
ideal f-m receiver with perfect
limiter. Under these conditions,
the same a-m and f-m transmitter
unmodulated power is required for
+11-db output s/» ratio, with the
f-m transmitter requiring about 0.7

db more power than the a-m trans-

mitter for each db decrease of s/n
ratio below 411 db and about 0.7
db less power for each db of s/=n
ratio increase above +11 db.

Radar Interference Test Results

In the two-signal investigations,
in which the interfering signal was
a pulse-modulated off-channel car-
rier, radar transmitters were used
to produce the undesired signal.

With radar frequencies from well

below to well above the desired
signal (all outside the receiver sig-
nal band), peakepower outputs of
very high level, pulse durations
ranging from very short to long,
and pulse repetition rates covering
a wide range, no observable inter-
ference output was noted from the
f-m receiver under any conditions.
Some interference was observed in
the a-m receiver output, but this
was completely eliminated when the
noise limiter was turned on. Spac-
ings between the radar and receiver
antennas were adjusted to produce
maximum possible ‘interference.
Actual antenna separations ranged
from one-quarter inch to ten feet.
Various levels of desired signal
were used, with the receiver on a
channel frequency of 328.2 me.

Iripulse-Noise Test Results

In the two-signal studies in which
the interfering signal was impulse-
type noise, the spark generator
previously mentioned was used to
provide a broad spectrum of inter-
ference which centered close to the
desired-signal frequency. The re-
sults of these studies are shown in
Fig. 7, in the form of the f-m trans-
mitter power increase (or de-
crease) required to provide the
same s8/n output ratio with f-m as
obtained with a-m for the same
distance from the transmitter.

The curves indicate that for s/n
ratios of 425 db or less, the a-m
system with noise limiter on re-
quires less transmitter power than
the f-m system and, conversely, for
s/n ratios above 25 db, the f-m sys-
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FIG. 11—Depression of s/n by adjacent
a-m carrier
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tem requires less transmitter power
than the a-m system. The ave con-
ditions marked on the curves apply
to both the a-m and the f-m receiv-
ers. The large difference between
a-m and f-m performance with ave
on is believed to be due mainly to
the ave bias generated by the noise
impulses, which reduced the re-
ceiver gain to a level not favorable
to best f-m limiter action. Incorpo-
ration of an f-m limiter more nearly
approaching the theoretical ideal
should result in more nearly equal
performance between the f-m sys-
tem and the a-m with noise limiter
on.

Common-Channel Test Results

Figure 8 is a plot of the capture
effect encountered in two-signal
operation, with both the desired
and undesired carriers nominally of
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FIG. 12—Dépression of s/n by adjacent
f-m carrier

the same frequency and the unde-
sired carrier exceeding the desired
carrier level. It was measured by
segregating the desired signal from
other masking output, such as
heterodyne beats by use of a sharp
filter (wave-analyzer). The graph
shows that for a desired-signal out-
put s/» ratio on the order of +15
to 20 db, the a-m system can with-
stand an interfering carrier level
about 10 db higher than the f-m
system for a 30-db depression of
the desired signal. Incorporation
of limiting more nearly approach-
ing the theoretical ideal would re-
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13—Adjacent-channel

sult in slight increase in slope of
the f-m capture curve, resulting in
greater capture effect, with the 30-
db standard signal depression oc-
curring at lower undesired-to-de-
sired carrier ratios.

Figure 9 shows an intelligibility
comparison with the undesired car-
rier below the desired carrier level.
No output components were filtered
out in this test. The graph shows
the number of words correctly un-
derstood when listening to the f-m
system for each one hundred words
understood with the a-m system; it
is comparative and does not show
the absolute intelligibility of either
system. The average a-m intelligi-
bility was, however, in the order of
50 percent between —10 and —20
db undesired-to-desired carrier
ratio. The a-m and f-m systems
employed in the laboratory tests
had a measured audio distortion
overall of about 5 percent at 1,000
cps, as previously indicated.

Figures 8 and 9 together cover
input ratios ranging from an unde-
sired signal well below the desired
signal level, under which condition
masking by heterodyne tone is the
main effect, to undesired signals
well above the desired signal level,
where capture effect is of more im-
portance. Incorporation of more
nearly perfect limiting could be ex-
pected to cause a greater downward
tilt of the curve in Fig. 9, when the
comparison is based on the same
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interference

24 mc FIG.

interference-free output s/n ratio
of + 27 db.

Adjacent-Channel Results

Figures 10 and 11 show the
cross-modulation and s/n ratio de-
pression effects which occur in the
a-m system with two-signal adja-
cent-channel operation. The cross-
modulation curves of Fig. 10 are
extrapolated to the region of direct
signal breakthrough. The curves
show less crosstalk from interfer-
ing signals above the desired signal
frequency than from interfering
signals below the desired frequency.
This difference is due mainly to the
alignment of the broad preselector
circuits preceding and immediately
following the first r-f amplifier tube
in the receiver relative to the de-
sired carrier frequency.

Figure 12 shows the depression
of the s/n ratio of the desired sig-
nal in the presence of an interfer-
ing signal adjacent in frequency to
the desired signal in the f-m system.
(A similar difference between the
two regions on either side of the
desired signal appears as in Fig.
10, for the same reason.) During
the course of these trials, no cross-
talk due to cross-modulation effects
was discernible in the f-m system.

Figure 13 summarizes the effects
of adjacent-channel interference in
both the a-m and f-m systems, with
the interfering signal 2.4 mc below
the desired signal frequency at a

www americanradiohistory com

14—Adjacent-channel

operation, interference 2.4 mc

above

level of 30 db below 30 watts. From
these curves, it is apparent that:
At input signal levels correspond-

ing to an output s/n ratio of the de-
sired signal without interference of

. +20 db or less, the interfering signal

causes substantially constant depres-
sion of s/n. This depression is about
% db with a-m and about 6.5 db with
-m.

Above this +20-db point, the a-m
s/n depression remains constant at
about 1 db, while the f-m s/n depres-
sion decreases.

The major interference effect in the
case of the a-m system is the crosstalk
resulting from cross-modulation, while
in the f-m system it is the depression
of the s/n ratio of the desired signal.

If it is assumed that the deteriorat-
ing effects of cross talk interference
and fluctuation-noise interference are
of equal significance, it can be con-
cluded that at input signal levels cor-
responding to an output s/z ratio
below about 414 db without interfer-
ence, the resulting ratio of desired-
signal to interference is higher with
a-m than f-m. Above this 14-db point,
the converse is true.

Figure 14 is a graph similar to
Fig. 13, but with the interfering
signal 2.4 mec above the desired sig-
nal frequency. The curves show
less effect on the desired signal by
the interfering signal. The rela-
tionships which exist are, however,
similar to those shown in Fig. 13.
Limiter performance closer to the
theoretical ideal in the f-m case
could be expected to result iIn
greater output s/n depression
effect, with, however, a lower de-
sired-signal input level required to
produce the indicated output s/n»
without interference.
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Interior of line car, showing operating position. Busy and call
visual signals above and to right of conductor

patcher.

Philadelphia Suburban line car is in constant contact with dis-

Vertical antenna at left of window

Pushbutton Selective

Control transmitter is turned on and a four-digit code is automatically keyed in less

than a second after the touch of a button. Selective calling unit employs a unique com-

bination of relays and tubes as time-delay elements, replacing conventional dial. A

transit dispatching system is described

HE INCREASING USE of f-m
Tradiotelephone equipment by
the various services operating in
their assigned frequency bands be-
tween 152 and 162 megacycles has
created a problem of intraservice
interference that has only been
alleviated by cooperative sharing
plans and operating practices to cut
the amount of time that any one
station uses its facilities.

One scheme for enhancing the
usefulness of any one channel is
selective calling together with a
lockout system that prevents any
but the called station from listen-
ing or talking while the selective
function is employed. Such selec-
tive calling equipment has already
been described"* and used. How-
ever, selective equipment that en-
compasses the control of any appre-
ciable number of stations is predi-
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cated upon the use of either a
telephone type dial or the manipu-
lation of a series of switches in cer-
tain sequence. While some services
can perhaps afford the time neces-
sary, others, such as taxi dispatch-
ing, find that any system taking
more time than that required to
depress a foot switch is inadmis-
sible.

One of the most usual methods of
obtaining a large number of selec-
tive combinations is the use of four-
digit codes (such as 1126 or 2314)
the sum of which is 10. It is the
necessity for dialing four digits
that takes the time.

Pushbutton Calling

With this problem in mind, The
Hammarlund Manufacturing Co.
has supplemented its line of dial-
operated selective calling equipment

wWWW americanhradiohistorv com

with a pushbutton unit that auto-
matically translates the dispatch-
er’s or operator’s information into
the four-digit 10-total code re-
quired by the system. The equip-
ment to be described employs banks
of keys numbered from 1 to 84, but
these numbers can just as well be
replaced by serial numbers asso-
ciated with the remote station, by
colored tabs, letters of the alphabet,
or even with pictures or symbols.
In operation, when the desired
button is depressed the transmitter
is turned on, the selective calling
code is transmitted, and the trans-
mitter is again turned off. All
three operations are accomplished
within about 0.8 second. Only the
called station can reply, and visual
supervisory signals are illuminated
at both the control and remote sta-
tions to show the dispatching oper-
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Complete central station coding unit actuated by pushbutton control sends out
four-digit cipher

Calling

By J. K. KULANSKY

Mobile Systems Engineer
Hammarlund Manufacturing Co., Inc.
New York, N. Y.

Central station selective control board.
Numbers can be replaced by symbols or
other designations

ator the condition of his equipment.

Simplex operation (customary
practice) can be carried on with
the dispatcher turning his carrier
on and off by means of a foot pedal.
When the call has been completed,
the central operator presses his
reset button. Within a 0.25-second
period the carrier will be turned on,
the coded clearing signal sent out
to unlock the remaining remote sta-
tions, the carrier will go off and the
dispatcher’s board will indicate that
the svstem has been restored for
normal incoming calls, or for
another coded outgoing call. If it
is desired to ecall all stations, a
single special button is depressed
and 0.4 second later all remote
stations can talk or be addressed.
Multiple calling of certain prede-
termined groups can also be accom-
plished in 05 to 0.6 second, by
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depressing a single group button
for the section desired.

A complete block diagram for the
central station is shown in Fig. 1.
The significant elements of the
earlier dial-operated coder at the
left are interconnected with the
newer pushbutton device that can
be used to replace the dial. The
function of the electronic circuits
in the three upper right-hand
blocks (V., V,, V. in Fig. 2) will be
more fully discussed after the ac-
tion of the system as a whole has
been treated.

The stepping switch K, associ-
ated with the digit storage device
is actuated by a solenoid and com-
prises three pairs of wiping con-
tacts that traverse three 20-posi-
tion rotary switch banks. Contacts
1 and 11, 2 and 12, and so on, are
wired together so that the wipers

www-americanradiohistorv com

are always ready to trace out a
1-to-10 sequence without restoring
the switch to a neutral position.

Starting a Call

To initiate a call, the proper but-
ton is depressed, resulting in the
actuation of the coding delay timer
V., which immediately energizes
the delay timer control relay, K.
The pulse train initiator relay K,
is then closed, energizing the trans-
mitter control relay which puts the
transmitter carrier on the air. At
the same time, a green carrier indi-
cator lamp is lighted at the control
position. When the period of the
coding delay timer V, has elapsed,
relay K, falls back to its normal po-
sition to complete the ground path
of the rotary magnet circuit asso-
ciated with the digit storage de-
vice. When this ground path
through the interrupter contacts
K.., normally closed contacts K,
K., K. and K, is completed, the ro-
tary magnet is energized.

When the rotary magnet arma-
ture is pulled closed the pawl on the
rotary switch loads a spring that
actuates the wiping contacts. When
the spring completes the stroke, the
interrupter contact K., opens. At
the instant that the rotary magnet
was energized, a positive impulse
was passed through pulse trans-
former T, to the grid of the pulse
train relay generator V. which, in
turn, operates tone keyer V.. The
tone keyer sends a 3-kilocycle signal
through mixer tube V, to the audio
input of the transmitter.

As contacts K;. open at the com-
pletioh of the rotary switch initial
stepping cycle, a positive pulse is
transmitted to digit generator V.
and relay K, is immediately ener-
gized. When contacts K., open, the
circuit through the rotary magnet
is broken. It remains broken until
the time delav in V, has elapsed,
whereupon the contacts K. close
and the stepping cycle is repeated.
The action is such that the rotary
switch steps at about 20 pulses per
second.

Digit Memory

The digit storage device is inter-
connected with the pushbutton key-
board so as to set up the proper
circuits between contact 10 (and
20) and certain intermediate points
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for the code that is to be trans-
mitted.

For example, the code for button
79 might be 5221 so that contacts
5, 7, and 9 would be connected via
button 79 to contact 10. When
wiper contact K., stops on an inter-
digit rest interval that is so con-
nected, a positive impulse is passed
through the digit storage device to
interdigit interval timer V,. Oper-
ation of V, triggers digit generator
V, in a manner to be described later
so that the digit generator control
relay remains operated for a period
of approximately 100 milliseconds.
At the end of this interdigit space,
K,, will again be allowed to close
and the rotary switch will complete
the keying of the predetermined
code group, stopping on the tenth
contact. Again the interdigit space
will be initiated, and in addition,
with K, closed, the circuit will be
closed through wiper contacts K.,
to short-circuit the turns of pulse
train initiator relay K,. When the
contacts K, open, the rotary mag-
net circuit through K, opens. At
the same time, the transmitter con-
trol relay also opens, turning off
the carrier and extinguishing the
supervisory indicator light. Con-
currently, the red call complete or
NOT RESET visual indicator lights
to show that the selective call
has been established (awaiting the
answer of the called station) and
that all other stations are in the
locked-out condition with their
busy lamps lighted. The sequence
described provides for simplex op-
eration in which a foot switeh or
other device is used to plaee the
transmitter on the air for subse-
quent conversations. It is also pos-
sible to depress any other call
button and establish communica-
tion with any other remote station
or stations without releasing the
first.

For semi-duplex operation, in
which the central station transmit-
ter carrier remains on the air for
the full duration of the dispatcher’s
use, the equipment connections are
slightly modified by a switch pro-
vided. The call is initiated as be-
fore except that the duplex relay
K, is energized simultaneously with
the pulse train initiator relay K,
and maintains the carrier on even
after K, opens to break the rotary
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magnet circuit and terminate the
coded digit train.

When the ALL CALL button is
depressed, the rotary magnet ac-
tion will continue the stepping
switch to the tenth contact without
interruption, after which relay K.
is shut off. Each of the called sta-
tions will then be activated to send
or receive.

Reset Cycle

At the completion of a call, the
reset button is depressed, resulting
in the operation of the coding de-

lay timer V, and the turning on of
the transmitter. A mechanical time
delay causes the reset switch to
operate the reset translator relay
K, just before it operates V.. Con-
tacts K, turn out the red call-com-
plete lamp and contact K., opens
the lead to the rotary stepping
magnet, disabling the calling mech-
anism during the ensuing recycling
operation.

When delay timer control relay
K, falls back to its normal position,
the reset initiator relay K is closed
tprough contacts K,,. Dash gener-
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FIG. 1—Block diagram of

the central station control and code-pulsing unit
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FIG. 2—Circuit diagram of tube and relay elements used to encipher the calling
information

WWW.americanradiohistorv-com

February, 1949 — ELECTRONICS


www.americanradiohistory.com

ator V. operates tone keyer V, and
the transmitter is modulated with
a 3,000-cycle tone for about 250
milliseconds. At the end of this
time interval, a positive reset shut-
off signal is passed to the interdigit
interval timer V.. In the same man-
ner as that described above, digit
control relay K, is energized and
shuts off K;. All remote units are
restored to normal and the trans-
mitter is turned off. The control
unit will now indicate the normal
standby conditions with both lamps
off.

Digit and Interval Controls

That the mechanism is a unique
combination of relays used in the
simplest possible manner together
with electron tubes used as delay
and pulsing elements is evident
from the simplified circuit diagram
of Fig. 2. The action of the digit
and interdigit controls is explained
with the help of the approximate
waveforms given in Fig. 3.

When relay K (Fig. 1) closes the
d-c control circuit to the rotary
magnet K, of the stepping switch,
the magnet is energized. A posi-
tive impulse is transmitted through
pulse transformer T, through ca-
‘pacitor C, to the grid of the pulse
train relay generator V.. The plate
(pin 5) will go negative for ap-
proximately 0.035 second. The ro-
tary magnet will allow the pawl of
the stepping relay to engage the
ratchet which in turn will load a
spring attached to the wiper arm
assembly. In approximately 0.017
second the loading cycle will have
been completed and the interrupter
contacts K., carrying d-c to the
stepping magnet will be opened. At
this time, a positive impulse will be
transmitted from pulse trans-
former T, to the grid of the digit
generator V, and the associated
plate (pin 5) will go negative.

At this point, the pawl will re-
turn to its neutral position just ag
the spring recoils and steps the
wiper assembly to the first contact.
The interrupter contacts K., will
again be closed, but the circuit
through the rotary magnet is
incomplete because of the open con-
tacts K., of the operated digit gen-
erator relay K,. When the time in-
terval has elapsed and contacts K.,
again close, the cycle is repeated.
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FIG. 3—Waveforms associated with gen-
eration of digits and spaces

However, the circuits are set up to
restrict the maximum pulse rate
to 20 pps. When the wiper contacts
of the stepping switch rest on a
coded digit interval at the end of a
digit generator cycle, a positive im-
pulse is passed from the plate (pin
5) of V, through the digit storage
device to the grid of the interdigit
interval timer V..

The impulse, received at the grid
(pin 4) together with the acceler-
ated action provided by inductance
L. provides a rapid firing of V.
This effect causes the other plate
(pin 2) of V, to rise rapidly in po-
tential and to accelerate further
the rise in yoltage of the grid (pin
4) of V, through 1.1 megohm d-c
coupling resistor .. There arises
a so-called double-cumulative action
between V, and V, that also results
in digit control relay K, remaining
energized for a period of approxi-
mately 0.1 second. At the end of
this period, K, again falls back to
normal, closing the circuit to the
rotary magnet K, through the con-
tacts K... The cycle is repeated
four times to correspond with the
four-digit code set up by the push-
button control to which the digit
storage device is connected. The
starting and shutoff cycles are con-
trolled by the relay contacts in the
ground control lead of the rotary
magnet d-c supply circuit (as
shown in Fig. 1).

Mobile Decoder Unit

The decoder unit located in the
remote or mobile receiving equip-
ment comprises several miniature
telephone-type relays and a step-
ping switch with ten contact posi-
tions. The switech is recycled by
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means of a return spring with a
release magnet to disengage the
ratchet detent.

The coded pulse train (Fig. 4)
from the pushbutton unit is taken
off in the receiver at the discrimi-
nator audio output point ahead of
any manual volume control. The
coded information passes through a
bandpass filter tuned to 3-ke. The
sharpness of the filters is such that
frequency channels 100 kc apart
might also be used without mutual
interference. The information is
then fed to limiter-amplifier V.
which amplifies only the 3-kc band-
pass information to the exclusion
of voice frequencies or spurious
noise that occurs when a carrier is
not present. A second 3-kec filter
with an effective Q in the order of
150 causes the pulse detector ampli-
fier V, to amplify when a predeter-
mined threshold level is established.

Under these circumstances, a
voltage exists via the feedback loop
to limiter-amplifier V.. The effect
is to increase the overall gain of
the amplifier and cause the pulse
detector to operate pulsing relay
K.. When the pulsing relay closes,
the stepping switch K, advances to
the first position. In addition, a
signal is passed to the decoding re-
lay K. as well as over the release
line to the lockout relay K.

Initially, the last mentioned op-
erations (decoding and lockout)
are used for purposes to be de-
seribed below. During the space
time (no tone) separating the
marking cycles (tone on) the lock-
out relay K, is operated through the
lockout line and remains energized.
When a digit pulse train (the im-
pulses of a single digit) is ended,
the pulsing relay K, will fall back
to the normal position and cause
voltage to be applied to the decod-
ing relay K, through the coding
plug if the first position for this
group does not correspond with the
code transmitted. In the coding
plug all the undesired positions are
wired together. The plug bears a
code number that represents the
unwired or desired positions. The
signal response of the decoder can
be quickly changed by substitution
of a differently wired plug.

Under the call rejection condi-
tions outlined, the decoding relay
K. will operate the release magnet
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FIG. 4—Simplified block diagram of the mobile decoder attached to radio receiver

K.zy of the stepping switch., When
the next code group is transmitted
after the 100-millisecond delay, the
pulsing relay K, operates as before,
but does not energize the stepping
magnet K., in the unit because the
decoding relay K, remains operated
through the marking (tone on)
time of the digit pulse train and
therefore maintains the decoding
relay in its operated position until
the entire four-digit code has been
completed. Only the called station
stepping switch will reach the tenth
and final position. All stepping
switches other than that at the
called station will be resting in a
neutral position with lockout relay
K, operated. Each transmitter will
be locked out, the receiver audio
muted, and the busy indicator
lighted when this condition of call
rejection is achieved.

Called Station Operation

In the called station, lockout re-
lay K, will be released via the call-
ing release line from K.,. The
closed contacts K,, will then oper-
ate call complete relay K. which
locks up. As K, de-energizes, con-
tacts K, close and the signal and
audio lines are completed as far as
contacts K;,. The call bell or buzzer
sounds, and the call lamp flashes.
The busy indicator is extinguished
and the transmitter lockout is re-
linquished.

When the operator lifts the hand-
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set, the call-complete relay K, is
opened and the call bell and ecall
lamp are disconnected. As contacts
K., close, the audio line is com-
pleted to loudspeaker or handset,
and the remote or mobile station is
in readiness for two-way private
communications. In some types of
service, the alarm ecircuit can be
dispensed with and the loudspeaker
directly energized, so that the cen-
tral dispatch operator can talk im-
mediately without waiting for a
reply.

If the called station is temporar-
ily unattended and does not answer,
a reset signal is transmitted by the
central operator to pulse relay K,
as described. In all mobile equip-
ments it will operate coding relay
K. which energizes release magnet
K.»x. All stepping switches restore
to the neutral position and each
lockout relay K, will be released.
Although this operation restores
the radio channel to normal
standby condition and shuts off the
bell at the called station, the lamp
remains lighted as an indication
that a call was put through in the
operator’s absence.

System Installations

Pilot models of the pushbutton
selective calling unit were put into
experimental service more than a
year ago for taxi dispatching,
greatly reducing the fatigue and
occasional operator errors as com-
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pared with a dial-actuated system.
Other new users of the system
include the Philadelphia Suburban
Transportation Co. operating trol-
leys and buses from the 69th Street
Terminal to Ardmore, West Ches-
ter, Media, Llanerch, and Sharon
Hill. The Media line runs off in a
direction essentially southwest. The
West Chester line to the west is
crossed at Llanerch by the north-
south line from Ardmore to Sharon
Hill. Total trackage is about 35
miles. Of the 50-odd trolleys, one
new car is radio-equipped and also
a line car. Although some installa-
tions are contemplated in the older
cars, 14 new trolleys scheduled for
delivery in January 1949 will come
completely equipped with selective
calling radio. In addition to trolley
installations, there are three dump
trucks, a panel truck, two line
trucks, and two tow trucks now in
full operation. Of the 100-0dd
buses some may be equipped as the
need for communications arises.
Two aspects of rail transporta-
tion produce a need for selective
calling radio. Because a trolley car
cannot pass a stalled vehicle it may
facilitate transportation to use the
remaining single track of a dual-
track system for temporary bi-
directional traffic. Alternatively,
shuttle service on both sides of an
obstacle may be a better expedient.
With full knowledge direct from
the scene of the breakdown, the dis-
patcher at Llanerch can intelligently
direct trolley operations and also
call out a line car for towing, or
mobile repair equipment over the
highways. Because the importance
of avoiding mass hysteria and un-
due anxiety to passengers is well
recognized, the privacy of the sys-
tem by means of selective switch-
ing, call buzzers, indicators, lights,
and telephone handsets insures that
only those who must be involved are
aware that a difficulty has arisen.
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Automatic

Direction-Finder

Aircraft instrument employs unique switching circuits, and

a novel loop structure which has no moving parts. The in-

dicator will follow bearing changes of one quarter degree

By JOHN R. STEINHOFF

Directional Instruments Corp.
New York, N, Y.

IRECTION-FINDING INSTRUMENTS

for aircraft must meet many
stringent requirements. The one
described in this article combines
light weight and small volume with
one-degree accuracy and instantan-
eous automatic operation. Radio
transmitters are used as fix points;
a dial on the instrument panel gives

continuous
degrees.
The externally-mounted loop as-
sembly is stationary, eliminating
the need for motors, bearings, and
wiping contacts, and since it is
hermetically sealed, weather ex-
tremes have no effect on the instru-
ment’s operation, The loop assem-
bly consists of four coils wound on
a cylindrical form. This type of
construction permits wide spacing
between turns, which results in
greatly improved Q. The shield

bearing readings in

A

Externally-mounted loop is hermetically
sealed for reliable all-weather operation,
and does not move

shell is streamlined for minimum
air drag.

A drawing of the loop assembly
showing the relative positions of the
four coils is shown in Fig. 1A, Coils
1 and 2 are positioned 90 degrees
from coils 3 and 4, and the coil
pairs are wound so that when com-
bined with signal voltage from the
sense antenna the antenna field
pattern consists of four right-angle
cardioids, shown in Fig. 1B.

By a special switching system,
the four coil voltages are sampled
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FIG. 1—Block diagram of the entire unit. (A) shows coils in the loop and their positions with respect to each other
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Circuit diagram of the automatic direction-finding equipment.
chassis shown below. The 250-uf capacitors across the indicator coils damp the instrument so that no hunting occurs.

separately and in sequence for
1/200th of a second, fifty times a
second ; and since the individual coil
voltages depend on the angle of
wave front with respect to the loop
assembly, the output will be a fifty-
cycle waveform, with each cycle
divided into quarters, the amplitude
of each quarter being proportional
to the voltage picked up in the cor-
responding antenna coil. Typical
variations of signal level applied to
the grid of the 2nd 6L7 tube have
a waveform as seen in Fig. 1C.
This stepped voltage is a combina-
tion of loop coil and sense antenna
signal voltages.

The quarter sections of the re-
ceiver output cycles, Fig. 1D, are
switched (again, separately and in
sequence) to the four coils of the
indicating meter, which is con-
structed and calibrated to give
readings in degrees.

Switching System

The heart of the switching sys-
tem is the four-phase oscillator
shown in the complete circuit dia-
gram at the top of the page. It
consists of four triodes (two 12-
AU7Ts) connected as individual
blocking oscillators with similar
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‘circuit values. Each stage is in-
ductively coupled to the preceding
stage, so that when one stage ceases
to conduct, the following stage is
tripped before recurrence of con-
duction by natural oscillation, as
illustrated by the grid voltage curve
shown in Fig. 1E.

Since the accuracy of the switch-
ing intervals depends on the action
of the four-phase oscillator, its
operation is controlled by a sepa-
rate pulse generator which limits
the conducting time of each four-
phase oscillator triode to about fifty
percent of its natural conducting
time. Thus circuit variations, such
as changes in tube mutual conduct-
ances, have no effect on the opera-
tion of the four-phase oscillator.

Figure 1F illustrates the cathode
waveforms for the tubes in the
four-phase oscillator. These cur-
rent pulses are responsible for the
switching of the antenna loop coils.
The actual switching process is ac-
complished by the four germanium
crystals, Gi, G., G; and G,, which
are connected in series with each
individual loop coil and a common
impedance-matching transformer.
These diodes act as varistors and
are individually activated by the

WWW.americanradiohistorv<com

All parts, except the loop and indicating meter, are mounted on the

Frequency

cathode current of the correspond-
ing triode in the four-phase oscil-
lator. With a cathode current of
10 ma through the crystal the r-f
resistance is very low. Thus one
circuit is completed while the other
three circuits are virtually open
due to the slight back voltage across
the diodes.

The input of the receiver (the
grid of the second 61.7) sees the coil
voltages combined with the sense
antenna voltage, which is electron-
ically coupled to the receiver
through its own series of input
transformers.

Receiver

The receiver is =2 three-band
superheterodyne covering 200 to
1,700 ke with an average sensitivity
of about 1.5 uv. The receiver sensi-
tivity is a compromise which seems
to give the best overall performance
of the system.

Two i-f channels are used, one for
direction finding and one for audio.
A special winding on the frequency-
control pulse-generator transformer
is used in conjunction with a clip-
ping circuit to form a negative
pulse on the grid of the audio i-f
tube, which causes the tube to cut
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range of the receiver is 200 to 1,700 kc in three bands and the average sensitivity is

1.5 microvolis,

off momentarily during the transi-
tion period of switching, permit-
ting audio reception simultaneously
with direction-finding.

The direction-finder channel
feeds into a rectifier, which in turn
provides a d-c bias voltage to the
SC39F voltage amplifier, varying in
amplitude at the same ratio as the
fluctuations in signal voltage ap-
plied to the receiver.

Output Switching

Four type 2D21 thyratrons with
identical load resistors and common
cathode connections through an in-
ductance form the output switch.
The voltage across the common
cathode inductance caused by cur-
rent flow through one of the thyra-
trons is sufficient to bias the other
three thyratrons to cutoff.

Top view of direction-finder chassis
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Two i-f's are used, one for direction finding and one for audio

Output switching is accomplished
as follows: A winding on the
frequency-control pulse generator
transformer supplies a momentary
negative pulse (positive pulses are
clipped by the 12AL5) to the grid
of the d-c¢ voltage amplifier. This
causes the SC39F to cut off, remov-
ing anode potential from the con-
ducting thyratron, thereby deioniz-
ing it. Stimultaneously, the grid
of the following thyratron is driven
more positive, permitting ioniza-
tion by virtue of the reduced grid
bias resulting from the correspond-
ing four-phase oscillator triode’s
conducting.

Indicator

The indicating meter is essenti-
ally a four-terminal differential-
potential instrument similar to a

Indicater is mounted on instrument panel
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ratiometer. It is angularly re-
sponsive to changes in polarity and
current.

Four stationary coils are posi-
tioned around the periphery of
an Alnico permanent-magnet rotor
which is transversely magnetized.
Rotor and pointer have jeweled
pivots, minimizing hysteresis losses
to a point where one quarter of a
degree bearing changes will be fol-
lowed by the indicator. Also a cop-
per tube placed very close to the
magnetic rotor induces eddy cur-
rents which create . mechanical
damping.

Opposite coils are connected in
series, and potentials applied to the
four terminals (Fig. 1G) cause an
angular displacement of the indi-
cator pointer.

The meter is connected to the
four load resistors in the cathode
circuit of the SC39F tube. Four
40-uf capacitors across the load re-
sistors and 250-uf capacitors across
the instrument coils adequately
damp any pulsations of the meter
pointer due to modulation or
transients.

The equipment includes an S
meter to facilitate tuning. All ap-
paratus, other than the loop and the
indicating meter, is encased in a
unit 7% inches wide, 6% inches high,
and 14% inches deep. A view of the
chassis is shown .in the accompany-
ing photograph. The components
at the left of the chassis photo-
graph form the vibrator power sup-
ply and the four-tube output switch.
The r-f portion is at the right (the
front of the chassis) and the block-
ing oscillator transformer unit is
mounted underneath the chassis
(not visible).

The equipment described is the
result of extensive research and
flight testing. If the signal is audi-
ble in the receiver earphones, the
circuit will give a direction indica-
tion. A field strength of 5 pv per
meter is sufficient for one-degree
accuracy.

The system is, of course, subject
to the usual skywave difficulties;
and, as in most aircraft instru-
ments, the plane itself introduces
distortion of the field and a correc-
tion chart must be referred to for
accurate bearing readings. The in-
strument is intended primarily for
itinerant aircraft.
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FIG. 1—Block and circuit diagrams for rectilinear waveformer.

Figure 1C shows

linearity of response to mask height

By DAVID E. SUNSTEIN

Research Division

FIG.

2—Commercial oscilloscope con-
verted to a waveform generator

Photoelectric

Philco Corporation
Philadelphia, Penn.

NNUMERABLE APPLICATIONS may
be found for an instrument cap-
able of generating a diversity of
waveforms. Likewise there is a
universal need for a readily repro-
duceable nonlinear circuit ele-
ment. It should have a high
degree of accuracy and be capable
of outputs over a wide range of fre-
quencies. Such a device is the four-
terminal instrument described here.
The Photoformer, as it is called
since it generates waveshapes
through the use of a cathode-ray
tube and phototube, is fed with a
sawtooth voltage of the desired
frequency. This sawtooth voltage
causes the cathode-ray tube spot to
sweep horizontally, and a phototube
viewing the screen, in conjunction
with suitable amplifiers, causes the
spot to vary vertically to conform
to the contour of a paper mask
which is fixed to the cathode-ray
tube screen. The output voltage
waveshape will be a replica of the
shape of the paper mask used.
When used as an arbitrary non-
linear four-terminal network, the
cathode-ray tube beam is deflected
by the input, and the input-output
relationship is governed by the
edge of the mask used.
Essentially the device functions
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degeneratively so that variations
of cathode-ray tube brilliance,
phototube sensitivity, and the gain
of any amplifiers employed have
negligible effect on the trans-
fer characteristic. The device is
limited in response time by con-
ventional bandwidth considerations
and may readily be made to have
rise times of 10 microseconds or
less. Circuit refinement, with the
best of present-day tubes, permits
the achievement of rise times of
less than 2 microseconds.

Principle of Operation

The basic elements of the instru-
ment are shown in Fig. 1A. The
cathode-ray tube is initially ad-
justed to provide a spot centered
near the top of the cathode-ray tube
face. The phototube views light
emitted from anywhere on the
cathode-ray tube face except those
regions which lie behind the mask.

The output of the phototube is
connected through suitable ampli-
fiers to the vertical deflecting plates
of the cathode-ray tube. Thus
changes in light intensity at the
phototube cause changes in the ver-
tical height of the spot on the
cathode-ray tube. Such changes in
spot height may cause further
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change in light on the phototube.
The feedback loop formed in this
manner is phased so that increas-
ing light on the phototube causes
the spot to move downward, and if
the gain around the feedback loop
is sufficiently great, this motion
continues until a substantial frae-
tion of the light from the spot is
hidden behind the mask. At this
vertical position equilibrium is
maintained. If the mask is in close
juxtaposition to the plane of the
phosphor, or if the plane of the
phosphor is imaged by a suitable
lens into the plane of the mask, then
small changes of spot height away
from the equilibrium position tend
to cause large changes of light on
the phototube. Therefore the spot
will always reach equilibrium very
nearly at the height of the mask.
If the deflection sensitivity of the
cathode-ray tube is independent of
beam height, which is ordinarily
the case, the output voltage is pro-
portional to spot height. Further-
more, since the spot height is very
nearly the height of the mask, the
output voltage will likewise be sub-
stantially proportional to the mask
height at any instant of time after
equilibrium has been established.
The time to establish equilibrium
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FIG. 3—Typical waveforms and the masks used. Top row shows square wave at recurrence frequencies of 75, 5,000 and
16,000 cps. Repetition rates of the more gradual shape shown on bottom row are 75, 1,200 and 4,300. Note small distortion

Wavetorm Generator

Through the use of simple paper masks fixed to the screen of a cathode-ray tube, this

instrument is capable of producing practically any shape waveform with good accuracy

over a wide range of frequencies. A few of the many possible applications for such a
device, other than as a waveform generator, are discussed

and the exact height of the spot at
which equilibrium is obtained will
be determined from conventional
feedback criteria. It is apparent that
the duration of the transient prior
to establishment of equilibrium is
determined by the total delay time
around the feedback loop. This
delay time includes the decay time
of the phosphor cascaded with the
delay time through the amplifier
and phototube. If short rise times
are desired in the output, this total
time delay must be short. Phos-
phors which exhibit short decay
time, in order of decreasing persis-
tence, are P1, P11, P5 and P15. By
using P5, it is possible to provide
rise time in the output circuit of
less than 10 microseconds, which
corresponds to a high frequency
cut-off of approximately 150 ke.
Likewise, the degree of accuracy
with which the center of the spot
coincides with the mask height is
determined in the static case by the
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gain around the feedback loop. For
loop gains on the order of 40 db or
greater, the position of a given
portion of the spot (such as its
center) will generally coincide with
the mask displacement to an ac-
curacy better than = 1 percent.

The input signal is applied to
deflect the spot horizontally. If
the input signal varies slowly, the
spot will come to equilibrium at the
height of the mask corresponding
to the horizontal position to which
the spot is deflected.

Since horizontal spot displace-
ment is nearly proportional to hori-
zontal deflection voltage applied as
input, and since output voltage is
proportional to vertical height of
the mask, the output voltage bears
a relation to the input voltage sub-
stantially identical to the relation-
ship between the vertical height of
the mask and the horizontal dis-
tance measured along the mask.
Thus, it is evident that any desired
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single-valued transfer character-
istic is provided once a simple opti-
cal mask is made of the desired
characteristic.

Typical Operating Circuit

These fundamental principles
have been applied in the apparatus
shown in Fig. 2. Here a com-
mercial oscilloscope is provided
with an auxiliary light-shielded
phototube and an amplifier. The
schematic of the waveform-gener-
ating portion of the circuit is
shown in Fig. 1B.

The output voltage obtainable
from this system may be expressed
in terms of the vertical height of
the mask. When the mask is in
close juxtaposition to the phosphor,
the output voltage is given directly
by the vertical deflection sensitivity
of the cathode-ray tube times the
mask height corresponding to the
horizontal distance at which the
spot has been deflected by an input
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signal. Qutput voltages of approxi-
mately 50 volts per inch of mask
height are typical.

A linearity characteristic was
measured with the circuit of Fig.
1B, using the physical apparatus of
Fig. 2 so arranged that the mask
could be moved by a micrometer.
The output voltage was found to
vary with mask height as shown
in Fig. 1C. In taking the data
plotted in Fig. 1C a meter having
an accuracy of 0.5 percent was used
to read the output. Departures
from linearity on the curve are of
the order of magnitude of the pos-
sible meter calibration error, hence
output is linearly related to mask
height to within the commercial
tolerance of highly precise meters.

In the dynamic case when the
spot is deflected rapidly in the hori-
zontal direction and caused to track
a mask in the vertical direction, the
output may depart from the proper
value corresponding to the mask
height.

Typical waveshapes generated
are shown in Fig. 3. The top row
shows the result when a square
wave is traced from left to right.
The square-wave mask is shown at
the left. Because the vertical feed-
back amplifier passes the d-c¢ com-
ponent, there is no droop of the
horizontal portions of the square
wave at any recurrence frequency.
The square-wave outputs shown
are for recurrence frequencies of
75, 5,000, and 16,000 cycles per
second. The rise and fall times are
each approximately 10 micro-
seconds, with an overshoot of about

3 percent initiating a decaying 170-
ke shock-excited transient. The
bottom row of Fig. 3 shows the gen-
eration of a more gentle wave.

Recurrent Wave Shapes

Using rectilinear coordinates, it
is apparent that one cycle of a re-
current wave may be generated as
the spot is deflected horizontally at
constant writing speed, but to gen-
erate a second cycle it is necessary
to restore the spot to its initial
horizontal position. For this pur-
pose a sawtooth voltage may be
used as the horizontal signal. Dur-
ing the retrace time the system will
try to generate a complete cycle of
the wave in a very short time. This
tends to cause a pip in the recur-
rent output waveshape, the pip oc-
curring at the time of retrace.

If this pip is undesirable it can
be eliminated by clamping means
during the retrace cycle or more
simply by use of a retrace time
which is negligible compared to
the response time of the Photo-
former. The size of the pip is de-
pendent upon the brilliance of the
cathode-ray tube spot and any other
factor which affects the gain
around the feedback loop, since a
change in the magnitude of the loop
gain affects the response time. By
adjustment of the loop gain and by
proper choice in phasing of the
cycle presented on the mask it is
possible to render the pip negligible
in most instances without resorting
to clamping means.

For applications where a retrace
pip is objectionable, an arrange-

ment using polar coordinates has
been developed. A block diagram
appears in Fig. 4A. The spot is
deflected circularly at a constant
angular rate by applying sinusoidal
waves in quadrature to the deflect-
ing plates. The time axis in polar
coordinates corresponds to the an-
gular coordinate. A mask is em-
ployed in which the radial distance
to the edge of the mask varies with
the angular coordinate in accord-
ance with the time variation of the
amplitude of the desired wave
shape. The spot is made to trace
the edge of this mask by permitting
light from the spot as it arrives at
the phototube to deflect the spot
radially towards the mask, For
this purpose a cathode-ray tube
with a radial deflecting electrode is
used.

In this arrangement, after gener-
ation of one cycle of the wave the
spot is ready to generate a second
cycle without being suddenly
brought to a new position, hence
continuous recurrent functions may
be generated without a recurrent
pip at the start of each cycle.

In general it will be found that
the radial deflection of the spot
varies with the voltage applied to
the radial deflecting electrode in a
nonlinear manner. The polar coordi-
nates to which the waveshape is
drawn will therefore have a non-
linear radial axle. This nonline-
arity is dependent on the geometry
of the cathode-ray tube and can be
expected to be quite stable so that
once a mask is drawn taking into
account this nonlinearity, the wave-
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102

FIG. 5—This phase splitter provides quadrature sine waves for circular sweep used in
polar coordinate unit. The phase shift imparted by the top channel differs from that of
the bottom by about 90 degrees for frequencies between 100 and 5.000 cps
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shape generated is an accurate rep-
lica of the desired waveshape.

In order to provide a circular
sweep over a wide range of input
frequencies, a phase splitter has
been employed as shown in Fig. 5.
This phase splitter feeds the input
signal into two channels each of
which uses a simple phase distor-
tion network of unity gain. Such a
network is shown in Fig. 4B along
with its phase response. Over a
wide range of frequencies the phase
shift varies linearly with the log-
arithm of frequency. By cascading
two such networks having different
time constants it is possible to in-
crease the frequency range over
which this linear relationship holds.

In one channel of the phase split-
ter of Fig. 5 two networks are em-
ployed, one with a quadrature point
selected at 8,000 cps and the other
at 400 cps. The second channel of
Fig. 5 contains an additional pair
of phase-shifting networks whose
phase shift varies linearly with
logarithm of frequency. The time
constants of these networks pro-
vide quadrature shifts at 1,500 and
75 cps. With this set of time con-
stants, the phase shift imparted by
the second channel differs from
that of the first channel by 90
+ 9 deg for any frequency from
100 to 5,000 cps.

Applications

Below are described a few of the
innumerable applications of this
instrument:

Volume Compressor-Expander
Combination—By employing the
compression transfer characteristic
as in Fig. 6, the dynamic range in
the output is reduced instantane-
ously over that of the input. Such
a compressed signal may be fed
over a network having limited
amplitude capabilities into an in-
stantaneous volume expander (ex-
pansion curve). The curves in
Fig. 6 are so chosen that the overall
transfer characteristic is linear.

Fourier Analyzer—If the instru-
ment is employed to generate an
arbitrary wave from a curve of that
wave, and if the output is fed to a
wave analyzer or spectrum ana-
lyzer, then the Fourier transform
of any given curve may be in-
stantly obtained.

Synthetic Speech Generator—By

ELECTRONICS — February, 1949

FIG. 6—A typical compression-expansion
characteristic combination

employing a plurality of masks with
various speech waveforms it is pos-
sible to generate the various sounds
required for intelligible audio com-
munication. By manipulating these
masks manually through a suitable
keyboard and by controlling the
rate of horizontal sweep, intonation
and syllabification can be provided
to closely approximate actual
speech.

Musical Sound Generator—For
this purpose a plastic deformable
mask can be employed which the
musician shapes in accordance with
the desired sound.

Frequency Modulator—By send-
ing an input signal to be modulated
in the form of a transverse vertical
vibration along an opaque wire and
by using the wire as a mask it is
possible to provide an output which
is a replica of the input but which is
delayed in time in accordance with
the horizontal displacement of the
pickup spot by a modulating input
signal. In this manner the signal
to be modulated can be a complex
wave.

Speech Serambler—By providing
an input signal to be scrambled in
the form of a transverse vibrational
wave along the wire as in the fre-
quency modulator, and by employ-
ing a scrambling wave to displace
the pickup point of signal along the
wire according to a regular or arbi-
trary shape, the components of the
speech output may have their vari-
ous time coordinates thoroughly
scrambled.

Bandwidth Compressor—By em-
ploying apparatus similar to that
described above for a frequency
modulator, the bandwidth required
to transmit certain types of intelli-
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gence may be reduced below that
normally required. For example,
when the intelligence to be trans-
mitted is in the form of a picture
having many areas of relatively
constant illumination, the time re-
quired to transmit data on these
areas by scanning may be reduced
by causing these areas to be
scanned more rapidly. Similarly,
areas of the picture in which sudden
changes in intensity take place may
be scanned more slowly, thereby in-
creasing the time required for
transmission of sudden discontinu-
ities and decreasing the time re-
quired for transmission of uni-
formly illuminated areas. The effect
of this is to reduce the maximum
frequency required for transmis-
sion of the picture without affect-
ing the total time of transmission
of the picture.

General Nonlinear Device—Mul-
tiplication or division of two
unidirectional voltages may be
achieved by employing two Photo-
formers to take the logarithms of
both voltages. A third may be em-
ployed to take the antilogarithm of
the sum or difference of the two
logarithm voltages, thereby provid-
ing an output which is the product
or quotient of the two input signals.

Linearizer—1It is possible to cor-
rect for any nonlinearity that might
appear in a communications pro-
cess. For example, in recording
sound on film by variation of the
density of the film in accordance
with the sound amplitude, a critical
part of the process is the obtaining
of a linear relationship between the
film density and the input sound in-
tensity. If a Photoformer is em-
ployed at either the input to the re-
cording apparatus or at the repro-
ducing apparatus, any nonlinearity
in the density-versus-exposure curve
may be accurately and quickly cor-
rected, to provide an overall dis-
tortion-free linear system. A flat
frequency characteristic should be
included between the distortion pro-
ducing apparatus and the distor-
tion-correcting unit.

The author expresses his appre-
ciation to E. S. Brotzman, M. T.
Bagley, R. D. Brown, W. E. Brad-
ley, W. Miehle, E. Freyer and the
many others who took part in the
development of the unit and the
preparation of this paper.
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Capacitor-Discharge
Recorder Applications

Discussion of various recorder circuits incorporating capacitor-discharge networks.

Noted are advantages and disadvantages of each type for various applications. Theory

and operation of circuits and components are explained

APACITOR - DISCHARGE  instru-
ments, both indicating and
recording, have been found ex-
tremely valuable for measuring
wind speeds, and for determining
the short-term average rates of
similar variable phenomena.

The basic instrtiment’, shown in
Fig. 1A, was originally intended
for meteorological use, but recent
experimentation with it has led to
the development of a large number
of derivative instruments, some of
which have possible applications in
many fields. Several of the more
practical derivatives are discussed
herein.

Relayless Instrument

Search for a very simple circuit,
having no moving parts or contacts
interposed between the instrument
head and the meter, led to the de-
velopment of the relayless circuit
shown in Fig. 1B, which works sat-

By RONALD L. IVES

Department of Geography
Indiana University
Bloomington, Indiana

isfactorily through a very limited
range of input frequencies, but
indicates when it is “beyond its
depth.”

Constants are chosen so that C,
just attains 99.9 - percent of full
voltage during the open phase of
the shortest contacting cycle to be
measured. Also, the current during
the longest closed phase likely to oc-
cur should not damage the meter.
Capacitance of C. is normally sev-
eral hundred times that of C..

When the anemometer contacts
of this device are open, C, charges
from the battery FE, its rate of
charge being determined by cir-
cuit constants. When the anemome-
ter contacts close, C, discharges
through R., initial discharge being

Simple Instrument:

from patent log

With Maximeter Attachments:

With Auxiliaries:

PROVEN APPLICATIONS

Measuring and recording of average wind speeds from contacting anemom-
eter, rates of rainfall from tipping-bucket roin gauge, average stream flow

Simple Instrument with Auxiliary Infeed:
Measurement and recording of radioactivity disintegration rates, and
average number of static bursts during thunderstorms

Indication of maximum or minimum value of any of the above

Operation of secondary devices when any of the above variables {(or similar
phenomena) exceeds a given rate
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directed into C. by L. As the circuit
stabilizes, current flow follows the
instrument circuit, L—R,, until the
anemometer contacts open. Charge
remaining on C, drains off through
the instrument circuit.

With a recording instrument in
the circuit the trace,'at very low
frequencies, consists of widely-
spaced asymmetrical sawteeth. As
the frequency is increased, the saw-
teeth decrease in separation and
amplitude, eventually becoming a
smooth curve of low amplitude.
Further increase in frequency pro-
duces a smooth curve of higher
amplitude, which reaches a maxi-
mum value at some specific fre-
quency, and then falls off again as
the frequency is still further in-
creased.

Useful range of the instrument
is the central portion of the smooth
curve, from the first minimum to
the first maximum. Because aver-
age current through the instru-
ment is a combined function of
frequency, contacting cycle, and
circuit constants, calibration by cut
and try is preferable to calibration
by the somewhat involved formula
necessary.

In some instances, a subsidiary
resistor between L and R, (Fig. 1B)
will be found desirable in the in-
strument circuit.

In practice, this instrument cir-
cuit can be sealed against corrosive
fumes, and has both small bulk and
low cost. However, the lowest fre-
quency indicated with substantial
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FIG. 1—In (A) the instrument current is
nearly a linear function of relay rate.
A relayless version is shown in (B)

correctness is about one fifth the
highest frequency that can be
shown, in the general range from
five cycles per minute to ten cycles
per second.

Limit Indicators

When a specific indication is
needed as the impulse rate passes a
given predetermined limit, whether
high or low, a suitable rate-con-
trolled indicator is produced by in-
serting an instrument-type relay
such as a Weston in series with, or
in place of, the instrument in Fig.
1A.

Suitable correction of the load
resistance value (Ry or of other
circuit constants, is necessary to
retain calibration, which is deter-
mined from the formula:

1,000C, F E»
“T1¥CFEa
in which I is instrument current
in milliamperes, B, the instrument
resistance in ohms, C, the capacity
of impulse capacitor in farads,
E, the battery voltage, and F the
number of impulses per second.

Simplest form of such a limit in-
dicator is shown in Fig. 2A. This
arrangement is suitable for port-
able or mobile installations, or
where local power supply is limited
or erratic. Coupled to a multipole
relay, this indicator can besused to

In
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FIG. 2—Severa] limit-indicator circuits. Simple indicator in (A) is ideal for mobile
installations, or where local power supply is limited or erratic. The other circuits are
designed for use with triodes and thyratrons

switch in and out a multiplier in
the recorder circuit®®,

Because an instrument-type re-
lay has little power-handling abil-
ity, the circuit of Fig. 2B was de-
veloped. Here, the instrument-type
relay throws the grid bias 'of a vac-
uum tube from definitely negative
to strongly positive, so that the
plate current of a triode can be in-
creased by a factor of as much as
50, and that of a thyratron by a
factor many times greater.

Where very large loads are to be
controlled (kilowatts), use of the
first tube as a buffer, which oper-
ates a power thyratron through a
simple cathode follower connection,
is usually desirable.

The function of the resistors R
and Rs. in this circuit is to limit
currents in the grid circuit to safe
values. If these resistors are
omitted, contacts of the relay may
be damaged by circulating currents
from bias supply and grid.

With a conventional instrument-
type relay, it is possible to have
three control ranges—below mini-
mum, between limits, and above
maximum (as in Fig. 2B). Because
these three ranges can be electric-
ally independent, or can be inter-
locked in many different ways, a
wide variety of automatic control
devices can be operated.

_annmeamericantadiohistory com

Elimination of the relay, by use
of a direct connection to the grid
circuit of a vacuum tube, is pos-
sible, as in Fig. 2C. Adjustment of
the magnitude and polarity of the
grid bias with respect to the poten-
tial across C, permits a very wide
range of control possibilities. If a
thyratron is used in this arrange-
ment, with a-c on the plate, an elec-
tric clock can be operated in the
plate circuit, giving a record or
indication of the duration of values
beyond the predetermined limits.
This is shown in Fig. 2D. Many
electric clocks function perfectly on
half-wave-rectified 60-cycle current,
but operation may be improved by
use of a small inductor and capaci-
tor to modify waveform.

Quite obviously, use of a vacuum
tube alone in the output of a capaci-
tor-discharge circuit requires fewer
components than does the relay-
vacuum tube arrangement. Very
careful choice of the grid resistor,
R, is necessary, however, or the
voltage drop across R, due to grid
conduction will modify the charge
on C, sufficiently to produce a spuri-
ous record or indication.

Since characteristics of a vacuum
tube change with age, greatest con-
sistency of operation is usually
obtainable from a relay-vacuum
tube arrangement. However, where
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Circuit operating conditions make
a thermionic input essential, and
high consistency of operation is re-
quired, a two-step control is usually
satisfactory. This consists of a
long-life -tube, such as a telephone
repeater, with the grid connected
as in Fig. 2C. This tube controls a
power tube, such as a thyratron,
by means of a conventional cathode-
follower connection.

When measurement of the time
elapsed since a predetermined limit-
ing value was passed is desired, a
push-pull plate supply circuit for a
single thyratron may be used, as in
Fig. 8. Once the thyratron is
started, the plate current flows con-
tinuously until the circuit is inter-
rupted or reset. The electric clock
in one leg of the full-wave rectifier
circuit indicates time lapse. The
other leg, in conjunction with a
small filter (L,—C;) acts as a keep-

CLOCK
s

C

= GAS

=< RECTIFIER:
Zrs

CONTROLS

_ .

FIG. 3—Circuit for non-stop thyratron op-
eration of electric clock for measuring time

between occurrences of limiting values

alive. The filter need only be large
enough to carry the thyratron for
about 0.006 second immediately
after the half cycle during which
it is charged. Too large a filter will
introduce undesired time-delay into
the clock ecircuit.

Maximum Values

Many methods of determining
the maximum value attained by a
variable electrical phenomenon are
known and in common use. Perhaps
the simplest of these is the use of
a dead hand on any standard indi-
cating or recording instrument.
This is pushed upward by the regu-
lar instrument pointer or pen, but
cannot return to a lower position
until it is reset.

Maximum value attained during
any one of a number of sequent
equally-spaced time intervals can be
determined by use of a combination
of stepping switches and time-in-
terval units, although the installa-
tion becomes very large and in-
volved when three significant fig-
ures are required’.

Determination of the maximum
value attained by a variable elec-
trical phenomenon during a con-
tinuously shifting time interval is
a more involved problem of which
one phase, the continuous recording
of the short-term mean value, is ac-
complished by use of the Grinnell
recorder (Fig. 1A), or a similar
capacitor-discharge instrument.

When two capacitors are linked
by a diode, as in Fig. 4A, charges
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FIG. 4—Maximeter circuits for determining maximum charge attained by C, in terms
of time units
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can be transferred in plate to cath-

ode direction only whenever a suffi-
cient potential difference exists. In
consequence, voltage across C; will
be the maximum voltage attained
by C. less transfer drop (negligible
for a high-vacuum diode, finite and
not negligible for a gas diode.)
If it is assumed that leakage in the
second capacitor has been negligible
during the time interval under con-
sideration, maximum charge at-
tained by C, during that same inter-
val can be evaluated by measuring
the charge on C..

This measurement is accom-
plished by recording the time neces-
sary for the potential across C. to
drop from its unknown value to a
predetermined low value. This time
can be found from:

Egs

T = 2 303 RC; logm ED

T
logio Ec¢s = logio Ep + S RORG.

where F¢ = charge on C; = I R,
less diode drop (E¢s > E,) for high-
est value attained by I, during in-
terval under consideration, E, is
the drop-out voltage of relay, T the
time in seconds, R the discharge re-
sistance in ohms and C, the capac-
itance in farads.

A circuit arrangement similar to
Fig. 4B, using an instrument-type
relay, is suitable. In this instance,
R of the formula is the resistance
of the relay coil.

A somewhat more elaborate ar-
rangement, using a thyratron, is
shown in Fig. 4C. Here, R of the
formula is the total effective re-
sistance of the grid circuit, which
must be high enough, in the grid-
cathode leg, to reduce the effects of
grid. conduction to a negligible
value, Where high precision, or
great power-handling capacity, is
required, the necessary grid resis-
tance, Rgs + Rgx, is usually-too high
to permit adequate operation of the
thyratron, so that use of a buffer
tube will be desirable or necessary.
Coupled to a printing clock (such as
a Stromberg timer), this general
arrangement is ideal for full auto-
matic and unattended operation.

Operating theory is quite simple.
When the switch is in the L posi-
tion (Fig. 4), C, receives charge in-
crements from C, through the di-
ode whenever the charge on C.
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FIG. 5—Capacitor-discharge instrument adapted for kick-coil or

flyback operation

exceeds its previous high value.
When the switch is in the R posi-
tion, C, discharges through a re-
sistance of known value, to a known
drop-out value, and operates a
timer by means of a relay or vac-
uum-tube circuit. From the elapsed
time of discharge, the initial volt-
age on C; may be found, and hence
the maximum charge attained by
C..

Attainable accuracy, which can
be quite high, is limited by the leak-
age characteristics of C.. In prac-
tice, the capacitance of C, is very
small relative to that of C. (0.5 pf
and 2,000 pf, for example), so that
the charge transferred from C. to
C, by the diode is smaller than the
discriminatory threshold of the re-
cording or indicating instrument
(indicated by R, is use. Although
a dry electrolytic capacitor func-
tions satisfactorily in C, position
(after due aging), a high-grade im-
pregnated paper capacitor is essen-
tial at C,. With direct thyratron op-
eration, the circuit may behave er-
ratically in some ranges: if a buffer
tube is used, calibration by formula
is satisfactory in most instances.

Combined Values

Determination of the sum and
difference of the rates of a number
of compatible variables, and of some
higher functions of their values, is
theoretically possible by combining
the outputs of two or more capaci-
tor-discharge instruments. This
principle has been applied success-
fully to determine the average of a
number of simultaneously-measured
wind speeds’. Because the funda-
mental capacitor-discharge circuit
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FIG.

6—Fundamental circuit for linear capacitor—discharge

instrument in which charge increments are equal

(Fig. 1A) is only approximately
linear, only a narrow range of
values can be combined with any
hope of obtaining a usably accurate
answer.

Modifications of the fundamental
circuit to produce one of better
characteristics were attempted, and
several workable instruments re-
sulted. The relay was eliminated,
with no impairment of circuit func-
tions, as in Fig. 1B, by adapting it
for operation from the inductive
kick, or flyback, of an isolating
transformer, which also reduced
troubles due to line noises and
static. This circuit, operation of
which has been described elsewhere,
is shown in Fig. 5°

This arrangement is adjusted so
that C, is charged from the regu-
lated power supply when the ane-
mometer circuit closes, and the
charge is transferred to C. when
the primary circuit opens. Except
for transfer drops, which are con-
stant, the formula is the same as
that for the relay-operated device.

By inserting a triode in this cir-
cuit, so connected that its plate cur-
rent is an inverse function of the
voltage across C., as in Fig. 6, the
input voltage of C, is made a con-
stant plus that on C, so that the
charge transferred from C, to C. is
the same at all frequencies.

This is accomplished by passing
the current from the averaging
capacitor, C, through the instru-
ment, R;, and then through another
resistor, R, Current through the
instrument circuit is a function of
the charge on C.: hence drop across
R. is also a function of this voltage.
This potential is applied to the grid
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of a triode, operated in the linear
portion of its characteristic, so that
its plate current is inversely pro-
portional to the current in the meter
circuit. When a resistor of suitable
value (R.) is inserted in the plate
circuit between the voltage regula-
tor and the upper thyratron plate
the drop across R, due to the plate
current of the triode, equals a con-
stant minus the potential across C..
Because, in transferring its charge
to C., C, discharges only until the
potentials across the two capacitors
are balanced, charge increments ap-
plied to C. are diminished in poten-
tial by that already across C, and
the cireuit is nonlinear if the charg-
ing voltage is constant.

In the modified circuit (Fig. 6),
the charging voltage is no longer
constant, but is increased in poten-
tial by the voltage already on C, (by
means of the triode), so that the
charge increments applied to C. are
always equal, within the range of
the instrument, regardless of the
frequency. The circuit characteris-
tic is thus linear, as may be sub-
stantiated by a mathematical analy-
sis.

In this circuit, range of theo-
retical linearity is limited only by
the length of the straight-line por-
tion of the triode characteristic.
Practical limitations, however, are
considerably greater, particularly
at the higher frequencies. The
charging of C; through R and R,,
takes an appreciable (but short)
time. So that C, will not be charged
backwards by the voltage drop
across R, during this time, the diode
is necessary. This introduces an er-
ror into the lower part of the in-
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strument curve, due to the toe at
the base of the diode E,—I, curve;
and also imposes a current ceiling
at the top of the curve. An addi-
tional source of nonlinearity is in-
troduced by the action of the diode
because C. does not discharge con-
tinuously through the meter, but is
partially out of circuit, so far as
the instrument (R,) is concerned,
while C, charges. This effect is
usually negligible, and can be com-
pensated for, in any part of the
instrument range, but not in the
entire range, by modifying the con-
stants of the triode circuit. A bet-
ter compensatory procedure is to
increase the charging voltage and
decrease the capacitance of C,. This
is theoretically and practically
sound because the charging time in-
creases as the log of the applied
voltage, but varies directly as the
first power of the capacity.

A number of variations and
parallels, mostly designed for
higher frequencies but applicable
with modification to lower frequen-
cies, have recently been outlined
by Easton and Odessey’, with a
mathematical description of their
behavior. It is interesting to note
that the same formulas apply in
the range of kilocycles per second
and that of cycles per minute.

Practical tests show that a cir-
cuit of this type (Fig. 6), con-
structed with  over-the-counter
components, is linear within about
0.5 percent through a frequency
range of about 30 to 1; that the lin-
earity falls off considerably if the
range is extended; and that the en-
tire circuit is subject to drift as the
triode ages. Frequency range may
be extended considerably, in some
instances, by use of a suitably-con-
nected tetrode in place of a triode,
but drift and other changes in the
tube characteristic offset much of
the apparent gain. The function of
C, in this circuit is as a damping
device to prevent a kick in the in-
strument trace during the time that
C, is charging. TIts value is usually
quite small, a 0.5-uf capacitor across
a 1,000-ohm, 0-1 ma Esterline-
Angus milliammeter being more
than adequate.

Sum and Difference

Outputs of a number of linear
circuits may be fed into one indi-
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cating or recording instrument to
produce a sum or average, using a
circuit such as Fig. TA. Any num-
ber of inputs, within reason, may
be used. The sum is read directly
on the instrument, after suitable
calibration.  Average value is
found by dividing the recorded or
indicated sum by the number of in-
puts actually in operation; by use
of a new calibration; or by suitable
shunting of the instrument.

If two linear capacitor-discharge
instruments are connected back to
back, the voltage between the two
diode cathodes is the difference be-
tween the drops across their load
resistors. From this voltage, and
its polarity, the difference between
the two input frequencies may be
determined. Theoretically, the load
resistors can be omitted, but in
practice this is undesirable, for the
constant voltage (the lower value)
will accumulate, eventually raising
the voltage across both capacitors
to the supply value, if the capaci-
tors do not puncture first. For this
reason, R, and R, are essential.
These, in many applications, may
consist of the moving coils of a
differential instrument; or even the
paired coils of a ratiometer (such
as the Sensitive Research Model
RA). When the meter is connected
from cathode to cathode, as in Fig.
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7B, it is in a bridge circuit, and
can be calibrated by standard form-
ulas.

When only a same or different
indication is needed, or the two
values to be compared are nearly
alike, use of a linear circuit is un-
hecessary, and entirely satisfactory
frequency matches can be obtained
with the simpler nonlinear instru-
ment.

Conclusions

Practical tests with various
capacitor-discharge instruments,
most of them arranged as recorders,
indicate the following:

For overall simplicity, and for
field use where power supply is
limited, the relay-operated non-
linear instrument (Fig. 1A) is
ideal.

For maximum dependability, and
for field use where there is a reas-
onably good source of power, the
kick-coil or flyback design (Fig. 5)
is very satisfactory.

For maximum linearity, use of
the linear capacitor-discharge cir-
cuit is indicated.

For most purposes, auxiliary de-
vices employing an instrument-type
relay are preferable to those con-
trolling a grid directly.

Tests of various forms of capaci-
tor-discharge equipment, indicate
that the instrument and its deriva-
tive devices have a definite place in
the field of instrumentation, partic-
ularly in the low-frequency range,
and for the measurement of func-
tions that are not uniformly spaced
in time. Because of its general
flexibility, the instrument can be
adapted readily for many uses.
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Feedback Improves
Response of D-C Amplifier

Frequency response of a modulation type direct-current amplifier having high gain is
made more linear by negative feedback. Gain and feedback controls are ganged to make

response independent of amplification. The instrument amplifies low currents sufficiently

to drive recording meters

EGATIVE FEEDBACK, as usually
N applied to amplifiers, im-
proves their frequency response,
linearity and stability. These
benefits can be obtained in direct-
current amplifiers as well as in the
more common a-¢ types. Because
d-c amplifiers are used as essential
parts of precision equipment, the
improvements obtained by using
negative feedback with them are
especially desirable.

Carrier Type Amplifier

The d-c amplifier to which nega-
tive feedback has been applied is a
modification of one developed sev-
eral years ago. The first model
was built to meet the need for a
compact, portable instrument, that
would detect minute currents from
low-energy sources.

The operating principle of the
amplifier is the conversion of the
d-¢c input signal into ac by a
mechanical breaker, stepping this
a-c up by a transformer, amplifying
it with several vacuum-tube stages,
and finally rectifying it with a
second Dbreaker driven synchro-
nously with the input breaker. De-
signed to operate with a 5 to 20-
ohm input source, the amplifier is
capable of measuring direct poten-
tials between 0.01 microvolt and 300
microvolts.  Applications of this
amplifier to infrared spectroscopy’,
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By JOSEPH F. LASH

Research Laboratories Division
General Motors Corporation
Detroit, Mich.

and medical research’® have been
described.

The modifications incorporated in
the latest model to make it a more
useful laboratory tool consist of (1)

an input signal attenuator to permit
using the amplifier with larger sig-
nals, (2) a fourth stage of amplifi-
cation to increase gain and output
power, (3) a filter to smooth the

To avoid thermal disturbances, low-impedance input is completely connected with
the same type of copper wire. Rigidity and compactness add to instrument’s utility

wWWwwWeamericantradiohistorv.com

109


www.americanradiohistory.com

TESY
MICROVOLTS

VERMIER
[T

Flexibility of the d-c amplifier is enhanced by incorporating several controls.
control operates within the feedback loop.

pulsating d-¢ from the output
breaker, thus permitting direct con-
nection to modulation-type record-
ers, (4) a negative-feedback circuit
to improve performance and (5) a
means of limiting the output to
protect meters and recorders.

Arrangements of Inputs

Figure 1 shows a wiring diagram
of the amplifier. Low-level signals,
introduced at P,, are applied alter-
nately 75 times per second across
the two halves of the input trans-
former, which presents a 5-ohm
input impedance and has a voltage
step-up ratio of about 1 to 300. This
is an extremely sensitive input.
Therefore, electrostatic shielding,
noninductive wiring, and low
thermal emf copper-to-copper june-
tions must be used with the ex-
ternal circuit connected to P, to re-

BALANCE RANGE

response at all settings

duce objectionable noise and drift.

The first vacuum-tube stage is
overdriven by relatively small in-
put signals in the order of 300 mi-
crovolts, so that when attempting to
use the amplifier with larger input
signals some type of divider had to
be employed. It was found that in
most instances considerable noise
and drift were introduced by induc-
tive loops and high thermal emf
junctions in the divider. Therefore,
another input P, was added by
means of which signals could be ap-
plied across a 0.05-ohm section of
the internal input circuit. This, in
effect, is a built-in divider which re-
duces the signal by a factor depend-
ing upon the external input resist-
ance used. A copper shorting plug
is applied to P, to complete the in-
put circuit when using P.. The
sensitive part of the circuit is all

LEgEL

Because the gain

it is ganged with the feedback control to give the same

compactly inside the same multiple
shielding, and is all made of the
same copper wire with a minimum
number of junctions. Because much
larger currents must be introduced
at P, than at P, to produce the same
input voltage, the external circuit
can be less carefully constructed. In
a similar manner, zero-bias and test
signals are applied across the two
0.01-ohm sections of the input by
means of relatively large currents
from the control panel.

Output and Feedback Circuits

A 6Y7 twin triode, operating as a
class-B amplifier, was added to in-
crease gain and output power. It
feeds push-pull through a step-
down transformer matching into
the load on the d-c side of the out-
put breaker. This additional stage
was needed to compensate for the

t—— A
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PANEL ; SHOWN IN AMPLI-
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FIG. 1-—Heaters of voltage amplification stages are supplied with direct current to minimize interference from power frequencies.
Dashed box shows components in shielded amplifier proper; above are parts on panel; below are those in separate power supply
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gain lost by the action of negative
feedback. and the power lost in out-
put filtering. It also increases the
net output to 25 volts positive or
negative across a 1,500-ohm load,
which is sufficient to drive record-
ing instruments.

The output filter is a resistance-
capacitance type with a time con-
stant of about 0.05 second. It re-
duces the ripple voltage to about 5
percent, which has been found
satisfactory for operafing into such
recorders as the Brown Electronik,
Leeds and Northrup Speedomax,
and Brush oscillograph.

A small portion of the filtered
output is fed back negatively to the
0.05-ohm section in the input cir-
cuit. This feedback improves out-
put linearity and speed of response
at the expense of gain. It was
found that satisfactory output line-
arity and speed of response were
obtained when the negative feed-
back voltage was such as to reduce
gain by a factor of 4 to 1 at all levels
of amplification. To maintain this
ratio required a different setting of
the feedback rheostat, between out-
put and input, for every setting of
the 20-step gain attenuator between
the first and second amplifier
stages. Therefore, the two controls
were ganged as shown in Fig. 1
so that one adjustment changes
gain and maintains the same output
linearity and response characteris-
ties.

Operating Charactetistics

Often the amplifier is used with
gensitive meters, which could be
damaged by the full 25-volt output.
To prevent this, an output level con-
trol was added which reduces the
maximum output in 10 equal steps.

The regulated power supply re-
quires 100 watts of 110-volt, 60-
cycle power. To reduce 60-cycle in-
terference, the filaments of the first
three amplifier stages are supplied
with filtered d-c; the fourth stage
uses a-c filament supply.

The minimum detectable signal
depends, of course, upon noise level,
which in turn is affected by input
resistance and response character-
istics of the overall system includ-
ing the indicating meter. Express-
ing noise in terms of equivalent in-
put voltage with a 5-ohm input re-
sistance and using a five-milli-
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ampere Esterline-Angus recorder,
the maximum departure from the
mean does not exceed 2 X 107 volt.?

Sinusoidal signals up to 20 cps
are passed without serious attenua-
tion. This frequency-response char-
acteristic makes the amplifier satis-
factory for use with modulation
type infrared receivers. Figure 2A

shows relative output of a constant .

amplitude sinusoidal input signal
plotted against frequency, with and
without feedback. The rapid at-
tenuation observed without feed-
back is due primarily to the output
filter. Figure 2B shows the response
to a one-microvolt 2.5-cps square-
wave with and without feedback.

In Fig. 2C output voltage is plot-
ted against input microvolts at full
gain for several settings of the out-
put level control. At level 10 it can
be seen that linearity is good up to
20 volts output and satisfactory up
to 25 volts for most applications. At
minimum gain, about one millivolt
input at P, is required for full out-
put. In this case the first vacuum-
tube stage is not over driven, and
linearity is maintained with this
amplifier because the voltage ap-
plied to the input transformer is
considerably less than the actual
input signal due to the action of
negative feedback. The maximum
signal that can be applied at P, will
depend, as previously mentioned,
upon the external input resistance
used; it will be approached when a
current of 20 milliamperes is flow-
ing in the input circuit.

A variety of applications has
been found for this amplifier. It
has the sensitivity and stability
necessary for precise measurement
of minute currents in the labora-
tory as well as ruggedness and a
wide range of signal coverage for
photocell, strain gage, and thermo-
couple measurements under adverse
conditions of vibration and acceler-
ation. It is essentially a current-
sensitive device having a low input
impedance.
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By PHILLIP H. SMITH

Radio Development Department
Bell Telephone Laboratories, Inc.
Whippany, New Jersey

IN radio engineering, nomo-
graphs permit the saving of
considerable  time, particularly

where the repeated solution of
mathematical equations is required.
They are especially well suited to
portraying the relationships be-
tween the many electrical and me-
chanical properties of radio fre-
quency transmission lines since
these relationships may generally
be expressed by relatively simple
mathematical equations. Ten of the
most useful of these equations have
been plotted as nomographs as a
convenience to the radio engineer.
Each of these is discussed briefly
and the formulas are given to per-
mit an evaluation beyond the ae-
curacy of the nomograph should
this be desired in any particular
case. The derivation of the formulas
is based upon certain simplifying
assumptions which are generally
considered justifiable for radio-
frequency transmission lines.

1. Characteristic Impedance of
Transmission Lines

For radio-frequency transmission
lines where the losses per wave-
length are relatively small, the
charactertistic impedance is essen-
tially a pure resistance. The char-
acteristic impedance is numerically
equal to the square root of the ratio
of the distributed inductance to the
distributed capacitance per unit
length. Since both of these param-
eters are uniquely related to the
physical size and spacing of the con-
ductors, it is possible to express the
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characteristic impedance in terms
of the physical dimensions of the
line.

Thus, the characteristic imped-
ance (Z,) of an open 2-wire line is

Zy = 276 logio (2D/d) ohms (1)
where D is the wire separation on
centers and d is the wire diameter,
both in the same units. Figure 1
shows the characteristic impedance
of an open 2-wire line as a function
of the conductor dimensions and
their center-line spacing.

2. Characteristic Impedance of a
Coaxial Line
The characteristic
(Z,) of a coaxial
line is-
Z, = 138 logo (D/d) ohms (2)
where D is the inner diameter of

impedance
transmission
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the outer conductor and d is the
outer diameter of the inner con-
ductor. This applies only to a line
where the medium between con-
ductors is predominantly a gas, such
as air, at low pre