


AUDIO FILTERS

The curve illustrated shows a group of filters affording
sixteen separate bands in the audio and supersonic
region with 35 DB attenuation at the cross-over points,
These have also been supplied spaced further apart (40
DB cross-over), with intarmediate bands, permitting fiat
top band poss action for any selected range

from 100 cycles to 200 KC.

TOROID DUST HIGH Q COILS

UTC type HQ coils have found wide application because
of their high Q, stable inductance and dependability.
The HQA and HQB types are catalogued. New types HQC
and HQD are now available, effecting a Q of over 200

at 50 KC and 100 KC respectively.

SATURABLE REACTORS

Saturable reactors are used extensively for both power
control and phase control. The left curve is that of a
small (1’7" cube) sensitive unit indicating the variation
of inductance with saturating DC. The right curve is
that of a moderate size power control reactor indicating
power to the Joad with saturating DC.

CURRENT LIMITING TRANSFORMERS

This type of transformer is used extensively to extend
the life of vacuum tubes by limiting the filament
current when cold. The curve at the left is that of a
typical transformer of this type for high power amplifier
tubes in broadcast service. The curve on the right illus-
trates limiting action in a high voltage transformer

for secial service,

May we design a unit for
your application problem.
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SPECIFICATIONS . ..

Type 5CP-A cathode-ray tube.
4000 volis accelerating potential.

Excellent brilliance and spot size..

Sweeps (A): 4500, 1000, 100,
25, 10 and 4 usec.

Sweeps (R): 25, 10, 4 usec: de-
layable to cover any portion of
the 100 usec A Sweep from 4
usec up. 25 and 10 usec; delay-
able to cover any portion of the
1000 usec A Sweep from 5 usec
up.

Delay accuracy =+ 0.1% of full
scale. First few microseconds
may be observed on the 4 or 10
pnsec A Sweeps. Approx. 0.3 usec
required 1o start sweep.

Triggered operation - internal:
Provides output pulse of 100
volts peak, positive or negative;
rise time 0.3 usec; duration 1.0
pusec; repetition rate 80 to 400 a
second on 1000 usec and 4500
pusec ranges; 80 to 2000 a second
on 100 usec range. Crystal-con-
trolled time marks each 10 and
50 usec. Timing mark: rise 0.25
usec; duration 1.0 usec; accuracy
+ 0.02%.

Triggered operation—external:
Trigger input #+ 15 volts mini-
mum at 100 volis/usec rise for
accurate timing. Trigger ampli-
fier: operation independent of
waveform; input trigger rise of

© ALLEN B. DU MONT LABORATORIES, INC.

10 volts/usec triggers the sweep.
Repetition rate: 2000 max. on
100 usec scale; 400 on 1000 usec
scale. No time marks available.

Intensity Modulation: Input
available at Z IN position of
markers switch.

Vertical Deflection—Direct: De-
flection factor: 70 d-¢ v/in. Polar-
ity: positive signal deflects up-
ward. Maximum inpu! voltage:
600 v d-c plus peak a-c.

Vertical Deflection- Video Am-
plifier: Attenuator: 1:1, 3:1, 10:1,
30:1 and 100:1, stepped, R-C com-
pensated. Input Impedance: 1
megohm, 20 uuf. Gain: approx.
125. Sine wave response: Down
3 db at 8 mc; down G db at 11 me.
Pulse response: Suin of rise and
fall time of 1.0 usec pulse with
rise and fall of 0.01 usec does
not exceed 0.08 usec when
passed through video amplifier.
Max. input for undistorted de-
flection with no attenuation: Ap-
prox. 1 v. Deflection: 0.25 v rms
and full video gain for %" min.
Maximum Input Voltage: 600 v
d-c + peak a-c. Polarity: Positive
signal deflects upwards.

Power: 115 v, single-phase, 60
cps, 220 watts, usable to 1200 cps.

Dimensions: 113" w., 16%"

h., 26" d.; wi. 104 1bs.

WIDE VARIETY OF SWEEP SPEEDS:
4, 10, 25, 100, 1000 OR 4500
MICROSECONDS MAY BE SELECTED

REClSlON, CAL\BRATED,

P
SWEEP-DELAY ClRCUlTS

r\

EXTENDED WIDE-BAND
AMPI.IFIERS: SINE wavg
RESPONSE DOWN 34 AT

Oscillogtam of 1 micro- 8 m Do

second pulse passed [+

through video amplifier ‘ WN ] db AT 1 me
of Type 256-D Oscillo-

graph.

- All this...and more too,
in the zew

DU MONT TYPE 256-D
W'W |
" OSCILLOGRAPH

' Ideally suited tor applications where a variety of
sweep lengths, accurate sweep-delay circuits, crystal-
controlled timing markers, wide-band video amplifier,
and variable internal trigger generator are mandatory.

Such applications embrace television transmiiter
and receiver research; study of multi-channel, pulse-
time modulation systems; nuclear research; and gen-
eral applications wherein high-speed, short-duration
phenomena of low repetition rate are examined.

Immediate delivery! To any destination in continen-
tal U.S.A. (Type 256-D; Cat. No. 1296E) delivered price
$1705.00.
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) «..high octane
M gasoline

o

...electric
household appliances

@ Creative men...engineers and engineering draftsmen...plan and build things
o lost. By the same token they look for instruments and equipment that will last.
The tracing paper they draw on must be permanent. Their drawings must serve
as lasting records. They may even have to use these same drawings years later

te make new reproductions.

For 80 years there has been a lasting partnership between Keuffel & Esser Co.
equipment ard materials and the engineers and draftsmen of America. This
partnership has been so general, that there is scarcely an engineering or construc-
tion project but what K & E products have played their part in it.

One of these products is ALBANENE* Tracing Paper. Its 100% pure white rag

fibers are stabilized and iranfparenﬁzed

with Albanite, a K & E synthetic solid

parllners in creating ALBANENE is permanent. Free from oﬂs:

R

D-afting, Reprodustion,
surveying Equiprient
and Matevials.
Siide Rules,
Measuring Tapes.

ELECTRONICS — January, 1948

it cannot “bleed” nor lose its transparency
with time. For complete details, write fo your nearest K & E distributor or to
Keuffel & Esser Co., Hoboken, N. J.
' Y

v

*Reg. U. S, Pat, Off,
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Natvar insulating materials, whether $19,700 Chinese a yard
(approximately $.60 U.S.), or the prevai]ing domestic price, are a
goocl buy because of their uniformity. Users have found that they
can clepend on Natvar insulation to be consistently up to specivfica—
tions or above.

If you require insulating materials with goocl physical and elec-
trical performa'nce characteristics, and exceptiona[ uniformity~p]us
prompt clelivery—-it will pay you to use Natvar. Get in touch with

your Natvar distributor or with us direct.

CABLE ADDRESS
NATVAR: RAHWAY, N. J.

TELEPHONE
RAHWAY 7-2171

201 RANDOLPH AVENUE *

www americanradiohietory com

WOODBRIDGE

Natvar Products

® Varnished cambric—straight cut and bias
® Varnished cable tape

® Varnished canvas

® Varnished duck

© Varnished silk

@ Varnished special rayen

@ Varnished Fiberglas cloth

@ Silicone coated Fiberglas

@ Varnished papers

® Varnished tubings and sleevings

@ Varnished identification markers

@® Lacquered tubings and sleevings

@ Extruded vinyl tubing

@ Extruded vinyl identification markers

Ask for Catalog No. 20

ODUCTS

JERSE?®

1-NVP-a
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You get all these features ONLY in the

Western Electric 54 Monitor

for FM Broadcasting

CENTER FREQUENCY MONITOR: MODULATION PERCENTAGE MONITO*:

Accuracy—Dbetter than = 500 cyeles. (= 200
cyclesif occasionally adjusted to agree with
a primary standard)

Meter Range— = 3,000 cycles

Terminals for connecting remote meter

Accuracy—better than 5% for all readings
Modulation Range Capability—up 10 133% (= 100 ke)
Terminals for connecting remote meter

QUALITY DESIGN
AND
MANUFACTURE:

Designed by Bell Tele-
phone Lalioratories.
Built by Western Elec-
trie.to WesternElectric
standards of quality.

helS

CBare,
e
b N e

PROGRAM MONITORING CIRCUIT:

Output suitable for either aural program meonitoring or
FM noise and distortion measurements

Frequency Response— = 0.25 db, 30 to 30,000 cycles. with-
out de-emphasis; with de-emphasis, response is within
= 0.5db ot the standard 75 microsecond de-emphasis curve

Audio Output Power—output level adjustable up to + 12
dbm—permits direct switching of program monitor from

AM NOISE DETECTOR:

An exclusive feature in the 5A
Monitor. The output of this

MODULATION

transmitter input to SA Monitor output PEAK INDICATOR: g?::::r;;‘;tl:};::z'gz :3?

H‘i"s"b%g'zp?‘s'omo"_le” than 1/4 of 1% from 30 to ]ndilcatiun Iiamp]_l flaslhes meter or noise meter — is

s ) . . . when a selected level of auntomatically referred to
tputN — '5dbbelowsignalat 100 odulation e f ally > d

OutputNoise—atleast '5 dbbelowsignala % modu modulation is exceeded 100% amplitude modulation,

Peak Lmul.l{unge—comm- thus simplifying measure-

uously adjustablebetween ment of transmitter AM noise.

109% and 1409 modulation

The 5A Monitor includes numerous other valuable
features such as: dual thermostats and dual heaters for
each crystal —means for checking the inherent noise level
of the monitor from its input to output terminals—requires

) » : - only a low RF input level (1 watt) which can vary from
POWER SUPPLY: Newly designed 20C Rectifier (furnished 0.3 y;o 3.0 watts; i,l;, all to(l vuriglior: w;lhaut u}yec!ing

as a part of the 5A Monitor) provides electronically regulated the performance of the monitor. To get the complete story
d-c with less than 1 millivolt ripple from 105-125 volts a.c 60 on this outstandimy monitor value, call your Graybar
cycles. May be remotely located if desired. Broadcast Representative or mail the coupon below.

» Graybar Electric Company E
W 5 em Iecn‘ 420 Lexington Avenne, New York 17, N. Y.
I Please send me Bulletin T-2437, including curves,
schematics and block diagram of the 54 Monitor.
Distributors: In the U. S. A.— Groybar

Electric Compadny. : i NAME —
In Canodo and Newfoundlond—Northern

Electric Company, Ltd. STATION =
ADDRESS. \
—QUALITY COUNTS — - v
ELECTRONICS — January, 1948 5
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General A pplication

LOAD RANGE
VOLT-AMPERES

*REGULATION

MODEL ACCURACY

i 150 25-150  0.5%

3-Phase Regulation Extra Heavy Loads 250  25-250  0.2%
, LOAD RANGE *REGULATION ) 9
LOAD RANGE *REGULATION | MODEL  VOLT-AMPERES _ACCURACY 5(;)000 15000 1500000 82"?
|| MODEL  VOLT-AMPERES ACCURACY ! . o
! | 5000 500-5000 0.5% | 2000 200-2000  0.2%
3P15,000.1500-15,000 0.5% i 10.000% 1000-10 000 0.5% P— e
. 3P30,000 3000-30,000 0.5% % ]5'000* 1500_]5'000 0'5% |
3P45,000 4500-45,000 0.5% i;; ! - 1 )

t » Harmonic Distortion on above models 3°/,.

Lower capacities also available.
S ” 5

W cstre e R

400-800 Cycle Line

INVERTER AND GENERATOR REGULATORS

i FOR AIRCRAFT.
o Single Phase and Three Phase
1 LOAD RANGE *REGULATION

. MODEL

VOLT-AMPERES ACCURACY

il D500  50- 500 0.5%
D1200  120-1200 0.5%
3PD250 25 - 250 0.5%
3PD750 75 -750 0.5%

Other capacities also available

R m——

» . R 8 i

The NOBATRON Line
Output Load Range
Voltage DC Amps.
6 volts 15-40-100
12 15
28 " 10-30

125

SORENSEN

» The First Line of standard electronic |

AC Voltage Regulators and Nobatrons l

GENERAL SPECIFICATIONS:

* Harmonic distortion max. 5% basic, 2% *'S"” models
Input voltage range 95-125: 220-240 volts (—2 models)
Output adjustable bet. 110-120: 220-240 (—2 models)
Recovery time: 6 cycles: * (9 cycles)

Input frequency range: 50 to 65 cycles

Power factor range: down to 0.7 P.F.

Ambient temperature range: —50°C to +50°C
All AC Regulators & Nobatrons may be used with no load.

*Models available with increased regulation accuracy.
Special Models designed to meet your unusual applications.

Write for the new Sorensen catalog. It contains complete
specifications on standard Voltage Regulators, Nobatrons,
Increvolts, Transformers, DC Power Supplies, Saturable Core
Reactors and Meter Calibrators.

SORENSEN & CO., wnec.

CONNECTICUT

Represented in all principal cities.

STAMFORD

Jonuary, 1948 — ELECTRONICS
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WHISTLER ADJUSTABLE DIES...USED BY OVER 1000 MANUFACTURERS

simple, accurate, and economical to

use Whistler adjustable dies for the
tough jobs. Complicated patterns can be
set up quickly. It's easy to change hole
arrangements too...without waiting and
at no extra die cost. New HU-50 units,
that pierce at 90° angle, can be used
in conjunction with standard perforating
equipment. Fewer press operations are
necessary.

[~ZADING manufacturers find it fast,

Savings, through continued re-use of the
same dies in different arrangements on
many jobs, are most important.

Whistler adjustable dies can be used in
practically every type press. Standard
sizes of punches and dies up to 3" are
available in a hurry. Only a few days are
necessary to get special shapes made to
order.

S. B. WHISTLER & SONS, INC.

746 Military Road Buffalo 17, N. Y.

HU-50 Perforating unit used
in conjuction with standard
Whistler adjustable dies on the
same job.

70’& more defatls on this modern way to
speed production and save money, write for your copies
of the Whistler catalogs.

ELECTRONICS — January, 1948
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N‘v)l THE ALUMINUM BASE

@ Of all metals, compositions, and plastics ever tried, sheet aluminum

Z%‘oaclc’ad[er

more nearly meets product requirements. Other materials may
lack a truly smooth surface, warp or curl, or are not available in
quantities and at prices commensurate with the market.

So that your Soundcraft disc surface will be a perfect darkened
mirror, a premium grade of sheet aluminum is used. Lacquer
coatings, unless hand-rubbed, are only as smooth as the base to
which they are applied. The best recording surface, therefore, is
obtained only with sheet aluminum rolled at the mill 10 a mirror

finish.

This “reflector sheet” aluminum is further processed for Sound-
craft by “stretcher leveling,” a treatment which slightly elongates
the sheet to relieve strains, eliminates warp, and hardens it some-
what to increase bend resistance. The now flat “reflector sheet”
is next stamped into the various size circular bases which are
shipped to Soundcraft degreased and individually packed to pre-
vent scratching. At this point a Soundcraft precoating inspection
takes over. Not just aluminum, but the right kind of aluminum
helps keep Sounderaft on top qualitywise.

*Watch this spuce for succeeding ads in this informative series on how Sounderaft discs are made,

REEVES SOUNDCRAFT CORPORATION

10 EAST 52nd STREET - NEW YORK 22, N. Y.

January, 1948 — ELECTRONICS
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(4
ow is an EL-MENCO Capacitor? The
physical dimensions are small but in terms of performance,
each capacitor is a giant. The same sterling qualities that helped
maintain vital communications for the Armed Forces under
grueling wartime conditions are in every EL-MENCO Capaci-
tor that goes into your circuit.

We who design and make EL-MENCO Capacitors are proud
of the reputation of dependability that our products have
earned. We pledge our every effort to its continuance.

THE ELECTRO MOTIVE MFG. CO., Inc. Willimantic, Conn.

JOBBERS AND DISTRIBUTORS:

ARCO ELECTRONICS, 135 Liberty Street, New York, N.Y. is sole agent for
El-Menco Products In United States and Canada

e Foreign Radio and Electronic Manufacturers commu-
Cal Ta nicate direct with our Export
\ = - Department at Willimantic,
/ Conn. for information.
MOLDED MICA MICA TRIMMER

CAPACITORS

ELECTRONICS — January, 1948 9
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FOUR FAMOUS I INSTRUMENTS
THAT BELONG IN YOUR LAB!

You can use these instruments to

S p e e d S o Selection of Components e Special Audio Circuit Analysis
¢ Routine Performance Checks e All-around Audio Circuit Design and Experimentation

For the first time, here is truly high quality
equipment, priced within the range of even
the small laboratory. These four new B&W
instruments are the products of an organi-
zation fully acquainted with the needs of
today’s research, engineering and experi-
mental laboratories.

Each is designed for a specific purpose,
but each one will assist you in many im-
portant ways. With these four new instru-
ments in your lab you can get the answers
you need —accurately and quickly. They'll
speed your work and pay for themselves
many times over in a relatively short time.
Your complement of laboratory equipment
is not complete without at least one of each
of these new tools to help you “step up”
your program of projects. Write for descrip-
tive folders.

FREQUENCY METER

Model 300

The B&W Audio Frequency Meter provides
an accurate and convenient means of mak-
ing direct measurements of unknown audio
frequencies within its range up to 30,000
cycles. The circuit consists of an input volt-
age gain amplifier followed by two limiting
amplifiers, the last of which feeds an RC
integrating circuit and full wave rectifier
whose DC voltage output increases linear-
ally with frequency. Integral power supply.
A high-impedance input circuit plus low-
input operating voltage permits the unit to
be operated from the phone jack of a stand-
ard receiver for measuring the audible beat
between two R.F. carriers, Extremely useful
for routine checking of audio oscillators or
tone generators.

10

AUDIO OSCILLATOR

Model 200

The B&W Audio Oscillator consists of a
modified Wien Bridge R.C. oscillator and a
two stage inverse feedback output ampli-
fier with self-contained power supply. This
unit is characterized by small size, light
weight and ease of operation combined with
outstanding performance. Ideal for use in
distortion measurements, frequency meas-
urements or in any application where a
stable, accurately calibrated source of fre-
quencies between 30 and 30,000 cycles is
required. No zero reset or line calibration
is required. An ideal portable unit which
may be taken to the job.

DISTORTION METER

Model 400

The B&W Distortion Meter is a sensitive in-
strument having a wide range of applica-
tions in the audio frequency measurements
field. The circuit consists essentially of a
Wien bridge null balance included in a
feedback amplifier, capable of complete
fundamental frequency suppression but pro-
ducing no attenuation of frequencies re-
moved one octave or more, in combination
with a sensitive vacuum tube voltmeter and
accurately calibrated attenuator. Complete
with integral power supply. Ideal for meas-
uring low level audio voltages and deter-
mining their noise and harmonic content.
Also used for measuring frequency and
gain characteristics of audio amplifiers or
any other application where a vacuum tube
voltmeter is required in the audio range.
The variable frequency selective filter pro-
vides a single frequency suppression cir-
cuit for the frequency range of 50 to 15,000
cycles. Its small size and light weight com-
bine with outstanding performance to make
it an ideal unit for either laboratory or
field work.

SINE WAVE CLIPPER

Model 250

- 43
The B&W Sine Wave Clipper is a device for
generating a test signal that is particularly
useful for examining the transient and fre-
quency response of audio circuits. It is a
great time saver when used in experimental
work, or on equipment under development.
A sine wave analysis after every change
of a component becomes time consuming
and tedious. By means of the Sine Wave
Clipper, the effect of making changes in
a circuit may be seen immediately, thus
guiding the course of development in the
proper direction.

Write for complete descriptive folders

BARKER & WILLIAMSON, Inc.

Radic Manufacturing Engineers

237 FAIRFIELD AVENUE, Dept. EL-18, UPPER DARBY,PENNA.

www americanradiohistorv com
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Franklin Announces

THE NUMBER 40 DUODECAL TELEVISION SOCKET

ADDS ONLY ONE-HALF INCH TO TUBE LENGTH
PHENOLIC MOLDED CONSTRUCTION
WITH RADIAL LEADS
AND THE HAND GRIP SHAPE

o ELECTRONIC
= COMPONENTS

.. .designed and manufactured in the traditional FRANKLIN manner. ..
by skilled craftsmen with the finest materials

A.W. FRANKLIN MFG. CORP

ELECTRONICS — January, 1948 n
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When manufactorers of electronic, radio and
electrical apparatus, situated as far as 2000 miles
and more from our plant,insist on Karp sheet métal
craftsmanship, there must be good and profitable
reasons.

One important reason is that Karp-constructed
cabinets, enclosures, housings and chassis are
custom-built to individual requirements; so precisely
and uniformly made that time and money are saved
on your assembly line. Another reason is that Karp
builds good looks and streamlined styling into
the product, giving you added sales and profit
advantages.

Remember the Karp blueprint man symbolizes blue
ribbon quality in cabinets, housings, enclosures and
chassis. Tell us your needs. Get our quotations.

® Any metal

® Any gauge
® Any size

® Any quantity
® Any finish

KARP METAL PRODUCTS CO., INC.

124 - 30th STREET, BROOKLYN 32, NEW YORK

Gustorn Craflomen in Sheot Melal

January, 1948 — ELECTRONICS
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AnnouncingezHiKaps!

Centralab’s New Feed-Thru or Bushing Mounted
Capacitors made with high dielectric Ceramic-X!

Inner and outer electrodes
protected against damage
by electrolytic plating of

pure copper.

Metallic silver electrodes
immutably bonded to CRL's
Ceramic-X tubes to prevent
separation.

Electrodes soldered direct-

.050” tinned copper feed
thru terminal for extra
strength and lower internal

ly to mounting bushing and
feed thru terminal for posi-
tive electrical and mechan-

inductance.

ACTUAL SIZE

Your choice of leads or terminals

Three types to meet your needs: 1) both ends
straight. 2) both ends bent. 3) one end straight,
other end bent. Special terminal or lead require-

ments can be supplied.

ical connection.

4 TIMES ACTUAL SIZE

New mechanical bond eliminates structural

and electrical damage during installation !

HERE, AT LAST, are the Feed Thru or Bushing Mounted
Capacitors you have been waiting for! Made with high
dielectric Ceramic-X, these new additions to Centralab’s grow-
ing Hi-Kap line once and for all eliminate the problems of
damage during installation. Secret of this new CRL develop-
ment is two tough, mechanical bonds— 1) between inner
feed-thru terminal and inside diameter of tube, and 2) between
mounting bushing and outside diameter of tube. Special high
temperature solder is then applied to assure a positive electrical
connection. Result: top quality, efficiency, and long life.

FT Hi-Kaps are for use in high frequency circuits where, in
addition to feed-thru, a capacity ground to either the chassis
or shield is desired. Rarings: Capacity from 55 to 2,300 mmf.
500 WVDC. Flash test, 1,000 VDC. See your Centralab
representative, or write for bulletin 975.

Look to Centralab in 1948!

First in component research that means lower costs
for the electronic industry.

ELECTRONICS — January, 1948
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ENGINEERING ACHIEVEMENT EVIDENCE!

o= ety

sents a distinct advance over previous types. Each
supplies convincing evidence of the progressiveness

of Sprague engineering.

RSSO R

*HYPASS CAPACITORS
High-Frequency Resonance
Problems Solved

Sprague *HYPASS 3-Terminal
Network Capacitors have estab-
lished new standards of perform-
ance in eliminating anti-resonant
frequencies.up to 150 megacycles
or more. Conventional methods

-

®

-
==
=
7 ¢
;l
D
=D

The six basic new capacitor types illustrated were
pioneered and perfected by Sprague. Each repre-

T

*MIDGETS AND MINIATURES
Extending the Boundarles of
Practical Electronics

“*'Make it smaller, make it better’”
is the ever-recurring demand on
design engineers charged with
creating today’s electronic de-
vices. Sprague *Midget Capac-
itors are the first small size paper
dielectric tubulars to operate de-
pendably at 85° C., to have ade-
quate humidity protection, and
to be priced for widespread
use, Sprague Miniature Capaci-
tors are even smaller, have ade-
quate humidity \protection, and
are rated for operxtion at 65° C.

of by-passing vibrator “‘hash’
usually call for a by-pass capac-
itor shunted by a mica capac-
itor. Today, these 3-terminal
network capacitors make such
compromise methods no longer
necessary. If you have a “hash’”
problem, we'd welcome the op-
portunity to stack Hypass Capa-
citors against it,

www americanradiohicetorvy com

FLUORESCENT
BALLAST CAPACITORS

A Notable Development

Sprague fluorescent ballast ca-
pacitors easily withstand the se-
vere combindation of high temper-
ature and over-voltage to which
they are subjected under blink
start conditions. This results from
the use, in these capacitors, of
a new and exclusive impregnant
developed by Sprague. This im-
pregnant, known as *Vitamin Q,
is thermally stable at tempera-
tures far higher than those en-
countered even under most se-
vere ballast conditions.

January, 1948 — ELECTRONICS



HIGH VOLTAGE
FIGH TEMPERATURE
OPERATION

It's AN Dane with *Vitamin Q!

The bistcry of capacitor progress
is largely the history of new and
better d.elect:ics. The most re-
markaole =dvance in this respect
came with Sprague’s develop-
ment of @ rew impregnant—
*Viterin Q. Sprague capacitors
imprzgna-ed with this material
are ncw zetting new standards,
throughott industry, for depend-
able oneraticn at higher voltages
and .empesaures—and they are
usually smaller and lighter than
competifive -nits.

ELECTRONICS — January, 1943

HIGH VOLTAGE COUPLING

Special Sprague Capacitors for
Low-Cost Carrier Telephone
Systems

Sprague High Voltage Coupling
Capacitors are the practical so-
lution to the problem of coupling
telephone equipment to existing
7200-volt AC distribution lines.
These capacitors are only one-
tenth the size and weight of other
types previously considered by
REA for carrier system services.
As a result of the success of
their coupling capacitors in rural
telephone service, Sprague is
now designing coupling capaci-:
tors for other uses and at still
higher voltages.

www americanradiohietory com

AND
NOW!'!

The first truly prac-
tical All Purpose
Molded Paper
Tubular
Capacitors

After more than four years of
intensive research, plus one of
the largest retooling programs
in its history, Sprague recently
announced a complete line of
molded paper tubular capaci-
tors. These new molded tubular
capacitors are unique in design
and performance charccteristics.
Their humidity resistance, 85° C.
rating, small size, and modest
price suggest their us2 in auto-
motive, FM and television re-
ceivers, export sets, and wher-

;ycardhoard tubular capaci-

ts have been used in the past,

* Trademarks Reg. U. 8. Pat. Off.

—
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WILCO precision products are at the “HEART”

of modern industrial machines

WILCO engineers and craftsmen are quality-
minded specialists in the design and develop-
ment of precision products found at the
heart of countless industrial and domestic
devices—WILCO Thermometals (Thermostatic
Bimetals), Efectrical Contacts, and Precious
Metal Simetallic Products.

Specialists for 34 years in these products und
materials so vital to modern industry, the H. A,
Wilson Company commands the specialized
skill, the speciclized machinery and manufactir-
ing processes to manufacture precision products.

WILCO annually supplies thousands of manu-
facturing customers with millions of thermo-
metal parts and contacts.

You, too, can depend on these special products

. on their uniformity, precision performance
and long life . . . on the ability of WILCO
engineers and craftsmen to mold them to your
exact requirements.

WILCO PRODUCTS INCLUDE

THERMOSTATIC BIMETAL

WILCO-—American pioneer in the develop-
ment and manufacture of thermostatic bimetals
—supplies thermometals as sheet or strip, in
partly or completely fabricated form, and as
parts of assemblies. Al temperature ranges,
deflection rates and electrical resistivities.

CONTACTS

WILCO produces contact materials and assem-
blies in every size, shape and variety to meet
a wide range of applications. WILCO
contacts include . .. silver, platinum,
tungsten ... also silver-copper, platinum-
iridium, tungsten-osmium, Wilcoloy
silver-tungsten, Wilcoloy copper-tungsten,
Wilcoloy silver-graphite and other alloys,

SILVER CLAD STEEL
JACKETED WIRE

Economical non-corrosive wire with elec-

trical characteristics of solid silver for high
and vltra-high frequency current applications.
Silver on steel, copper, invar or other com-
binations requested.

ROLLED GOLD PLATE AND WIRE

All colors and karats, on any base metal.

NI-SPAN*C

A new and remarkable age hardening constant
modulus alloy. Uniquely combines modulus
control with high elastic and strength proper-
ties. Suggested applications precision
springs for all purposes; tuning forks; bourdon
tubes; instrument diaphragms; bellows. Avail-
able in all commercial forms.

WILCOLOY T-1 and T-7. Two copper alloys
combining high strength with high electrical
conductivity, high endurance limits and high
service temperatures. Available in rod, strip,
cold drawn bars, fabricated parts, wire. Many
important applications.

SPECIAL MATERIALS

Copper clad steel with special ratios—copper
clad beryllium copper—high strength, high
expansion and high strength, low expansion
alloys.

CONSULT OUR ENGINEERING DEPARTMENT—
A representative of the WILCO Sales and Engi-
neering Department will gladly help develop
the proper application of WILCO materials to
your products.

*TRADE MARK INTERNATIONAL NICKEL CO.

January, 1948 — ELECTRONICS
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Hitch your Product to a Lelund LOADSTAR

Hustratad: The Lle and
loodstar Tsp2 RA Fepilson
Sta-t-lnduatizn Run Wctor

Tocerner, they'll go far_ If your product, too, stands for down-to-earth engineering
PICKUP! Higher starding torque per ampere
of starting current characterizes Type RA
Repulsion stari-induction run motors.

aimed at standards raised sky-high, then you'll find your performance values
enhanced by similar characteristics in the Leland Loadstar. Sales-wise, too, you'll

QUIET! Exceptionally close tolerances elim- find the nameplate on your Loadstar a potent business beacon. Your customers
inate vibrotion, prolong motor life. Engi- °
neered throughout for smooth, silent operation who have long known Leland, find in Leland Loadstars the coolest-running,
under most exacting conditions.

sweetest Lelands yet . . . Specify Loadstar for 1P per cubic inch as high as

SELECTIONI %3 to 5 HP. Types—ball bearing
and sleeve bearing; open and enclosed; ex-
plosion-proof; horizontal and vertical,

any—for HP per pound higher than most. Write for descriptive literature.

THE LELAND ELECTRIC COMPANY, DAYTON 1, OHIO. Branches in all principal cities.

LELAND tososrae MOTORS

MOTORS OF AlLL fYPES-—ENGlNEERED/T'O INDUSTRY'S SPECIFIC NEEDS

‘\\_/

MW americanradiohiceto O0om



Inco Nickel Alloys help
this new robot pilot "see” and correct
tiny deviations from course

Plunging through rough seas . . . with no hand at 1ts heha ...
a ship cquipped with a Kirsten Photo Electric Pilot clings 10
its course with uncanny accuracy

This robot, manufactured by the Marine Division ot the
Kirsten Pipe Company, Seattle 9, Washingion, gets Its initial
signal from an electric eve in the compass binnacle.

The slightest deviation of the compuass increases or decreases
the intensity of a beam ot light. This energizes a power unit
which, in turn, operates the steering mechanism.

In designing their power unit, Kirsten ran into trouble with
the solenoid shaft.

This vital part had 1o be non-magnetic, strong, and able to
take a high polish to cut down {riction betwecn the shatt and

the steel cluich. 1t had 1o he easv 10 machine and capable of Section of Kirsien Photo-Eleciric bhinnacle. The
. ) ) comprass assembly rotates vw bard. corrosion-resis-
resisting cCorrosive marine :nmospheres. tant 'K Monel ball hearings. Robot pilots such
) - . . i ] . as these arve used loduy on commercial and plea-
Alter experimenting with many metals, Kirsten engineers sure craftamp 07100 41, um aevigtl:

finally found the one with all the properties required. Its
namer "KR”* Monel.

Also, when perlecting their hinnacle unit, these men chose
another Inco Nickel Alloy . .“K"#* Monel. Bull bearings of
this strong, extra-hard, corrosion-resistant metal enable the
binnacle asseiblv 1o move lreely and eusilv. .. despite constant
wear, damp sea air, and changing temperatures.

Find out where and how onc or more ol the family of INco
Nickel Alloys can help you solve metal-selection problems. Put
these alloys at the top of the list when you're searching lor
metals with a hard-to-lind combination of properties.

THE INTERNATIONAL NICKEL COMPANY, INC.
67 Wall Street, New York 5, N. Y.

EMBLEM . OF SERVICE
P/oaa uiil of Kirsten l’bo/r‘)}-EZectric pilot. Arrow
— ‘KR ! solenoi 1 10hi e
MONEL™ « K"’ MONEL « ™~ MONEL « “'R'"" MONEL + “KR'" MONEL e M ik i e B i Sl

INCONEL™ « NICKEL » “'L°* NICKEL « "'Z'"* NICKEL Ttez. U.S. Pat. Off. R ETEE

www americanradiohictory com



the FIRST NAME i

Selenium Rectifiers

A

. .

HERE’'S HOW IT CAN HELP KEEP YOUR
PRODUCTS FIRST IN THE FIELD.

WHEN YOUR ELECTRICAL PRODUCTS go into service, your reputation as a manufacturer
goes with them! Their competitive survival depends on how they stand up on the job —
on the quality and dependability of every component. And where your equipment calls
for conversion of AC to DC, a rectifier is one of those vital parts. That’s where Federal
can really help you build a better product—one that will stay first in the field.

Here’s why. The Selenium Rectifier —an IT&T development — was first introduced

into this country by Federal, in 1938. And, by constant research and improvement,

Federal Selenium Rectifiers have continued to set the industry’s standards for long,

trouble-free service. The initials “FTR” on any Selenium Rectifier mean the last word
in engineering excellence and craftsmanship—the inherent relia-
bility that assures longer life for your product.

There’s a Federal Selenium Rectifier for practically every power-
conversion job—from milliwatts to kilowatts. For complete infor-
mation, write Federal today. Dept. F313.

NN N /ederal Telephone and Radio Corporation

“SELENIUM and INTELIN DIVISION, 1000 Passaic Ave., East Newark, New Jersey

research and engineering organization, of which the Federol

A s o A — i turi , Lid., , P.Q.
Telecommunication Laboratories, Nutley, N. )., is & unit. In Canada:—Federa!l Electric Manufacturing Company, Lid., Montreal, P. Q

KEEPING FEDERAL YEARS AMEAD...is IT&T's world-wide )
Export Distributors : —International Standard Electric Corp. 67 Broad St., N.Y.

ELECTRONICS — January, 1948 17
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Problems Solved by Richardson...in plastics

#4 Noise reduction through use of plastic gears

O

CAST METAL , W2,
\ \\ LAMINATED
\ INSUROK 7~
PROBLEM: A cast-metal N\ 4 BN \=
gear assembly forming ( \/\%
the back-drive of a 132" S A
paper board machine was = €~_=_ =
creating an almost un- I S
bearable screech and 5
howl - so much in fact Fosinl)

LAMINATED [

that the effect on the —

nerves of the employees INSUROK §\

was slowing production. \ §

Furthermore, teeth were %

frequently being sheared IS

from the spur pinion be- §

cause of tremendous § Y 4

back-lash. Y,
N

SOLUTION: Richardson Plasticians were called in. They redesigned the
<:> tooth structure on the entire gear assembly, and installed a Laminated
INSUROK spur pinion and beveled gear, each to mate with a metal gear.
This was so satisfactory that all back-drive assemblies on this machine,
as well as on similar machines in other plants, were changed to conform.

Result:
(1) Stripping of teeth completely eliminated.

(2) Less wear and longer life for all gears in the assembly.
(3) Elimination of approximately 80 per cent of the noise.
(4) Greatly improved working conditions.

(5) Increased daily production.

INSUROK Precision Plastics

INSUROK is the name of industrial laminated and molded synthetic plastic products produced by Richardson.
Laminated INSUROK is available in sheets, rods, tubes, punched and machined parts, made with paper, fabric,
glass, etc. Molded INSUROK products are made from Beetle, Bakelite, Plaskon, Tenite, Styron, Durez, Lucite,

etc., by compression, injection and transfer molding.

O
e RICHARDSON COMPANY

Sales Headquorters. MELROSE PARK, ILL. FOUNDED 1858 LOCKLAND, CINCINNATI 15, OHIO
NEW YORK 6, 75 WEST STREET Sales Offices ROCHESTER 4, N. Y., 1031 SIBLEY TOWER BLDG.
PHILADELPHIA 40, PA., 3728 NO. BROAD STREET MILWAUKEE 3, WIS., 743 NO. FOURTH STREET
CLEVELAND 15, OHIO, 326-7 PLYMOUTH BLDG. '+ DETROIT 2, MICH., 6-252 G. M. BLDG. * ST. LOUIS 12, MO., 5579 PERSHING AVENUE
Foctories: MELROSE PARK, ILL. + NEW BRUNSWICK, N.J. < INDIANAPOLIS, IND.

RICHARDSON MEANS MMIN PLASTICS

18 January, 1948 — ELECTRONICS
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BURNELL offers
- 2 TURUIDE :

The most available types
now being supplied are
TYPE IND. RANGE:
TC-1 Any Ind.upto 7 HYS
TC-2 Any Ind. upto 20 HYS
TC-3 Any Ind. up to 350 MHYS

Be sure to state desired
inductance.

The solution of filter
network problems, has
been greatly simplified
through the use of
toroidal coils wound on
molybdenum permalloy
cores. Design engineers
have learned to depend
upon them since dis-
covering that only these

toroids possess all the ' ==
necessary qualities of a oY W = =~
good high “Q” coil. SA >
C-1 /‘/—
=

(— = FREQUENCY — CYCLES_
100 200 500 ™M E1Y M Iow oM S0M  100M

JRUIDE |

Our toroid filters have become a
’ by-word in every phase of elec-
tronics where only the best results
are acceptable. Toroidal coils
wound on MOLYBDENUM PERM-
: ALLOY DUST CORES are the
o primary basis for our success in
producing filters unexcelled in per-
v formance. We are producing toroi-
P i dal coil filters which consistently
: demonstrate the value of toroidal
coils. These filters cannot be
matched in stability, accuracy and
sharpness by filters made with the

f usual laminated type of coil.

] ]
R A
AL
[
0 il 2.0
i 1 =
v N \ £ 10|
@
20 ! L Q 20 @
S ' AN g2 a0 AN
f+340, F4 v AL
CPS ri] 30
30 £ =30 / N
/ « 40 ,4 \
e
408 g 3 s '40:“090 e =Ty 50
< L = Y o cewren race? 8 _z_ g
GAcelcES FREGUENCY CYCLES
< [4
i U | RO 00
A ON A 0 3

ALL INQUIRIES WiLL BE PROMPTLY HANDLED
WRITE FOR OUR CATALOGUE

ELECTRONICS — January, 1948
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FOOD...CHEMICALS... CONSUMERS...

EVEN WHEN STRETCHED several hundred per cent,
Plax Polyethylene sheet is tough, moisture-proof,
odorless, tasteless, and pleasing to touch.

An ideal material for food packaging, it protects
goodness without hiding it. Chemical inertness makes
it an effective wrapper for everything from food to
corrosive chemicals. These qualities, plus color, have
led to its wide use in the home—as aprons, clothes
bags, bow! covers, etc.

Plax also supplies Polyflex* Sheet and Film, and
cellulcse acetate, cellulose acetate butyrate and
ethyl cellulose sheet and film. To be sure you have
the complete story about Plax products, please write
for details.

*T.M. reg. U. S. Pat. Off.

=~ <>
STy TS - WA

133 WALNUT STREET * HARTFORD 5, CONNECTICUT
In Canada — Canadian Industries, Ltd., Montreal

Jonuary, 1948 — ELECTRONICS
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KATAGOPHzIZ |

jawbreaker from the Greek, cataphoresis
A means simply “the movement of suspended
particles through a fluid under the action of
an applied electromotive force.” At Hytron,
filaments are not sprayed with electron-emis-
sive coating, because that way precise control
cannot be achieved. Rather, coating is electri-
cally deposited by the cataphoretic movement
of the carbonate molecules.

Drawn through a special coating solution,
the filament wire itself serves as the anode;
and a metallic plate, as the cathode. The solu-
tion consists of a triple precipitate of barium,
calcium, and strontium carbonates plus a
binder —all suspended in a special organic
medium. A precisely adjusted electromotive

MAIN OFFICE:

ELECTRONICS — January, 1948

SPECIALISTS IN RADIO RECEIVING TUBES SINCE 1921

SALEM,

force uniformly deposits and bonds the
electrically-charged salts onto the filament
wire. Baking problems are simplified; coated
wire is spooled directly on a cylinder, ready
for use.

This new Hytron method of filament coating
is so simple, so precise as to texture, weight,
and adhesion. One wonders why it is not uni-
versal. The answer is simple. Cataphoresis
coating is easy only if you possess the trade
secret of the Hytron coating formula. Also,
the applied voltage, timing, and resultant con-
trol of texture and emissive qualities in mass
production represent months of persistent
research. You profit by superior performance
from all Hytron coated-filament tubes.

YTR

A0 Ywodd

MASSACHUSETTS

www americanradiohietory com
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NICHROME* ¥

This new, fireless home-heating furnace, manufactured by
Electromode Carporation, heats a house noiselessly by electricity.
No dust, no askes . . . no fuel storage tanks, no elaborate installa-
tions.

The furnace, whicn is only 40” x 26%:"” x 58”, contains six
heating elements, each tonsisting of an insulated NICHROME resis-
tor wire in metal sheath, embedded in o finned aluminum casting.
A master thermostat imside the house controls two of the units.
The four remaining units are controlled from exterior thermostats
set ot various temperatures. As outside temperature falls, addi-
tional heating Jnits are cut *in”" as the various thermostat settings
are reached; conversely, when outside temperature rises, units
are cut “out”. Thus maximum heating flexibility is combined with
economical opzration. Room temperatures vary only about 3°
from floor to ceiling.

In developing this heating equipment, the Electromode Cor-
poration encountered the problem of providing electrical heating
elements efficient enough to heat an entire home, yet sufficiently
compact to fit into a space-saving outer cabinet. They selected
NICHROME as the resistance wire for this exacting job, in order to
assure top-level performance and a life-time of trouble-free oper-
ation.

Whatever your product, if it requires a resistance element
combining hign efficiency with long life, specify NICHROME. And
remember, there are more than 80 Driver-Harris electrical resistance
alloys specifically designed to fill the numerous requirements of
the Electrical and Elect-onic Industries . . . get in touch with us for
expert advice.

Drzver-Harris
COMPANY

Exclusive Manufacturess aF Nichrome
HARRISON, N. J.

BRANCHES: Chicago e Detrsit o Cleveland
Los Angeles o San Fraacizco o  Seattle
THE B. GREENING WIRE COMPANY, LTD.
Hamilton, Ontarie, Canada

*T-cde Mark Reg. U. S. Pol. Off,




Extracts from another of the series of in-
dependent surveys by James O. Peck Co.,
of assembly savings made with Phillips in
leading plants.

“We specify Phillips Screws for
our coin-operated phonographs,”
said Wurlitzer’s engineering staff,
“hecause they’re faster four impor-
tant ways.

‘“’Start quicker, drive faster.
Although we haven’t made actual
time studies, it’s fairly easy to see
how much shorter assembly time
is with Phillips Screws. That’s
natural . . . the perfect fit of the
driving bit in the Phillips Recess
makes locating the screw and driv-
ing it much more positive.

‘““Tricky assemblies simplified.
The firm seat of the driver in the
Phillips Recess speeds up other-
wise slow jobs such as blind driv-

One screw driver slip at this point in the assembly and an expensive, highly
polished piece of Plexiglas would be ruined; and worse still, a half hour of assembly
time irretriavably lost. Wurlitzer uses Phillips Screws and avoids slips.

ing, sensilive adjustments, spring
assemblies, and driving with jigs.

‘“No mental hazards .. . steadier
work. Inside and out, there are a
lot of places where a skidding

Adjusting the selector keys. The absolute seat of the driver bit in the Phillips
Recess lets the assembler concentrate all her aftention on the adjustment.

PHILLIPS 74 SCREWS

Wood Screws . Machine Screws « Self-tapping Screws . Stove Bolts {

American Screw Co.
Central Screw Co. llﬂ

Continental Screw Co.

Corbin Screw Div. of
American Hdwe. Corp.

Elco Tool & Screw Corp.

The H. M. Harper Co.
International Screw Co. National Screw & Mfg. Co.
New England Screw Co.

Lamson & Sessions Co:
Milford Rivet and Machiné Co Parker-Kalon Corporation
Pawtucket Screw Co.

Nationai Lock Co.

ELECTRONICS — January, 1948

Pheoll Manufacturing Co. |
Reading Screw Co. |
Russell Burdsall & Ward

Boit & Nut Co. |
Scovill Manufacturing Co. |
Shakeproof Inc. Name.......
The Southington Hardware Mfg. Co, |
The Steel Company of Canada, Ltd, |
Sterling Bolt Co,
Stronghold Screw Products, Inc. |

Company......
Address.

Wolverine Bolt Company |

www americanradiohistorv com

ASSEMBLY SA
—aunc

Phillips Screw Mfrs., ¢/o Horton-Noyes
1800 Industrial Trust Bldg.,
Providence, R. |.

Send me reports on Assembly Savings with Phillips Screws.

screw driver would do a vast
amount of harm to these machines.
Since that danger is non-existent
with Phillips Screws, our assem-
blers make better time, work more
smoothly.

“‘New help learns faster. Even
people who have never driven
screws in factory production can
be trained to drive Phillips Screws
much ecasier and faster than they
could be taught to drive slotted
screws. Also eliminated is the dan-
ger to hands and arms from jagged,
burred heads turned up so [re-
quently on slotted screws. And far
fewer screws are dropped on the
floor . . . a not inconsiderable sav-
ing to us.”

Ideas for your assembly opera- /
tions . . . FREE, in this Wur-

litzer report and in other as- /
sembly reports . . . covering
metal, wood and plastic
products. Use coupon.

4

e, 2t

VINGS
SCREWS
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ARNOLD g

MAGNETS

The increased efficiency and economy you'll realize in the use
of Arnold Permanent Magnets are constant factors. The thou-

N sandth unit is exactly like the first—because they’re produced

" under controlled conditions at every step of manufacture, to

Y / bring you complete uniformity in every magnetic and physical
/0& (/4 characteristic. Count on Arnold Products to do your magnet
job best—and they’re available in any grade of material, size,

shape, or degree of finish you require. Write us direct, or check
ﬁ with any Allegheny Ludlum field representative.

4 W THE ARl\le) ENGINEERING €0.
M W _TS , " Subsidiary of |

st - Sl e

ALLEGHENY LUDLUM STEEL
- CORPORATION :
147 East Ontario Sfreet, Chicago 11, Hlinois -

Speciclists and Leaders in the Design, Engineering and Manufacture of
- : PERMANENT MAGNETS - W :

W&D 1297

it TR
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NOW AVAILABLE q:
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MICROWAVE RELAYS
LIS )
=
[
® Four Sperry Rellex Klystron oscylatorstor
microwave relay SVStems are now available fos
commercial use. These Klystrons can be used —
either as transmitting tvpes ov local oscittators: —
They can also be used in the labofrtor—easbench _
oscillators in the development of 1ezTommye 2 -
b
relav systems. — ! -
3
0 - [ == .
W With these new Klvstron tubes, relay techniques
are simplified and the mechanical protrems
associated with lower frequency rebohinksare
overcome. —
) . -
® Other Sperry Klystrons are available in the
frequency range from 500 to 12,0(;‘\:%‘,3“\.;»'.,‘,.
Our Industrial Department will gleddssupply
further information. p—
-
|
= —
_——
]
| e
M
o
= h,w*’»-
(=il
o
—=_
EXECUTIVE OFFICES: GREAT NECK, NEW YORK « DIV
NEW YORK - CLEVELAND - NEW ORLEANS - LOS ANCETES —SAN-FRANCISEO~-SEATF-E -
[ cmsng—
i
[~
—>
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AFTER YEAR
™

st o, o fondd reh.
Oate: f2-/2- 3G | becordar yry g T
Job [P 58

"Master safety disc No. 15B — an AUDIODISC — recorded
December 12, 1939, was taken from our files and played back
on September 12, 1947, This test showed that after almost
eight years the recorded quality was still excellent and there
was no measurable increase in surface noise. Surface noise
of a new cut, made on this disc at the same date in 1947, was
no different from the original cut.”

This is the brief, factual report by Columbia recording engi-

AUDIO DEVICES, INC., 444 madison Avenue, New York 22, N.Y,

Export Department: Rocke International Corp., 13 E. 40th Strcet, New York 16, N. Y.
Audiodiscs are manufactured in the U.S.A. under exclusive license from PYRAL, S.A.R.L., Paris

IN COLUMBIA RECORDS’ FILES
otk %WZJM

neers on a test made to measure the lasting qualities of AUDIO-
DISCS. In the photograph the two large bands show the orchestral
recording made in 1939. Close to these are the unmodulated
grooves cut this year.

One more convincing proof of a most important claim —
” AUDIODISCS do not deteriorate with age either before or
after recording, and there is no increase in surface noise from
the time of recording to playback or processing—whether it
be a few days or many years.”’

* REG U S PAT. OFF.
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FREE!

This easy-to-read booklet that can
save money — real money — for
every radio engineer and elec-
tronics manufacturer!

Ask your core manufacturer—he’s an authority
on the use of G.A.&F. Carbonyl tron Powders.

*®

ELECTRONICS — January, 1948

“Say, Jounes, will you look at this fascinating free

G.A.&F. booklet! Shows that Carbonyl Iron Powder
Grade E is perfect for 1F Transformers and RF Coils.
For Discriminators, too! Eliminates drift by its excel-
lent electrical and temperature stabilily. Produces uni-
form high Q components because of its low losses and

uniformity. Exeiting, eh?”

A GAsF

carbonyl iron powders

An Antara* Product of
General Aniline & Film Corporation

Clip this coupon—Mail it today!

Antara Products, Dept. 12

444 Madison Ave., New York 22, N. Y.

Please send me a free copy of:
[0 G.A.&F. Carbonyl Iron Powders

Name___ e B

Address._ —

[J Polectron dielectrics

www americanradiohietory com
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can gei' this

SQUARE
A typical applicalion showing how the WAVE

type SSP may be used to examine both the GERERSIOR
input signal tfo a circuit and the resultant
output signal. Here, a square wave has
been applied to an L-C network. Both input A=|NPUT
and oulput signals appear simultaneousl

on the face of the Type 5SP. Either signayl B=OUTPUT
may be expanded for detailed study.

DU MONT’S
Two-Gun Type 5SP

Cathode-Ray Tube Shows Two
Patterns Simultaneously

. NOW-—a superior method for viewing two inde-
pendent signals simultaneously. Not subject to the
frequency limitations encountered when using the
electronic switch. More convenient than using two
oscillographs side by side.

Du Mont's Type 5SP tube contains two complete
electron guns in a 5-inch flat-faced envelope. The X,
Y and Z axes of each electron gun can be indepen-
dently controlled, thus permitting two traces to be spaced from zero to any
value desired within limitations of the tube diameter, and also modulated
as desired. Adequate shielding betweens guns and deflection plates mini-
mizes “cross-talk’ particularly at higher frequencies. Short side-wall con-
nections to deflection plates minimize shunt-input capacitance and lead
inductance. Army-Navy approved diheptal 12-inch base.

Further Details on Request

e ALLEN B, DU MONT LABORATORIES. INC.

E_=
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MEASURE TOTAL DISTORTION

Between 20 cps and 20 ke
r

Sy pontty”

40
o
°
z =
20—
O
b
40 : —
= Any frequency between
= ; 20 and 20.000 c.p.s.
.80 = ' — —
20 200 2000 20000
Figure 1 FREQUENCY, cp.s:

This fast, versatile -bp- 330B Analyzer
measures distortion at any frequency
from 20 cps to 20 kc. Measurements
are made by eliminating the funda-
mental and comparing the ratio of the
original wave with the total of re-
maining harmonic components. This
comparison is made with a built-in
vacuum tube voltmeter.

The unique -bp- resistance-tuned
circuit used in this instrument is
adapted from the famous -bp- 200
series oscillators. It provides almost
infinite attenuation at one chosen fre-
quency. All other frequencies are
passed at the normal 20 db gain of
the amplifier. Figure 1 shows how at-
tenuation of approximately 80 db is
achieved at any pre-selected point be-
tween 20 cps and 20 kc. Rejection is
so sharp that second and higher har-
monics are attenuated less than 10%.

Full -Fledged Voltmeter
As a high-impedance, wide-range,
high-sensitivity vacaium tube voltme-
ter, this -hp- 330B gives precision
response flat at any frequency from
10 cps to 100 kc. Nine full-scale

ELECTRONICS — January, 1948

CHECK THESE SEVEN
IMPORTANT FUNCTIONS:

1. Measures total audio
distortion.

2. Checks distortion of
modulated r-f carrier.

3. Determines voltage level,
power output.

4. Measures amplifier gain and
response.

5. Directly measures audio noise
and hum.

6. Determines unknown audio
frequencies.

7. Serves as high-gain, wide-
band stabilized amplifier.

ranges are provided: .03, .1, .3, 1.0,
3.0, 10, 30, 100 and 300. Calibration
from +2 to —12 db is provided, and
ranges are related in 10 db steps.

The amplifier of the instrument can
be used in cascade with the vacuum
tube voltmeter to increase its sensitiv-
ity 100 times for noise and hum
measurements.

Accuracy throughout is approxi-
martely 3% and is unaffected by
changing of tubes or line voltage var-
iations. Qutput of the voltmeter has
terminals for connection to an oscil-
loscope, to permit visual presentation
of wave under measurement,

Noise and Distortion Analyzers
Avdio Frequency Oscillators
Amplifiers Power Supplies

Square Wave Generators

www americanradiohistorv com

Wave Analyzers
Avudio Signal Generators
UHF Signal Generators
Frequency Standards

Measures Direct From R-F Carrier

The -bp- 330B incorporates a linear
r-f detector to rectify the transmitted
carrier, and input circuits are contin-
uously variable from 500 kc to 60 mc
in 6 bands.

Ease of operation, universal appli-
cability, great stability and light
weight of this unique -hp- 330B Ana-
lyzer make it ideal for almost any
audio measurement in laboratory,
broadcast or production line work.
Full details are immediately avail-
able. Write or wire for them—today
Hewlett-Packard Company, 1437A
Page Mill Road, Palo Alto, Calif.

Frequency Mefers
Vacuum Tube Voltmeters
Attenuators
Electronic Tachometers
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PLASTICON HIVOLT SUPPLIES

High Voltage - Low Current DC Power Supplies

for

Television—Radiation Counters—Photloflash Devices—Electrostatic Precipita-
tors—Specirographic Analysers, Oscilloscopes, Etc.

HiVolt Supplies are self-contained in hermetically
sealed metal containers. They are designed to trans-
form low voltage AC to high voltage - low current DC.

HiVolt PS-1

Specifications:

Volts Input: 118 VAC, 60 cycles.

Volts Qutput: 2400 VDC (capacitor load)
Current Qutput: .006 Amps., half-wave DC.
Max. Watts Input: 15 watts.

Type of Filter: Not filtered.

Terminals: 8-32 screw and nuts.
Insulation: 118 VAC—2 bakelite washers;

2400 YDC—1 porcelain standoff;
2400 VDC—Ilug spotwelded to case.

Container: Terne plate steel—gray lacquer finish.
Size: 334" x 3 3/16” x 514",
Weight: 2.2 lbs.

List Price $18.95 F. O. B. Chicago

NOTE: The PS-1 is designed to charge a parallel-
wired bank of not more than 15 AOCOE-
22C3 Plasticon Energy Storage Capacitors

(48 mfd.).
[
HiVolt PS-2

Specifications: Regulation and Ripple Curves

Yolts Input: 118 VAC, 60 cycles. i -

Volts Output: 2400 VDC, maximum. \

Current Output: .005 Amps. DC. maximuim. 2200,

Max. Watts Input: 10 watts. \

Type of Filter: R. C. Filter: 50,000 ohms, 2x.1 mfds. . [74

Terminals: 8-32 screw and nut.

Insulators 118 VAC—2 bakelite washérs; /
2400 VDC—2 porcelain standoffs; =2 ]
container neutral. 2 » /

Container: Terne plate steel—gray lacquer finish. ,,,,,s, \ - 2%

Size: 334" x 3 3/16" x S’ 14 7 il

Weight: 2.5 Ibs. g | ™~

1400 L . %

List Price $25.75 F. O. B. Chicago 4 _— §

Y &

NOTE: The PS-2 is similar in appearance to the ) / 0.
PS-1 except that all four terminals are on mae ’

(s
P
Condenser Products Company

1375 NORTH BRANCH STREET « CHICAGO 22, ILLINOIS
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*MIRAGLAS VARNISHED TUBINGS
WOVEN TAPES, TUBINGS SLEEVINGS & TAPES

SLEEVINGS & CORDS COTTON TAPES & SLEEVINGS
CLOTHS, ETC. *MIRAGLAS-MICA COMBINATIONS
VARNISHES—WAXES—COMPOUNDS

»Woven of Fi

A PARTIAL LIST OF M-R PRODUCTS: FIBERGLAS VARNISHED TUBING, TAPE AND CLOTH - INSULATING PAPERS
AND TWINES + CABLE FILLING AND POTHEAD 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 — January, 1948




One of a series of messages 19 Lelp you increase your undeystanding of business paper advertising, and its effect on vour busiiess.

What happens when

the “‘push-overs”

start pushing back?

SK ANY GOOD SALESMAN, and he’ll tell you that
the lush days are just about gone-—along with
shortages, slow production and the sellers’ market.

Today, customers are playing hard to get. The
“push-overs’ are beginning to push back. Production
isn’t lagging any more—it’s already nearly double
the pre-war level, and fast catching up with demand.
There’s plenty of healthy competition in sight. And
you can be glad there is.

American business has always thrived on competi-
tion. It still can. But the machinery of selling and
distribution will have to work at peak efficiency.

And that means — more mechanization!

Mechanization is simply the application of assem-
bly-line methods to the manufacture of a sale. It's
the only way to balance mass production.

With mechanized selling, you won’t turn prospects
into “push-overs,” but you’ll certainly get them lean-
ing your way. By exploring the field, arousing inter-
est, creating a preference for the things your company

makes, mechanized selling multiplies the productive

capacity of your sales force by the hundreds, or
thousands, or by any number your market requires.

But this machine is no stranger to you. You know
it by its first name- ~ADVERTISING.

We'd just like to point out that now is the time to
put the machine to work, more consistently, more
aggressively than ever. And remember that when
your advertising goes {0 work in the right business
papers, with their tremendous concentration of hand-
picked readers, it becomes (/e most efficient machine
you can use for manufacturing sales at a profit.

Just how efficiently does business paper advertising work? If yoi’d like to
see some examples, we'll be glad to send you a recent ABP folder on actual
resulls. Also, if vou’d like reprints of this advertisement (or the entire series)
to show to others in your organization, you nay have them for the asking.

ELECTRONICS

is one of the 129 members of The Associated Business Papers,

whose chicf purpose is to maintain the bighest standards of editorial
belpfulness—for the benefit of reader and advertiser alike.
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PHILCO announces a sensational new
Radiophone Communication System that is
revolutionary! PHILCO engineers have de-
veloped an amazing “Channel Saver” circuit
that doubles the available channels in the
30-44 megacycle band . . . actually uses only
half the present channel width, without
loss of voice quality or efficiency.

The new PHILCO Radiophone Communi-
cation System brings you the most modern
design, with miniature tubes and new type

circuits . ..the only FM communications
; ; g syst that uses the sensational PHILCO
® Philco Radiophone Systems are Available for IV detector!
Oper.atlon on Al.l Fr'equenaes Assigned for And PHILCO maintains a nationwide
Mobile Communication. service organization now operating in
your community! Mail the coupon today
® Free Engineering Consultation Service. for full details.

P D G G S GED D I G G eap e Gmn
| Dept. J-2, Industrial Division |
| Philco Corporation
C and Tioga Streets
Philadelphia 34, Penna.

Gentlemen:

® Nationwide Service Organization.

Please send me information about the new
PHILCO FM Radiophone Communication
System.

NAME
ADDRESS
cTy

PHILADELPHIA e PENNSYLVANIA A e e ———
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IS RELAY EXPERIENCE

This 640-page, profusely illustrated
RELAY ENGINEERING HANDBOOK
brings you full benefit of 25 years
of specialized relay experience — in
terms of helping you select the right
relay for the job, then install and
maintain it properly. Over 15,000
engineers already use the Handbook.
3rd printing now available. $3 per copy.

¥ Low in price ¥ Small in Size

4 Adapted mechanically and electri-
cally to circuit requirements

¥ Built forunsurpassed
overall performance

V Prompt deliveries

v Designed for Under-
writers' requirements

TYPE
1M9XBX

A typical Struthers-
Dunn Relay type ori-
ginally designed for
vending machines

Illustration Approximately Twice Size

5,348 RELAY TYPES...

“tailored specifically to your needs”

With its vast array of 5,348 relay types to choose and
adapt from, Struthers-Dunn can readily match the
requirements of your circuit and your pocketbook.
As long-time specialists in quality relays for critical
applications, you will find our prices well in line —
and you'll get all of the many advantages of relays
that are specifically “tailored” for your circuit by

way of good measure.

STRUTHERN-DUNN

STRUTHERS-DUNN, INC., 150 N.

13TH STREET, PHILADELPHIA 7, PA.

January, 1948 — ELECTRONICS
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A lot of  clectronic and electrical
eguipment is going fo sea
these days. But it won’t

stay there long—in fact,
it won’t even stay sold—
unless it is Noise-Proofed
against radio interference.

To you—the manufacturer—
this means that your product
should include C-D Quietones
in its basic design. With safety at
sea—as well as listening
pleasure —at stake, your marine
customers demand the kind of
interference-free equipment
operation C-D Quietones are
designed to give. Of the hundreds
of Quietone types available, there
may be one which will fit your
needs to a “"T"; if not, our sleeves are
rolled up and we’re ready in
our moedern and complete
Radio Noise-Proofing Laboratory-—
to design the specific filter you need.
C-D Quietones will solve your
radio noise and spark suppression
problems speedily, permanently
and effectively. Your inquiry is invited.
Cornell-Dubilier Electric Corporation,
Dept. K1, South Plainfield, New Jersey.
Other large plants in New Bedford,
Worcester, and Brookline,
Massachusetts, and Providence, R. I.

@;

*

With C-I? 4 u¢2"_m

Make Your ) : .
Products More . ‘
Saleable with o Fneclalion fiom €-D

C-D Quietone

WORLD'S \MIST ADA ANCED RuDi0

Bad"o No"se “NOISE-PROOFING T LARDBRATORY
Filters and Spark _m‘ i WN’
Suppressors. g theiid Higadsy

CORNELL-DUBILIER
WORLD'S LARGEST MANUFACTURER OF
cAPAc Ilnns * Reg. U.9. Pat. Off.
35
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SPECIAL
MIXTURE

BECAUSE OFHC Copper looks like any other copper,
Revere takes great pains to identify it throughout process-
ing, to see it is not lost track of or mixed up with other types.
The obvious thing is to mark each piece, which is done, but
markings are obliterated by operations such as rolling, and so
Revere goes to the length of assigning special personnel to follow
each lot of OFHC Copper from one operation to another, watch-
ing carefully to be sure each load is kept intact.

In addition, Revere takes full cognizance of the fact that
OFHC Copper for radio purposes must have special qualities. In
making anodes, it must be deep drawn, and for the feather-edge
seal, it must be capable of being rolled or machined down to
.002”7/.010”. By carefully controlling mill processing, grain size
is kept at or below permissible limits. Freedom from oxygen,
and from voids, is guaranteed by the method of casting the bars
from which we roll the forms required. In addition, there is an
operation which results in Revere OFHC Copper being not just
commercially free but nearly absolutely free of internal and ex-
ternal defects. This great care in producing copper for radio and
radar purposes probably accounts for the fact that Revere is a
preferred source of supply.

36

REVERE PROBUCTS AND SERVICES

All Revere Metals are processed with the
care and attention required to assure that
they meet all metallurgical and physical
specifications. Revere supplies mill products
in non-ferrous metals and alloys, and also
electric welded and lockseam steel tube.
An important part of our service to industry
is the Revere Technical Advisory Service,
which will gladly collaborate with you on
specifications and fabrication methods.

REVERE

COPPER AND BRASS INCORPORATED

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

Mills: Baltimore, Md.; Chicago, Lll.; Detroit, Mich.;
Netl Bedford, Mass.; Rome, N. Y.
Sales Offices in Principal Cities, Distributors Everywbhere

January, 1948 — ELECTRONICS
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As a result of development work in our
research laboratories, we are in a posi-
tion to supply capacitor paper with a
remarkably low power factor.

Schweitzer thin gauge paper for ca-
pacitors, coils, transformers or other
applications using insulating papers can
be supplied in thicknesses ranging from
.00025” to .005”.

+
SCHWEIIZER PAPER CO. Inc.

New York Offices: Chrysler Bldg., New York 17.
Plants: Jersey City, N. J.; Mt. Holly Springs, Pa.

REPRESENTATIVES — CHICAGO AREA:
Russ Diethert Co., 612 North Michigan Avenue, Chicago 11, .
WESTERN U.S.:
Electrical Specialty Co., 316 Eleventh St., San Francisco 3, Calif.,
branch offices in Los Angeles; Denver; Seattle; Portland, Oregon

SCHWEITZ!

SPECIALISTS IN IHlN EAUE{INSUIATING PAPEI:S

ELECTRONICS — January, 1948 37
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Centralab reports to

C

CRL's ‘printed electronic circuit” (PEC). Provides all the

“Filpec” AR

Actual size

2

38

I December 1947: Lightweight, durable, with reliability and
e

ANNOUNCING “AMPEC"” — a miniature three-stage amplifier,
Centralab’s newest application of its revolutionary

“printed electronic circuit' (PEC)!

components of an audio amplifier — tube sockets, capacitors,

heretofore unobtainable in small units, Ampec is a resistors, wiring — “'printed” on one compact ceramic chassis
a typical application of according to your special requirements. 2.250” long, 1.156"

plete. 3-stage audio amplifier
wide. W't. 0.63 oz. Write for Bulletin 973,

Capacitor

Actual size

“printed electronic circuit” filter! As shown, Filpec is a brand new balanced diode s e @ Srgdai
load filter, lighter in weight, smaller in size than one ordinary capacitor. Resistance Guaranteed minimum life of 50.000

November 1947: Centralab announces new and revolutionary Filpec — wne 3 July 1947: New CRL Lever Suirch
values: 5 ohms to 10 megohms. Write for Bulletin 976. cycles. Write for Bulletin 970.

January, 1948 — ELECTRONICS
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Electronic Industry

Cutoway view of “‘Hi-Vo-Kap"’ shows

integral ceramic construction

Solid brass termi
nals, soldered direct-
ly to electrodes.

Meta silver elec-
trodes fued directly
to high dielectric
constant Ceramic-X.

Low loss. mineral
filled phenolic resin.

bt

Three terminal types
for strong, fast con-
nections.

bine high voltage. small size for tele- and FM performance! Flat, horizontal design saves valuable space, allows short
vision applications. For use as filter and leads, convenient location to coils, reduced lead inductances for increased efficiency
by-pass capacitors in video amplifiers. in low and high frequencies. Rugged, efficient. Write for Bulletin 953.

' June 1947:. CRL Hi-Vo-Kaps com- 5 May 1947: CRL development of brand new Slide Switch promises improved AM

March 1947: Fisst commercial application of its “printed electronic circuit”, @ February 1947: CRL [{i-Kaps,

Centralab's new Coxplate gives you a complcte interstage coupling circuit which com- miniature ceramic disc capacitors, ofter
bines into one unit the plate load resistor, the grid resistor, the plate by-pass capacitor ‘

| the coupling capacitor. Write for Bulletin 943, low mass weight. Write for Bulletin 933.

utmost reliability in small physical size,

LOOK TO CENTRALAB IN 1948! 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!

Cen

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

ELECTRONICS — January, 1948 39
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THOUSANDS OF SUCCESSFUL

Series R Stepper

Three bosic types of A, C.
and D, C. operation: con-
tinvous rotation, add and
subtract, electrical reset.
First two types have 40
active positions, electri-
cal reset has 36 contacts,
All three types follow 10
pulses per second with.
in rated voltage range,

T-110 Time Delay
Provides delayed opera.
tion from 10 to 60 seconds
using a resistance wound
bi-metal strip. In radio it
rreven's damage to recti-

iers and tube filaments by
retarding plate current until
tubes are sufficiently heated.
Used widely in industry
to change circuits after o
predetermined interval.

\ HELAYS

67 GUARDIAN

Series 595 D. C. Relay

Midget telephone type
unusual for omount of
power provided. Size
only 17/16"” x 1 3/8”

. Three outstanding
feu!ures — frictionless
pivot —proper copper-
iron balance—~capacity
to carry up to 8 single
pole, single throw
contact combinations.

APPLICATIONS PROVE

Series 220 A.C. Relay

Capable of breaking
currents up to 20 amps
at 230v.,60¢c., A

non-.inductive load.
Bakelite contact block
tests 1500 v. breck-
down to ground.
5/16 dual contacts
minimize arcing.

Series 600 Relay
Small, compact, Iow-

Contoct combino-
tions up to 4 P.D.T.
Power consumption,
6 V. A. Max. cap., 8
omps, 3 v. 10 230 v.
A.C,or3 v. to 110
v. D.C. Coil and
contact assemblies
interchangeable.

Series 100 A. C. Relay
Used successfully in
avtomatic home
washing machines.
1t is incorporated in
many new house-
hold oppliances now
on drafting boards.

it Choice

OF DESIGN ENGINEERS

Series A-300 Relay

Designed for low loss
antenno change-over,
Straight line position
of screw terminals ond
contact springs moine
tains equal spocing thru
reloy from transmise
sion line to transmitter,
Reduces impedonce

\“-smmch to minimum.
D—ll

Series 12 A, C. Solenold

For intermittent ond
continvous duty. Rated
atbv.10230v,60¢c.,
A. C. Stroke ranges from
1/8” up to 7/8”. Series
6 D.C.rated b v. to 2

v. Stroke 1/8" up to 2”.

Faced with responsibilities for the design and successful performance of their companies’products,
American design engineers are eagerly turning to Guardian Electric first for relays and complete
control assemblies. They find at Guardian a vast wealth of application and performance data,
on expert engineering staff with more thon o decade of specialized experience solving the
most complex and widely diversified control problems. Such experience offers design engineers
an exfra bonus value thru practical suggestions and valuable specific recommendations given
without cost or any obligation. Should your design call for a “special” control, Guardian has
probably built the self-same principle you seek into one of its large line of basic type units.
When such a basic type unit becomes the “special” you need thru slight variations, the savings
in time and money are substantial, you circumvent die costs and beat delivery schedules in the

bargann' Should special engineering be required, our staff is ot your disposal. Write — call on
Guardian for these excellent controls designed by Guardian engineers for engineers. Expert
advice is yours for the asking to help you design better products. thru improved techniques
which are now so vital to meet competition,

GUARDIAN

1625-A W. WALNUT STREET

A COMPLETE LINE OF RELAYS SERVING AMERICAN INDUSTRY

ELECTRIC

CHICAGO 12,

www.americanradiohistorv.com

ILLINOIS
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CONSTANT CAPACITANCE
GAS-FILLED CONDENSERS...

As easy to tune as your home receiver, and once set, this gas-filled Lapp
Condenser holds its capacitance under all conditions. No ‘“‘warm up”
required, no change in capacitance with change in temperature. As lump
capacitance for service at high voltage and high currents, these gas-filled
units save space, save power, and save trouble. Available in variable, ad-
justable, and fixed capacitance units. Condensers now in service range up
to 60,000 mmf. (fixed), 16,000 mmf. (variable and adjustable). Currcnt
ratings to 500 amperes R.M.S., and voltage ratings to 60 Kv peak.
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N'T SLIP out
' p DRIVER CA :
LWS?%;\LUPS TAPERED RECES!

RADIO

Builders and
Listeners
...Both Give Top Rating

to these Cost-Controlling,
Good-looking AMERICAN PHILLIPS SCREWS

1. TOP RATING in Production Savings: Fast, fumble-proof, automarically straight-driving
... American Phillips Screws make possible high-volume radio producticn where
even the slightest surface-scratch means “reject.” For at highest speeds, the 4-winged
American Phillips Driver can’t twist out to scar work-surfaces! Speed . . . with complete
safety both for work and workers . . . thaC’s the double advantage that makes American
Phillips Screws the lowest-cost fastening meibod on any Job. Whatever product vaw assem-
ble, you will find that American Phillips Screws pay off with SAVINGS UP TO 50C,.

2. TOP RATING in Sales Promotion: The decorative heads of American Phillips Screws
are a customer-accepted mark of quality. And they're an added assurance of service-
ability under incessant use. So standardize on American Phitlips Screws throughout
your assembly departments. Write:

AMERICAN SCREW COMPANY, PROVIDENCE 1, RHODE ISLAND

42

Chicago 11 589 E. lilinois St. Detroit 2: 502 Stephenson Building
ALL METALS: Steel,

Brass, Branze, Stain-

less Steel, Aluminum,
Monel, Everdur (sili-
; con bronze)

January, 1948 — ELECTRONICS
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Model MX Rim Drive, Constant Speed
Electric Phonograph Motor

Modél.RC:130 Cambinatlon. Record:
‘Changer Recorder - .

Model R-90 Dual-Speed, Home Recording
dnd Phonograph Assembly

ELECTRONICS — January, 1948

WIRE RECORDERS

CL

i
i
"_
-

TAPE RECORDERS

N\,

Ve

o] B 8

=

DISC RECORDERS

COIN-OPERATED
PHONOGRAPHS

a bigger, better measure of

famous (U Swotih Fowet

It’s the General Industries RM-4 Smooth Power phono-
recorder motor—long a popular favorite for disc recorders and
heavy duty phonograph units—nsw redesigned and improved
to meet the power requirements of wire and tape recorders.

New features include special locating and locking means for new
top and bottom covers which assures highaccuracy in alignment
of rotor within the stator bore...dual aluminum cooling fans
and scientific air intakes for maximum cooling effectiveness.

Its advantages: Greater power . . . longer motor life . . . quicter
operation . . . less vibration . . . cooler running characteristics

. minimum magnetic field radiation. And, like all GI motor
units, it affords split-second pick up to full constant speed—
true Smooth Power performance.

Complete information and performance data upon request. Wiite today.

The GENERAL INDUSTRIES Co.

DEPT. B, ELYRIA, OHIO
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WESTON Electronic Analyzer—Model 769. Incor-
porating: 1. A conventional Volt-Ohm-Milliam- »
meter with self-contained power source. 2. A high-
impedance electronic Volt-Ohmmeter using 115
volt, 60 cycle power. 3. A stable, probe-type,
Vacuum Tube Voltmeter, for use to 300 megacycles.

WESTON Multi-Purpose
- TUBECHECKER — Model 798. This universal

tubechecker offers within one instrument pro-
vision for testing: 1. Receiving tubes. 2. Volt-
age regulator tubes. 3. Light dury thyratren
tubes such as 2A4—6D4—884—885—2051. Scale
is calibrated “Good-Bad” as well as in mutuat
conductance readings.

These portable Westons are specifically designed for
expediting electronic maintenance . . . for doing the job
better — faster. All are engineered and built in the strictest
traditions of Weston accuracy and dependability. For fur-
ther details see your local WESTON representative, or
write . .. Weston Electrical Instrument Corporation, 618

T {(A0)) Ao Frelinghuysen Avenue, Newark 5, New Jersey.

T

Direct Reading Insulation Tester —Model 799. w E s I 0 N

Compact, one-hand-operated insulation tester with .1

to 10,000 megohm range, using a test potential less

than 50 volts d-c. Indicates: 1. Insulation properties. /0

2. Leakage resistance. 3. Conductivity of insulating t t
ol . : & ndlcumenls

materials. 4. Leakage due to moisture absorption.
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e large or small, one or a million, AlSiMag technical ceramics are custom made in the
composition with the correct physical characteristics for your application. On

request AlSiMag engineers will be glad to help

you find the best design and’ pomposTﬁon for your requirements.

461th YEA-R O F CERAMIC LEADERSHIP

AMERICAN LAVA CORPORATION

CHATTANOOGA 5, TENNESSEE

L

SALES OFFICES: ST. LOUIS, MO, R. H. Geiser, Tel: Garfield 4959 » CAMBRIDGE, MASS., 5. F. Morse, Tel: Kirkland 4498 » NEWARK, N. 5., §. H. Mills, Tel: Mitchell 2-8159 ¢ PHILADELPHIA,
S. J. McDowell, Tel: Stevenson 4-2823 * CHICAGO, W E. Glasby, Tel: Central 1721 o SAN FRANCISCO, F. S. Hurst, Tel: Douglas 2464 ¢ LOS ANGELES, L. W. Thompson, Tel: Mutual 9076




Right . . .

FOR TODAY'S NEW CIRCUITS

NEW CATALOG LINE OF €7
TRANSFORMERS AND REACTORS

New and up-to-date, vet embodying all the quality, precision
engineering and outstanding construction features for which
Chicago Transformers have long been recognized.

Ratings have been skillfully selected by men who know the latest
trends in circuit design. They provide maximum flexibility in
application and close matching with today’s most widely used tubes.
Audio transformers have 600/150-0lim impedances and

e coutribute to product performance which not only meets but
# surpasses RMA and FCC standards for high quality repro-

duction, uniformfrequency response over the required
i *+%ge  ranges, and freedom from distoriion. Power transformers
‘2. meet or surpass RMA standards for temperature rise and
% insulation test voltages.*Combined in the power series are
W Ry

filfer reactors with conmveniently matched D.C. current ratings.
Transformers and reactors are mounted in drawn steel cases in

s three variations of C'T’s famous “Sealed In Steel” construction.
. This provides protection against atmospheric moisture,
icient magnetic and electro-static shielding, strength

‘md rigidity to withstand shock and vibration, convenience

in mounting. compactness, and clean, streamlined appearance.

PUBLIC ADDRESS INDUSTRIAL

ot ] 3501 ADDISON STREET CHICAGO 18, ILLINOIS
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NEW! A complete
portahle recording console

THE PRESTO 90-A

T TR L -‘gﬂ_ﬁn—.

Here in one easily portable unit is complete amplifier equip-
ment to produce recordings on remote assignments that equal
the best recordings in permanent installations.

Presto 90-A has 3 low-level input channels with mixers, master
gain control and variable high and low frequency cqualizers.

It has four fixed characteristics: flat between 30 and 15,000
CPS...NAB recording...78 r. p. m. recording...playback com-
plimenting NAB recording.

Other features include: line input and output, V.U. meter,
switching for one or two recorders, over-all gain—115 db, power
— 10 watts undistorted.

In quality of parts and workmanship and in flexibility of opera-
tion, the Presto 90-A is the equal of the finest studio equipment.

Presto engineers are proud to present this new recording
console as a forward step in recording equipmant.

Immediate delivery can be made from stock.

RECORDING CORPORATION
248 WEST 55TH STREET, NEW YORK 19, N. Y.
Walter P. Downs, Ltd., in Canada

FREE! Presto will send you free of charge a complete
bibliography of all technical and engineering articles
on disc recording published since 1921. Send us a
post card today.

ELECTRONICS — January, 1948
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WESTERN UNION

in Sensationally Rapid

Hundreds of Clare Relays are used in this Western Union Push-Button Switching
instcllation. Covers are removed from first four banks at top to show location
o~ Care Relays, which play an important part in Western Union’s new ultra-
modern, high-speed communications program. Pictured is a rear view of
pasitions on which the outgoing sides of the various circuits are terminated.

P cture in upper left shows the easily removable Clare mounting base used
ir this Western Union installation. The base slips readily into place on jack
mrountings . . . simplifies mounting, assembly, and maintenance.




uses CLARE

‘“*Custom=Built’’

Relas

Push-Button Switching Systems

Revolutionary New Program Speeds up Service—Insures Accuracy
—Provides Maximum Operating Convenience

Rapidly and on a vast scale . . . the Western Union
Telegraph Company is revolutionizing telegraph op-
erating methods.

Western Union engineers have developed the Push-
Button Switching System, which is being installed at
strategic points throughout the country . . . to speed
up the more than a half-million telegrams handled
daily. With it, telegrams will be typed only once—
at the point of origin.

Many thousands of Clare Relays, “custom-built” to

the exacting specifications of Western Union’s engi-

neers, perform important functions in the Push-But-
ton Switching System, which opens a new era in faster
Western Union service.

Each incoming connection terminates in a printer-
perforator which records the characters upon a tape
and perforates the code combination for each char-
acter in the tape. All the operator is required to do

is read the destination and, by pressing the proper
push button in the switching turret, cause the message
to be re-transmitted to the proper outgoing circuit.

Use of Clare Relays in this tremendously important
Western Union program is a tribute to the ability of
Clare’s engineers to supply relays of maximum relia-
bility for so exacting a requirement. Clare Relays are
built for applications where precise performance, long
life, and dependability are prime requisites.

Clare Sales engineers, trained in the Clare “custom-
building” principle, are at your service . . . ready to
show you how Clare “Custom-Built” Multiple Contact
Relays are the effective answer to modern design.
problems. Look them up in your classified telephone
directory or write: C. P. Clare & Company, 4719 West
Sunnyside Avenue, Chicago 30, Illinois. In Canada:
Canadian Line Materials Ltd., Toronto 13. Cable
address: CLARELAY.

Receiving positions for the incoming lines where Western Union switching clerks push buttons
on the switching turrets and, in a flash, telegrams are speeded onward to their desti-
nations. This push-button telegraphy opens a new era of faster, finer Western Union service.

www.americanradiohistorv.com




PROFESSIONAL PERFORMANCE — that keeps the or

Make Each ]
Record a

\\ 4
Personal \, PV

4
Appearance./ N

—with precision control of recording quality

Listen critically: Your station is on the air. There’s your an-
nouncer’s voice . . . the opening music . . . the song . . . the
chatter. Is it a ‘live’ or a ‘recorded’ program? Not even your
trained ears should be able to tell!

Today, truly professional recording reproduces all of the
quality and natural beauty of music or speech with full
naturalness. It keeps the original sound alive.

You can sum up the reasons for the unexcelled ‘live’ performance of the
Fairchild Unit 523 Studio Recorder in one simple statement: It provides a
maximum flexibility of mechanical operation that permits the operator to secure
unexcelled quality of reproduction. Fairchild provides instant, infinite variation
of pitch from 80 to 160 lines-per-inch by means of a unique planetary-driven
lead screw. Operation is controlled by a single, easily accessible knob, as illus-
trated at the left. This makes it possible to record a very loud passage at 90
lines-per-inch and to follow it with soft passages at 120 or 130 lines-per-inch
without dial twisting or the danger of overcutting the next groove.

Timing is accurate to a split-second. Operation is ‘WOW’-free. Turntable
noise, rumble and vibration are non-existent. And the performance of the
Fairchild Unit 541 Magnetic Cutterhead — which is standard equipment on the
Unit 523 Studio Recorder—-has been engineered for full dynamic range; minimum
distortion content and broad frequency range. Want more details? Address:
88-06 Van Wyck Blvd., Jamaica 1, N. Y.

CAMERA
AND INSTRUMENT CORPORATION

50
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iginal sound alive!

Studio Recorders
Magnetie Cuttorheads
Transeription Turntables
Portable Recorders
Lateral Dynamic Pickups

Unitized Amplifiers

%
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*  GIRDLER

 VIBRATION |

?‘-

LORD Mountings Used by The Girdler Corporation in Thermex
High Frequency Heating Equipment to Isolate Blower Vibration—
Protect Oscillator Tube—For Greater Efficiency, Service Life . . .

Greater efficiency —longer service life—smooth, quiet
performance are obtained in Thermex high frequency heating
units by thorough isolation of vibration. Protection of sensitive
electronic equipment from vibration is so important that The
Girdler Corporation, Thermex Div., specifies a complete Lord
Vibration Control System in- their procuct.

The Lord Vibration Control System in this Thermex unit
provides two-way protection . . . first, by isolating blower vi-
bration, and secondly —for complete pratection—isolating the
sensitive oscillator tube from external vibratory disturbances.
Four Lord Shear-Type Bonded-Rubber Mountings under the
blower and motor assembly prevent its vibration from damag-
ing the oscillator tube. Three more Lord Mountings support
the oscillator tube, effectively guarding it against shock and
vibration from nearby machinery.

Whether you manufacture electronic equipment or any
other product, you can increase your sales by eliminating costly,
destructive vibration. It will pay you to consult Lord . . . make
us your headquarters for product improvement through Lord
Vibration Control Systems.

Vibvalion Conbol

WWW.americanradiohistorv.com



Yet Maintain
igh Performance Quality

b

Economy Corrosion Resistance

e . =

...use GENERAL PLATE
I.aminated Metals

The versatility of General Plate Laminated Metals ¢nables you to
O =

simplify designs, cut costs and maintain precious metal performance
such as exceptional electrical conductivity, corrosion resistance and long

operating life.

Here s how.— by pe.rmanemly bonding a thin layer of precious metal e — Easy Soldering
to relatively inexpensive base metal, General Plate Laminated Metal
gives you all the advantages of precious metal performance at a frac-
tion of the cost of solid precious metal. In addition, the base metal adds
strength, while the combination is more workable, easier to fabricate, /

easier to solder, braze or weld. — z
General Plate Laminated Metal is ideal for use in such equipment as: e <

electrical contacts, chemical apparatus, radar and radio equipment,
mobile equipment and instruments.

Base to base metal combinations providing physical and structural
properties not found in single base metals are also available. General
Plate Engineers will gladly help you with your problems. Write:

GENERAL PLATE DIVISION

of Metals & Controls Corporafion
ATTLEBORO, MASSACHUSETTS

50 Church St., New Yofk, N.Y. + 205 W. Wacker Drive, Chicago, Ill.
2635 Page Drive, Altadenq, Calif.

Electrical Performance Sheet, Wire, Tube

62 January, 1948 — ELECTRONICS
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to detect and measure

New GL-5674 6=Electrode
Electrometer Tube

8 Presentday research—in nuclear physics,
in medicine, in industry—calls for pre-
cisely this tube. General Electric has orig-
inated Type GL-5674 to meet the demand
for an electrometer pliotron which com-
bines great sensitivity with stable operation.

Stability is vital in view of the many
extraneous influences that affectread-
ings of extremely small currents—such
factars as fluctuations in tube-filament
emission due to the smallness of the
electron flow, variations in battery
voltage, temperature changes, and
external impulses from nearby elec-
trical fields.

® Type GL-5674, prc?perl‘y ap-
i plied, offsets these influences
by using two control grids and
two anodes (operating with a

w:.'» FIRST AND GREATEST NAME

ELECTRONICS — January, 1948
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common filament and space-charge
grid), connected in a Wheatstone-
bridge circuit. Variations in emission,
and other sporadic or continuous
causes of instability, thus are balanced
out. In consequence, G.E.’s new plio-
tron will measure accurately down to
5 x 10-16 amperes. This is such an ex-
tremely small current that the noise
level of the grid resistor becomes a
limiting factor.

Complete information about this

great new pliotron gladly will be
supplied to scientists and engineers
interested in its application to radia-
tion detection, delicate photoelectric
measurements, or other fields. Write
to General Electric Company, Electronics
Department, Schenectady 5, N, Y.

GENERAL ¢} ELECTRIC

161-G23-8850

IN ELECTRONICS
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A New,
Color-rich
Plastic Bonnet

ger

the New
Electric
Vacuum Cleaner

Above, top side view of motor dome
as molded for Miracle Electric Company,
Chicago 3, lllinois. The miniature repro-
duction to the right shows the dome’s
intricately designed wall separations

Item was compression molded

of phenolic. Color—maroon.

Thco Use of a Plastic (moTOR DOME)
Serves .. Saves.. Sells .. Satisfies!

It serves, because it is Strong, Heat-resistant, Properly engineered, Expertly
molded. It saves, because it is light of weight. It sells and satisfies, through
customer appeal. Its rich color is mold-polished to exquisite brilliance.

Since 1874, Consolidated has practiced high quality custom molding. As of
today, therefor, we have reached the position where we can counsel on product
design, determine the right material, produce the proper mold and deliver

the most desirable and econom-

ical method of production. In-

iries invited. | . X
I lonsolidated
- MOLDED PRODUCTS Cosporalion

309 CHERRY STREET,
SCRANTON 2, PA.

Browches: NEW YORK, 1790 Broogwoy o CHICAGO, 549 W. Rondolph St. » DETROIT, $50 Moccabees Bldg. » CLEVELAND, 4614 Praspe ¢t Av. o BRIDGEPORT, 21 Sigte Streel.

PRODUCT DEVELOPMENT + MOLD DESIGN + MOLD CONSTRUCTION « PLUNGER MOLDING ¢ TRANSFER MOLDING -« INJECTION MOLDING + COMPRESSION MOLDING
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 foaton s a Jensen speaxx

‘ '0“30“ g/ﬂz%é%éz REPRODUCERS

NOW WITH 4[”/005 PM DESIGN

JENSEN Speech Master Reproduc-
ers have long been widely used
in moderate-level intercom, pag-
ing and P.A. systems. Now, in
Alwrco 5. design, they are once
more available for all applications
where clear, crisp, intelligible
speech and good “talk-back’ per-
formance are required. Ideal for
amateur, commercial, police and
aviation phone communication as
separate units or integral equip-

ment. In amateur CW they aid se-

lectivity, help signals override

QRM and QRN. The husky voice

coil withstands keying transients.

JENSEN MANUFACTURING CO.
6607 S. LARAMIE AVE., CHICAGO 38, ILL.

In Canada: Copper Wire Products, Ltd.
11 King Street W., Toronto 1

W,

ELECTRONICS — January, 1948

MODEL AP-10 SPEECH MASTER
(Desk Type)

AINICO 5.PM design, Complete with
swivel base and tilt adjustment. Double
dustproofed, fully enclosed and pro-
tected. Internal mounting bracket for
Yax 12" transtormer. Power rating S
watts. Height 6%, depth 5", diame-
ter 5. Attractive hammered gray finish

with satin chrome trim. 368" RC cord.
Shipping weight 5% lbs.
List Price
AP-10 (ST-590) with 3-4 ohm
voice coil . 513.90
AP-10 (ST-591) with 45-50 ohm
voice coil . 14.50

MODEL AP-11 SPEECH MASTER
(Panel Type)

Similar to AP-10 but without swivel base.
Clearance eyelets for mounting screws.
Mounts in 4-27/64" clitout. Depth from
front panel 412", Power rating 5 watts.
Screws and drilling template furnished.
Shipping weight 3% lbs.

List Price
AP-11 (ST-592) with 3-4 ohm
voice coil
AP-11 (ST-593) with 45-50 ohm
voice coil . . .

311.30

11.90

MODEL AR-10 REFLEX SPEECH
MASTER REPRODUCER

Specially designed reflex horn incraases
efficiency in mid-range, giving added
effectiveness and punch to speech qual-
ity’ when used for paging, intercom and
call systems operated at moderate lev-
els. Reflex construction prevents direct
access of snow or rain to speaker dia-
phragm. Power rating 8 walts. Space
within case provided for mounting Y2 x
V2" transformer. Over-all diameter 10°,
depth 8”. Complete with bracket for wall
or post mounting.

AR-10 (ST-643) with 3-4 ohm

voice coil .
(ST-644) with 45-50 ohm
voice coil

List Price

$20.00
AR-10
20.75

@e&wld and g///anu/acﬁnew
(/// Sene cdcowslic éo(/u!'/unen/
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Lead-In Lines Play an Important
Part in Television Reception

The effects of attenuation and impedance mismatch
on FM and Television reception are minimized by
Anaconda Type ATV* lead-in lines.

The satin-smooth polyethylene insulation of Type
ATYV line sheds water readily, thus avoiding subse-
quent impedance discontinuities. This material also
has exceptionally high resistance to corrosion. Count
on Anaconda to solve your high-frequency transmis-
sion problems—with anything from a new-type lead-in

line to the latest development in coaxial cables. «w
#An Anaconda Trade-Mark

A Type ATV lead-In /- 1/’
for Every Need 4

Anaconda offers a complete selection of Type ATV
lead-in lines for 75, 125, 150 and 300 ohms imped-
ance unshielded and 150 ohms shielded. For an
electrical and physical characteristics bulletin, write
to Anaconda Wire and Cable Company, 25 Broad-
‘way, New York 4, N. Y.

A ANACONDA WIRE AND CABLE COMPANY

January, 1948 — ELECTRONICS
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NOW...FOR THE FIRST TIME...

WM//M sttt/

These new instruments mean revolutionary

@ These two new Hings Detectors absolutely and
positively eliminate static and interference in
reception for the first time. Where others have
tried before with “squelch” and “limiter” cir-
cuits, International Electronic has succeeded com-
pletely through two entirely new systems of
detection—the Noise Neutralizing Detector for
AM, and Triggered Detector for CW and CS'!

improvement in any type of point-to-point com-
munication . . . are particularly indispensable to
police and aircraft networks, ship-to-shore and
overseas communication, to automatic printers,
tape recorders, alarms and similar operations.
They again make practical the use of low-fre-
quency and high-frequency transmission.

i
P S S S G R S
The Hings Noise Neutralizing De- e NND is controlled in its phase
tector for AM ("'NND"’ for conven- and amplitude by a second self-
ience in reference) brings you all generated carrier. Damage to in-
of these vital advantages: coming signal and intelligence
e Neutralizes all noises such as  from impulse saturation or shock
static and ignition completely. is literally repaired.
e Permits greater signal-to-noise @ Gives Clean reproduction
ratio and vastly improved selec- through interference for fac-
tivity. simile.
e Introduces a new operating ] Elim.inates static streaks from
threshold for AM. television.
o Permits standby operation of @ Maintains fidelity of modula-
receiver with maximum sensitiv.  tion.
ity and without atmospheric inter- e Incorporates self-contained
ference. AVC.
or
Hings Triggered Bghest S
cor oW and CS CW and €
The Hings Triggered Detector for e Internally generated signal is
CWand CS (““TD’' for sake of brev- controlled by incoming signal and
ity) offers the following tremen- not by noise shocks.
dously important features: e Stands noise many thousands
e Permits completely silent of times the amplitude of the
standby with both tone and DC  signal.
reproduction of any signal period. e Suitable for selecting desired
e Provides selectivity of better ~CWsignalfrominterfering signals.
than 300 cycles in heavy static e Supplies direct or inverted key-
without any circuit noise. ing energy.
e Permits direct operation of au- e For automatic printers, marker
tomatic equipment or relays. spaces can be varied.
e Allowstone-selection to suitthe e Recommended for handling as
operator. high as 150 words per'minute.
l Manufactured under one or more Hings ond Garstang patents.

Both the Hings NND and the TD are supplied in stand-
ard rack mounting, suitable for operation with any com-
munications receiver. They are provided with self-con-
tained audio-system and power supply, and connect to the
IF circuit of the normal receiver. When ordering specify
the IF frequency of the receiver with which the Hings
Detectors are to operate. Send for illustrated booklet de-
scribing operation and stating engineering details. Engineer-
ing services are avatlable for applying the Hings NND and
TD to present commercial receivers.

Fized Frequency R.F. Panels for use with NND and TD
will be available shortly.

INTERNATIONAL ELECTRONIC CORPORATION « INDIANAPOLIS

Affilioted with Electronic Laboratories of Conada Ltd., Vancouver, B. C.

www americanradiohistorv com



For over 20 years, the
- KENYON “K* has been a
; W sign of transformer reli-
ablhfy Ever since the cot's-whisker, crystal-set
days, KENYON has pioneered high quality trans-
formers. Skillful engineering, progressive design
and sound construction have resulted in depend-
able, conservatively-rated transformers with an
enviable record for minimum field rejections. Cut
engineering and replacement costs. Improve prod-
ucts. Insure repeat busmess. Specify - KENY()Ml

ey iy /" > S/ /

(R AT TS e

Consuh KENYON

Abouf Your Tmnsformer Problems

KENYON TRANSFORMER CO. Inc S5

January, 1948 — ELECTRONICS
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For a COMPLETE LINE OF SOLDERS in any composition
or any shape . ..for the answer to any joining problem . ..
for fast deliveries and friendly service . .. call the nearest

Federated office.

All of Federated’s 25 sales offices and 11 plants are
linked . .. joined...in a common purpose—to bring
you the advantages of the uniformly good facili-

ties which this huge organization maintains.

BALTIMORE, MD.
BECKEMEYEL, ILL.
BIRMINGIIAM, ALA.
BOSTON, MASS.
CHICAGO, ILL.
CINCINNATI, OI10
DALLAS. TEXAS
DENVER, COLO.
DETROIT, MICH.

EL PASO, TEXAS
IIOUSTON, TEXAS

1.0S ANGELES, CALIF.
MILWAUKEE, WISC.
MINNEAPOLIS, MINN.
NEWARK, N.J.

NEW YORK, N. Y.
OSHKOSH, WISC.
PERTH AMBOY, N.J.
PHILADELPHIA, TA.
PORTLAND, ORE.
ROCHESTER, N.T.

ST. LOUIS, MO. )
SALT LAKE CITY, UTAL{
SAN FRANCISCO. CALIF.
SEATTLE, WASIL
TREN10N. N.J.
WHITING, 1ND.

Featoritiel

METALS DIVISION

AMERICAN SMELTING AND REFINING COMPANY
120 BROADWAY NEW YORK 5, N. VY.

ELECTRONICS — January, 1948
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MAGNET

IT PAYS TO DESIGN FOR

SINTERED ALNICO Il MAGNETS

Costwise as well as from a general efficiency
standpoint, permanent magnets of Stackpole
Sintered Alnico 11 often offer real advantages—
especially where odd shapes and small sizes
(to approximately 2 oz. weight) are required.
Smoother surfaces for easier brazing or solder-
ing, closer tolerances, greater mechanical
strength and higher uniformity plus low cost
form an unsurpassed combination.

Dies for many standard rectangular and cylin-

STACKPOLE

BRUSHES and CONTACTS (all carbon, graphite, metal and composition types) e

ELECTROLYTIC ANODES ¢ WELDING and BRAZING CARBONS e

CARBON COMPANY, St.

drical shapes are available. Beyond these, how-
ever, it is entirely practical to adapt magnets of
many unusual shapes to economical sintered
production simply by avoiding reentrant angles
and having holes, slots and offsets aligned in
the direction of molding pressure. Designed in
this manner, odd shapes may readily be built
into relatively inexpensive dies from which
thousands of permanent magnets can be molded
without extra machining and forming operations.

Marys, Pa.

IRON CORES

SAMPLES!

Stackpole can produce spe-
cific samples of Sintered Alnico
Il magnets without dies. This
service is freely available to
prospective users who send
full details of required

shapes, sizes, and quantities.

RARE METAL CONTACTS o
CONTINUOUSLY ADJUSTABLE CARBON RHEOSTAT DISCS

» COIL FORMS ¢ MOLDED PUMP AND FLUID DRIVE SEALS o BATTERY CARBONS ¢ BEARING MATERIALS ¢ TROLLEY SHOES, etc.

40
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TUBE AND LAMP COMPONENTS

Hard glass leads, welds, tungsten ond
"""""" molybdenum wire, rod and sheet, formed
W parts and other components for electronic
tubes and incandescent lomps. Seamless
molybdenum tubing in o wide range of

diameters, Also tungsten, molybdenum and
alloy parts by powder metollurgy.

ELECTROM!CS — January, 1948

‘reduce wire shrinkage
and breakage with callite
high tensile tungsten wire

% uniform strength throughout
% uniform quality from batch to batch

Now — for the first time — you can mass-produce radio
and electronic tubes with a remarkably new, high tensile
strength tungsten wire, cleaned and straightened with
a 2-40 fnish. Callite, the nation’s pioneer in tungsten
metallurgy, developed this durable fine wire, after
many years of experimentation to satisfy the specific
needs of electronic tube manufacturers.
e has a uniform high tensile strength.
s will not sag or snap off in assembly or operation.
o can be supplied on spools in any wire size or
quantity for volume production.

You'll convince yourself with a single test of this
amazing wire in your plant. Write today for a sample
specifying diameter desired. Catalog No. 156 free on
request. Callite Tungsten Corporation, 544 Thirty-ninth
Street, Union City, New Jersey. Branch offices in
Chicago, Illinois; Cleveland, Ohio.

WwWWW._americanradiohistorv.com

6l



@ Whatever your transformer needs
—power units like these, or special
designs for deflection yokes, hori-
zontal or vertical sweeps, or oscil-
lators—General Electric can supply
them . . . and quickly. G.E. offers
its facilities and engineering

“know-how” to television manu-
facturers in tailoring these trans-
formers to their requirements. Just
tell us your specifications and we
will meet them to your complete
satisfaction. Power-supply trans-
formers are available now in core-

and-coil and enclosed-case styles as
standard units designed for tele-
vision applications. Units for other
uses-are tailor-made from standard
parts. Ask your G-E representative
for more information; you’ll be
pleased with the prices and ship-
ments he will offer you.

NEW PYRANOL CAPACITORS
SAVE SPACE, WEIGHT, MONEY
—

If you have been using 600-volt d-c
capacitors on circuits rated 400
volts or less, you're in for a sub-
stantial saving in weight, size and
cost by specifying General Elec-

tric’s new 400-volt Pyranol units.
Compared with 600-volt ratings,
these new, standard, 400-volt ca-
pacitors will save you from 24 to
51 per cent in volume, 23 to 33 per
cent in weight, and approximately
10 per cent in cost. They are avail-
able in 2-, 4-, 6-, 8- and 10-muf
ratings with solder-lug or screw-
thread terminals optional on the
four larger sizes; the 2-muf size
comes with solder-lug terminals
only.

New developments, such as sili-
cones and new paper, are continu-
ally improving the quality of G-E
capacitors. They also permit our
engineers to handle your new re-
quirements to your complete satis-
faction. Write for quotation on any

capacitor needs, or check Bulletin
GEA-2621 for more information
on the new d-¢ line described
above.

NEW,
SMALLER
SELENIUM
RECTIFIER

This new General Electric selenium
rectifier, less than one inch long
and one inch square, is available
now for receiver and other elec-
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tronic applications. It costs little
and mounts in places where a rec-
tifier tube and socket won’t fit. Tests
prove that this new selenium rec-
tifier will outlast several 117-volt
rectifier tubes. Installation is easier
t00—only two soldering opera-
tions and a minimum of mounting
hardware are required.

These rectifiers have an excep-
tionally high inverse-peak rating,
and the inverse current is extremely
low even with peak voltages up to
350 volts. At rated current output,
the forward drop is five volts or
Jess. Ratings are based on ambients
of 50 to 60 C. Check Bulletin 21-
127 for more information on this
and other General Electric radio
rectifiers.

NEW MACHINABLE PLASTIC
FOR UHF INSULATION

A new arrival in the plastics in-
sulator field is G-E No. 1422, which
offers characteristics of advantage
in the manufacture of ultra-high-
frequency equipment, television,
FM, radar, and radio sets, and many
other electronic applications. Pos-
sessing a dielectric constant of 2.5
to 2.6 with a power factor of .0006
to .0009 at 3000 mc, G-E No. 1422
exhibits unusual heat resistance and
excellent machinability.

Indicative of its machinability is
the industrial production of r-f con-
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nector beads from G-ENo. 1422 on
automatic and semi-automatic
screw machines. As a low-loss di-
electric in the hands of the electric-
equipment designer, it affords an
excellent low-cost means of pro-
ducing experimental models and
small production quantitiesthrough
the use of standard machine shop
tools. Check coupon for technical
report.

HANDLES 12 CIRCUITS
SIMULTANEOUSLY

This new telephone-type relay is
capable of handling as many as 12
circuits in a wide variety of contact
combinations. Designed for multi-
purpose use in industrial electronic
apparatus, communications and
signaling equipment, these devices
have service lives measured in mil-
lions of operations. Working from
five basic contact arrangements,
combinations can be stacked to
satisfy intricate circuit switching
requirements. Silver, palladium, or
tungsten contacts can be supplied;
the choice depends on rating and
life specifications.

More than 500 different coils are
available, with ratings ranging

GENERAL ELECTRIC COMPANY, Section A642-16
Apparatus. Department, Schenectady 5, N. Y.

Please send me:
| [0 GEA-2621

[0 GEA-3299
] GEA-1574

400-v D-c Capacitors
Type KT Time Meter

Name e
I Company
Address__... .
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TIMELY HIGHLIGHTS
ON G-E COMPONENTS

4
\!

from 1 to 250 volts, and 0.1 to
26,000 ohms. This varied selection
of coil ratings makes it possible to
match closely the coil voltage and
resistance with the rating of the
energizing circuits. Check Bulletin
GEA-4859 for full details.

£
%
i

TO MEASURE gt |
TUBE LIFE L

Now available for immediate deliv-
ery, General Electric Type KT
time meters are ideal for inclusion
in transmitters and other electronic
equipment where knowledge of
tube “on time” is important. They
can record operating time in hours,
tenths of hours, or minutes, and are
built in four forms: round or square
for panel mounting, portable with
attached base, or for conduit mount-
ing. Those designed for panel
mounting are housed in small Tex-
tolite cases that harmonize with
other panel devices.

Telechron motor drive assures
an accurate record of tube opera-
tion over a long period of time.
They can also be used on electronic
production tools, such as resistance
welders, to keep an accurate record
of machine operating time. Re-
searchers use them for measuring
time intervals, verifying circuit op-
eration, and life testing. Bulletins
GEA-3299 and GEA-1574 have full
details.

0 21-127 Selenium Rectifier
[1 GEA-4859 Telephone-type Relay
[0 Report on G-E No. 1422 Plastic

NOTE: More data available in Sweets’ File for Product Designers.



tHe HIGH STANDARD of Your namE

IS ASSURED WHEN YOU BUILD IN

Potter & Brumfield

RELAYS AND TIMERS

SUPERMETIC hermetically sealed

condensing units for electrical refrigeration depend on small but rugged P& B motor-

starting relays instead of centrifugal switches for positive cut out of the starting coil.

This motor-starting relay is o pertinent example of
Potter & Brumfield performance engineering as a
solution to difficult switching problems.

Servel, Inc.,, of Evansville, Indiana, found that
neither centrifugal switches nor ordinary motor-start-
ing relays would stand up in their new Supermetic
electric refrigeration units. They presented the prob-
lem—which included o number of new complexities —
to Potter & Brumfield engineers.

The resulting relay met all Servel requirements
(including Servel's demand for unfailing depend-
ability through a full year of rigid field tests after

laboratory approval)—and is now in fully satis-

factory service on thousands of the Servel units. In
addition to its proved performance, the relay has the
further virtues of mechanical simplicity and low fabri-
cation cost.

For just such practical performance engineering,
Potter & Brumfield engineers are always at your
service. We solicit your inquiries on all types of
reldy problems.

Potter & Brumfield also offers a standard line of
relays which are fully illustrated and described in a
comprehensive 22-page catalog. Midget, power,
leaf, shock-proof, plate-circuit, telephone and many
other types are offered in stock assemblies. Write

for your copy of the catalog.

YOUR LOCAL ELECTRONICS PARTS DISTRIBUTOR STOCKS STANDARD P & B RELAYS

4B

POTTER & BRUMFIELD SALES COMPANY
549 W. WASHINGTON BLVD., CHICAGO 6, ILLINOIS - FACTORY AT PRINCETON, INDIANA
Export: 2020 Engineering Building, Chicago 6, lllinois
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POLITICAL ACTION-
Labor’s Blind Alley

HE approach of the 1948 elections
brings organized labor in America to
a fork in the road.

Straight ahead lies the familiar route of
free collective bargaining. Except for an
occasional side trip, labor has been travel-

ing it for years. On this road the role of
government is to act as traffic cop, remov-
ing obstructions for all travelers.

The fork is the road of political action—the road
to special privilege for labor. On it government
is called upon to clear a special right of way for
organized labor —to push aside all others.

Which of these two roads will organized labor
take?

Most American labor leaders are now urging

their followers toward political action. Their first '
objective is to “‘get” all members of Congress who
voted for the Taft-Hartley Act.  AFL plans to

raise a $5 million political combat fund through
contributions and a per capita tax on its mem-
bership. CIO is soliciting $1 donations for polit-
ical action from its 6,000,000 members.

For their own sake, however, as well as for the
welfare of the country as a whole, the rank and
file of organized labor will do well to stop, look
and listen before they turn their unions into
political action squads. If they examine the facts
for themselves, they will make twe significant
discoveries: o .

SERCRRCNPUN P SRR SO

I. Political action is a blind alley for labor.

I1. The Taft-Hartley Act is an essential
bulwark of free collective bargaining.

A brief discussion of these two statements will
show what they mean to organized labor.

I

Political action is a blind alley for labor.

If there is any doubt about that statement, a
good way to dispel the doubt is to look at Euro-
pean countries where organized labor has been
following a political action line.

Britain, where the Labor Party is in power, is
such a country. How is labor faring there? Meas-
ured by the good things money buys, the average
hourly wage in Britain is less than two-thirds of
what it is in the United States. Part of the differ-
ence may be accounted for by the fact that the
British Isles are poorer in natural resources than
the United States. Another reason is the war dam-
age to Britain’s plants.

But there are two other big reasons why the
British wage earner is far behind the American
worker in enjoying the good things of life:

1. The incentive to produce has been dulled by
vote-catching programs which promise eco-
nomic security and a levelling of incomes.
Lulled by promises of cradle-to-the-grave
security and discouraged by high taxes, the
British have descended to a_state. neatly de-
scribed by the London Economist: i
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“Nobody gains anything from activity or
suffers anything from inactivity.”

2. To run a program like Britain’s requires more
and more government functionaries. Civilian
employees of the British government have in-
creased by 50% since before the war, putting
one worker out of ten on the government pay-
roll. More and more people stop producing
and spend their time instead cutting up what
others produce. The result is smaller produc-
tion, higher taxes and lower real wages.

The British Labor Party must accept most of
the responsibility for this sorry state of affairs.
It is due primarily to a program of political action
by organized labor which promised the individual
worker security and equality of income—but
which can not deliver either because the incen-
tive to work is gone.

The lesson for American wage earners is clear.
Political action by unions to enforce the economic
fallacy of more-and-more-for-less-and-less will
end by impoverishing the working man—and
bringing the nation to ruin.

Unions exist for collective bargaining; not for

I1

The Taft-Hartley Act is an essential bul-
wark of free collective bargaining.

politicking.

Bargaining works satisfactorily only when both
parties—management and labor—think they are
getting a fairly even break.

Management was very sure that the Wagner
Act, as administered from 1935 to 1947, was giv-
ing employers the short end of the stick. Further-
more, management’s feeling of frustration was
no whim. It was justified by case after case where
rights were granted to organized labor with no
counterbalancing recognition of the rights of
management, of individual workers or of the
public. '

The Taft-Hartley Act goes a long way toward
establishing equality in employer-union relations.
It may fall short of doing a perfect job. As a sub-
sequent editorial in this series will show, it leaves
virtually untouched the public menace of indus-
try-wide bargaining and labor monopoly. And it
leaves unprotected what should be the individ-
ual’s right to hold a job without joining any
particular organization. But it does provide some
major safeguards for collective bargaining by
striking at abuses.

Organized labor, therefore, has no cause to
damn the members of Congress who voted for the
Taft-Hartley Act. True, the law will check what
has been an uninterrupted march of the labor
union bosses toward absolute power. It will do so
just as laws in the past—The Sherman Anti-Trust
Act, for example—have checked management
when it was too greedy. And, as the first section
of this editorial points out, the time has come
to check the march of the big labor bosses.

Fundamentally, the Taft-Hartley Act gives free
collective bargaining a new lease on life. The old
lease was running out because the Wagner Act
stacked the cards against employers, against in-
dividual workers, and against the public.

The road to free collective bargaining is
now clear of many of the most menacing
obstructions. It is the only road for labor
to take in its own self interest. Union work-
ers who let their leaders lure them down
the blind alley of political action will do so
at their own peril —and at the peril of this
great industrial nation.

President, McGraw-Hill Publishing Company, Inc.

THIS IS THE 63ro OF A SERIES
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RELAYS OF ADAPTABILITY

Type BN

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 3! 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. at 2.5 watts and 220 volts; 25

and 60 cycles at 4.5 volt-amperes.

*Type “"CN"" is S.P.S.T. doubie break relay with 50 ampere
contacts and coil capacity of 115 v, D.C. at 3.5 watts and
220 volts; 60 cycles at 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 BOHO

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 Control 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

ALL'ED CONTROL CO., lNC. 2 EAST END AVENUE, NEW YORK 21,N.Y,
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SWAGED-CATHODE
DRY ELECTROLYTICS
SOLVE SET PROBLEMS

Swaged-Cathode construction is often useful in
multiple-section units such as this Solar Type
DY Capacitor.

The swaged-cathode dry electrolytic
capacitor, a construction similar to a non-
inductive paper tubular in its method of
connection to the cathode electrode, is a
useful method of overcoming many prob-
lems which set designers face today.

Originally developed by Solar to help
suppress vibrator hash and coupling in
high-gain circuits of the early automobile
receivers, the swaged-cathode dry elec-
trolytic is even more helpful today in
improving performance of today’s high-
gain miniaturized equipment.

Among the advantages of this type of con-
struction in multiple-section capacitors is
greatly reduced coupling between sections
and exceptionally low r-f impedance for all
sections when compared either to standard
designs or to special constructions with
special tab placements. Swaged-cathode
capacitors also have greater stability of
electrical characteristics throughout their
life. By their use, paper bypass capacitors
may sometimes be eliminated where they
would be necessary when standard capacitor
constructions are used.

For example, a typical swaged-cathode
Solar Type DY “Twist-Prong” electrolytic
with a 10 mf 450 wvdc input section has
one-tenth the common coupling between
sections of a standard design and has ap-
proximately one-fifth the input r-f impe-
dance over the a-m broadcast band. Even
greater reductions will be found with other
ratings where the anode lengths are greater.
Swaged-cathode construction may be speci-
fied for all Solar dry electrolytic capacitors.

For further information read the January-
February, 1948 issue of THE SOLAR
SYSTEM published by Solar Manufactur-
ing Corporation, 1445 Hudson Blvd., North
Bergen, N. J. Copies available upon request.

SOLAR CAPACITORS

“Quality Above All”
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BUSINESS BRIEFS

By W. W. MacDONALD

Business Briefs has been ap-
pearing in ELECTRONICS just one
year. We dreamed up the title at
considerable pain and, so help us,
thought it was original. But so
little is.

Dave Ritchie of Houston, Texas,
has been using the name since 1936
in connection with a monthly house
organ containing condensations of
marketing, selling and other news
for clients, friends, and prospects
of his advertising agency. He has
recently started to syndicate it for
use as a house organ by others.

Says Dave: “Confidentially, I
think we are both to be congratu-
lated on our choice of the words.”
Which seems fair enough to us.

Broadcast Station Revenue in-
creased approximately 8 percent
in 1946 over 1945, according to an
FCC report just released. Eight
a-m networks and 1,025 a-m sta-
tions reported a $322,552,771 take.
Expenses were up 14 percent to
$246,086,525 however, so that in-
come before Federal tax was $76,-
466,246, a decline of 8.5 percent.

The increase in industry revenue
was due largely to non-network
time sales, up 13 percent over 1945.
Networks showed less than 1 per-
cent increase. About one-third
of the revenue and one-fourth of
the income in the business accrued
to the networks and their owned-
and-operated stations.

Citizens Radio Service walkie-
talkie developed by a mid-western
manufacturer and awaiting FCC
class-B type approval is attract-
ing consumer inquiries by the
gross, despite the fact that news
concerning it has so far travelled
around the country exclusively by
word-of-mouth. One mail-order
house alone is said to have placed
an order for 600 units at about
$§175 per pair.

New Electronic Tools, rather
than further refinements of exist-
ing ones, are what industry needs,
according to GE’s Bill White, upon
whom we called in Schenectady dur-
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ing the month, He showed us one
example, a microwave transmitter-
receiver reminiscent of early radar
gear that makes a fascinating burg-
lar alarm, and told us about another
that duplicates one of man’s senses
but about which we ean say no more
at this writing.

Labor Costs are 69 percent
higher today in radio receiver
manufacturing plants than they
were in 1939, according to RMA’s
Bond Geddes. Average hourly rate
of pay was 58.1 cents in 1939, 68
cents in 1941, and is now $1.15.

Speaking Of Cost, manufactur-
ers of super-high-quality compo-
nents are crying, now that military
orders have declined. The price
war is on again, particularly in the
radio business,

The parts boys are faced with
the alternatives of cutting corners
and going after volume or sticking
to their guns and being satisfied
with smaller, more highly special-
ized businesses. The decision is
often a tough one, because many
of those inclined toward the lat-
ter course have big war-developed
plants.

Receiving Tube Sales by RMA
member companies totalled 145,-
540,732 in the first nine months of
1947. Of this total 93,997,110 went
into new equipment, 32,734,888
were sold for replacement use, 18,-
212,126 were exported, and 596,608
were purchased by government
agencies.

To Gordon Volkenant of Minne-
apolis-Honeywell, whose recent
speech and demonstration before
the Sales Executives Club of New
York proves that an engineer can
sell electronics to executives if he
talks their language, we are in-
debted for a neat phrase: “unneces-
sary device for am unimportant
function.”

Never have we heard one that
more aptly describes many of the
projects undertaken in this some-
times-too-fascinating field at the ex-
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Here’s an Eimac 4-65A that has been
subject to a prolonged 12809 over-
load . . . look at it ... a 65-watt tube
that dissipated 900 watts before phys-
ical evidence of overload, and still no
mechanical failure . . . in ncrmal serv-
ice it's still going strong.

1180% OVERLOAD

PYROVAC...A NEWEIMACPLATE MATERIAL

The story’s out . . . Pyrovac, a new Eimac plate ma-
terial, the culmination of ten years research and
millions of hours of life test data, is now in standard
production—at no extra cost.

Pyrovac is truly as important a milestone of vac-
uum tube development as the thoriated tungsten
filament. Pyrovac plates, like the thoriated tung-
sten filament, open a new vista for vacuum tube life
performance.

This new material combines the advantages of tan-
talum to overloads, molybdenum’s sirength, weight
and conductivity, and carbon’s ability to dissipate
heat .. . with none of the disadvantages of these ma-
terials. Tubes with Pyrovac plates are mechanically
rugged, require no additional getters and they do
not gas even under extreme overloads.

The life span of tubes with Pyrovac plates far ex-
ceeds that of tubes incorporating plates of conven-
tional materials. For example, under conditions
where a tube gave 3000 hours of service the same
tube type with a Pyrovac plate gave 15,0C0 hours ¢t
life, a 400 percent increase!

Pyraovac plates are capable of handling overloads in
excess of 1000%. For instance, the 4-65A plate
pictured above was radiating 900 watts of heat, a
12809% overload . . . without indication that the
eventual life of the tube or its characteristics were
atfected. We don't suggest you dissipate 900 watts
of heat in your Eimac 4-65A’s (you could probably
do it), but this example establishes proof that
Pyravac is a superior plate material destined to be-
come the anode standard of the vacuum tube in-
dustry.

Pyrovac plates were first incorporated in the Eimac
4-250A in the early part of 1946 and followed in
the 4-125A  As a result there has been universal
acceptance of these tubes in all fields of electronic
endeavor. . . . Further proof of the superiority of
this new plate material. In the ensuing period of

Type 4-250A

Type 4-125A

g

time all Eimac internal anode type tubes have been
converted to Pyrovac plates as rapidly as production
facilities would allow.

For your assurance to obtain the most in perform-
ance and satisfaction for your vacuum-tube-dollar,
insist on Eimac tubes . . the criterion of good de-
sign in any electronic equipment.

EITEL-McCULLOUGH, INC.
190 San Mateo Ave.
San Bruno, California

Follow the Leaders to

ott-

a
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e
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BEAUTY FOR DUTY

The Turner 33D Dynamic microphone is designed with
an exceptionally smooth wide-range response and high
effective output. It is ideal for both voice and music pick-
ups where quality of reproduction is desired. Engineered
with Alnico magnets and Turner precision diaphragm
for maximum sensitivity. The entire circuit is well shielded
to prevent extraneocus pickup. Modern streamlme design
and rich satin chrome finish matches the quality of its
performance. Recommended for recording, public address
and call system, and amateur work. Also available as
Model 33X with high quality crystal circuit.

SPECIFICATIONS

Level . . . 54db below 1 volt/dyne/sq. cm. at high impedance.
Response Flat within = 5db from 30 to 9000 ¢ p.s.
Impedance 50, 200, 500 ohms, or high impedance.
Directivity Semi-directional. Non-directional when tilted full 90°.
Cable . . . . . . . . . 20 it shielded, removable cable set.
Coupler .« « « +« < < . . . . . Standard 9g"—27 thread.

®

WRITE FOR COMPLETE TURNER CATALOG

THE TURNER COMPANY

905 17th Sireet N. E. Cedar Rapids, lowa

FOR ACCURACY, RELIABILITY, AND SOUND PERFORMANCE

TURN TO MICROPHONES BY TURNER

Microphones licensed under U. S. patents of the American Telephone
and Telegraph Company, and Western [lectric Company, Incorporated.
Crystals licensed under patents of the Brush Development Company.
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BUSINESS BRIEFS {continued)

pense of more deserving engineer-
ing jobs.

Printed Circuits Symposium
note published in this column in
December (p 74) pulled many let-
ters asking for more information.
To others interested in the subject
we’re recommending the National
Bureau of Standards circular
“Printed Circuit Techniques”, by
Brunetti and Curtis, available
through the Government Printing
Office, and the Proceedings of the
Symposium itself, soon to be made
available through the same source.

Brunetti advises that another
svmposium to be staged in Wash-
ington in the spring will cover
miniature power supplies, with the
principal emphasis on batteries.

Taxi Radio Interference is be-
coming a serious problem in sev-
eral cities, where signals from sim-
ilar services in nearby towns are
regularly heard. Some sort of co-
operative sharing of channels seems
indicated, particularly since such a
plan would also enable other cab
operators, at present out in the
cold with respect- to radio, to par-
ticipate.

Selective Calling Systems are
in for a face-lifting that should
make them more acceptable to peo-
ple who have held out for some-
thing that works faster.

At least two companies are near
ready with dial-less equipment
utilizing tones, or tones and pulses,
to simplify and speed up operation,
and phone companies interested in
common-carrier radio service are
working on the idea too. Details
in our feature pages in a month or
two.

Mobile Radio Applications are
growing at such a rate it is sur-
prising that we haven’t already
heard about smart boys setting up
wayside repair stations.

It will come.

Out-Of-Town Papers were in-
vited to copy an item we saw in a
newspaper the other day, and we
ourselves rush to take advange of
this kind offer., The item read as
follows: “Ten noisiest cities in the

January, 1948 — ELECTRONICS



United States are Reno, Philadel-
phia, Boston, Las Vegas, Chicago,
Washington, San Francisco, Dallas,
Detroit and St. Louis, according to
Duotone sound engineers.

One of Our Readers described
a camera shutter-speed calibrator
in ELECTRONICS back in May 1944
(p 164). Now he has his patents
and says he would like to sell them
outright or license some manufac-
turer on a royalty basis.

The device would be at its best
in retail repair shops. Address on
request to “Business Briefs.”

Exports of all types of radio
equipment totalled $33,000,000 in
the second quarter of 1947, accord-
ing to the U. S. Department of
Commerce. First-quarter exports
were valued at $28,600,000.

Tele Receiver Sales in the metro-
politan New York area will run
about 63 percent table-top types
and 37 percent consoles in 1948,
according to a DuMont survey
among 64 dealers. Some 57 per-
cent of the sets will probably have
television alone, 21 percent should
inciude a-m and f-m radio, and the
remaining 22 percent will in all
liklihood contain a record player
as well.

Men are obviously dominating
most purchases.

IRE Winter Meeting registra-
tiecn last March at New York to-
talled 11,895 (we estimated 12,000
on p 80, July 1947), with the fol-
lowing breakdown:

5,706 non-members
2,687 Associates
856 Senior members
829 Members
812 non-members*®
524 applications pending
351 Students
130 Fellows

* Registered as members

Refinancing of electronic equip-
ment manufacturing firms appears
to be at its peak. We ourselves have
been instrumental in getting sev-
eral buyers and sellers together.
There is, it appears, plenty of busi-
ness on some books, but not much
cash.

Birds’ Nests in the vicinity of
the Owens-Corning plant at New-
ark, Ohio are largely fabricated of
Fiberglas Wool.

ELECTRONICS — January, 1948
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Nickel after nickel...

hour after hour...

Unrivalled it

Performance k.

Perhaps the world’s toughest job for an electrolytic capacitor is found in
the familiar “‘juke box.” Necessarily rugged in itself, the “juke box”
requires sturdy components. High temperatures, heavy ripple currents,
high voltages and continuous operation impose a tough set of conditions.

Mallory FP capacitors are famous the world over for their ability to
stand up under severe punishment. That’s why, in so many thousands of
“Juke boxes,” like the popular J. P. Seeburg Co. instrument pictured,
Mallory FPs are standard equipment. No other capacitors perform so
dependably—nickel afier nickel, hour after hour, year afier year!

MATEBRY carscrrons

(ELECTROLYTIC, OIL and WAX)

Everything vou :vantto knowabous Aallory
electrolyfic capacitors—types, sizes. elec
tricat characteristics—even data on test
measurements and mounting hardware.
Write today for a free copy.

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

. FINK....Editor....]JANUARY, 1948

CROSS

» ALARM . .. In the course of testing the Hazeltine
Fremodyne circuit (p 83, this issue) we have had
occasion for some soul searching concerning present
trends in receiver design. The alarm is generated
by the large values of signal radiated by many
receivers, particularly the inexpensive ones. The
Fremodyne (25 to 65 millivolts radiated by the local
oscillator) is no worse in this respect than many
another f-m receiver or television receiver which
uses no r-f stage. So we are not singling out any
particular receiver in this respect, but we do feel
impelled to question the value of all such receivers.
If the local oscillator frequency of an f-m receiver
is below the f-m band (as it is in some models,
despite admonitions of their designers), the local
oscillator radiation falls in the television channels.
And 65 millivolts fed to a dipole can raise hob with
a block full of television sets. If the oscillator fre-
quency is above the band it falls on airport fre-
quencies which, while not so vulnerable to its effects,
are nevertheless involved in the safety of human
freight. A well-designed r-f stage costs money, but
it goes a long way toward curing this evil. It should
be used on all sets, even the cheapest ones. There
is no ‘excuse whatever, cost included, for a local
oseillator on the low side of the f-m band.

The poor audio quality of some of the receiver de-
signs concerns us also, but not so much. A manu-
facturer takes his chance in the market, with an in-
creasingly critical public, if his set has too much dis-
tortion or noise or both. But when his set affects
adversely the performance of other equipment, in
the hands of the public, and particularly if it affects
the safety of airport operation, the horse has an
entirely different hue. We view this latter tendency
with great alarm. If ever there was a chance for
practical statesmanship in radio engineering, the
mitigation of this evil is it.

» BOILERS, AGAIN ... Our editorial inquiry some
months ago concerning the propriety of television for
monitoring the water level in high pressure boilers
has stirred up such a vigorous defense of the method
that we are bound, in all fairness, to state the case

TALK

in its favor. A television system, for all its complex-
ity and need of careful maintenance, has one com-
pelling advantage as a monitor: it cannot give a
wrong answer. The television picture either shows
the water level correctly as revealed in the gauge,
or it shows nothing at all. If the television system
is backed up by a system of mirrors which will permit
an alternative method of monitoring to be used on
short notice, the television system interposes no
danger. Other, simpler systems of monitoring now
available are not similarly foolproof. So television,
plus a quickly available backstop, is a good answer to
a vexing problem.

» PRIZE . .. It has been many years (not since the
Davisson award in 1937) that a physicist has been
awarded the Nobel Prize for work in the radio-and-
electronic field. We are particularly happy, therefore,
to note the recent award of this honor to Sir Edward
Appleton, whose discovery of the ionosphere in 1924
and subsequent studies in this field put long distance
transmission of radio waves on a firm quantitative
basis. We are pleased to note another award to Sir
Edward, not so generally publicized, the Medal of
Merit which he received for his contributions to radar
and for promoting cooperation between British and
American scientists during the second world war.
No one in Great Britain did more to perfect the
harmonious interplay of thought and action between
the two Allied groups working on radar, loran and
related arts.

» WALKIES . . . A spokesman for the FCC asks us to
enlist the cooperation of readers in the fight against
unauthorized use of walkie-talkie sets and other
surplus transmitters. These cannot usually be
licensed for civilian use, but this fact is often not
understood by the purchaser in advance of his pur-
chase. This situation is so well known to those who
work in the electronics business that advice to beware
such equipment hardly applies directly. But we can
help indirectly, by warning less-knowing friends that
careful inquiry concerning licenses should be made
in advance of purchase.

www.americanradiohistorv.com



Bandwidth vs Noise

HE BASIC QUESTION in communi-
Tcations is the relative value of
various schemes of modulation,
amplitude modulation, frequency
modulation, pulse-time modulation
and pulse-code modulation, to name
but a few. New light on this ques-
tion was shed at a symposium of
four papers presented Nov. 12 by
the New York Section of the IRE.
At this meeting, C. E. Shannon of
the Bell Telephone Laboratories
presented an extension of the theory
of communication in the form of a
general relation between the band-
width used by a system, its ca-
pacity to transmit information,
and the signal-noise ratio pres-
ent. Using this relationship,
three other speakers (B. D.
Loughlin of Hazeltine, A. G.
Clavier of Federal, and J. R. Pierce
of BTL) drew conclusions concern-
ing the relative efficiency of a-m,
f-m, ptm and pem systems as car-
riers of information.

Influence of Noise

The first statement of the new
law to appear in print was published
in an editorial’ in ELECTRONICS
quoting W. G. Tuller. In essence,
the new law is a reformulation of
the Hartley law,” which says that
the amount of information which
can be transmitted in a given time
is proportional to the bandwidth
occupied by the communication
channel. The revised law says that
the amount of information which
can be transmitted in a given time
is also determined by the logarithm
of the signal-noise ratio plus one.

The original Hartley law, as
applied to television, for example,
states that a 525-line, 30-frame
image, having equal vertical and
horizontal resolution, must occupy
a channel at least 4.5 mc wide. The
new law states that, if we are will-
ing to increase the signal relative
to the noise, at whatever cost, the
bandwidth can be reduced below 4.5
me, without reducing the total
amount of pictorial information
conveyed in a given time.

This relation between bandwidth
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FIG. 1—Essential elements of a communication system, used by Shannon as a basis
for treatment of bandwidth-noise problem. The transformation from message to signal
is accomplished by some form of modulation

NEW WORLDS TO CONQUER

Modulation is not just a means of
superimposing a message onto a read-
ily transmitted carrier; it is also a
means of protecting the message from
noise during transmission. Just how
effectively modulation accomplishes
this second objective determines its
utility.

Current basic investigations using
the powerful mathematical-physical
concepts of quantum mechanics, out-
lined in this article, show that the
ratio of received message power to
thermal noise. power is related to
bandwidth; the greater the signal
power, the narrower the bandwidth re-
quired to maintain a given quality of
transmission.

The basic communication problem
is to find modulation methods that
make these theoretical improvements
possible. The opportunity is open to
conquer new worlds in communications
technology

and noise is not a new subject. Prior
to 1935, it was believed that the in-
formation-carrying capacity of a
circuit was dependent upon its
bandwidth, and there the theory
stopped. But in that year, before a
technical world hardly ready to ac-
cept the concept, E. H. Armstrong
proved that the signal-noise ratio
of a broadcasting station could be
improved materially by assigning a
wide band to it.* His method was
frequency modulation, whereby a
spectrum 150 ke wide was occupied
by a broadcast station operating
with a 15-ke¢ modulating signal, or
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about 5 times as wide as would be
required by a double-sideband am-
plitude-modulation station.

The effect can be expressed, in
somewhat idealized form, as fol-
lows: if the bandwidth utilized by
an f-m station is doubled, other fac-
tors remaining unchanged, an im-
provement of 6 db in signal-noise
ratio can be ideally achieved. Thus
for each doubling of the bandwidth,
6 db is added to the signal-noise
ratio.

The new law shows that this
improved performance of an f-m
system over an a-m one is still far
from the ideal case. The ideal sys-
tem, the best permissible under the
new concept, is one in which the
number of db improvement in sig-
nal-noise (for high signal-noise
ratios) is directly proportional to
the bandwidth employed. In other
words, the number of db improve-
ment is multiplied (rather than
added, as in the f-m case) when the
bandwidth is increased. Thus in
the ideal system, doubling a given
bandwidth may add a 10 db im-
provement in signal-noise ratio. If
the band is then doubled again, the
improvement is 10 times 10, or 100
db, a vast improvement, relative to
the additive system typified by f-m.
It turns out that the pulse-code
modulation system,’ alone of the
schemes now known, is a multipli-
cative system. From a strictly
theoretical point of view, pem is
thus the preferable system to use,
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in Communication
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FIG, 2—Signal waveform can be specified
by sampling the amplitude at regularly
spaced intervals

FIG. 3—Representation of a signal by a
point in a three-dimensional signal space.
The noise surrounds the signal point

FIG. 4—Representation of equivalent mes-
sages as a point in a two-dimensional
message space

Reporting an IRE symposium on the reformulation of the Hartley Law. New theory

places limit on the extent to which bandwidth can be traded for signal-to-noise ratio,

shows extent to which a-m, f-m, ptm and pcm make use of communication channel

when economy in the use of the
ether spectrum is the primary con-
sideration. If other economic fac-
tors (such as cost of equipment)
are present, as they are in broad-
casting, pem may lose its advan-

tage.

The new law (which has not yet
received a name, but in which
Tuller, Shannon, Sullivan and

Wiener, of MIT, BTL, CalTech and
MIT respectively, have had a hand)
takes the following simple form
C=Wlog. 1+ P/N) (1
Here C is the capacity of the chan-
nel to carry information per unit
time (strictly speaking, the num-
ber of binary digits which can be
transmitted in unit time), W is the
bandwidth of the communication
channel, and P/N is the signal-noise
ratio in power units. The law states
that if the capacity of the channel
is to be increased, this may be done
by increasing the bandwidth W, or
eqnally well (cost not considered)
by increasing the signal power rela-
tive to the noise. Alternatively, if
we are satisfied with a given capac-
ity, we may trade off bandwidth for
signal-noise ratio. We may reduce
the bandwidth W, if we are willing
and able to increase the signal-noise
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ratio (by adding transmitter power
or reducing noise). Or we may in-
crease the bandwidth, and thereby
permit a reduction in transmitter
power, or an increase in noise, with-
out harm to the capacity (e.g. qual-
ity of reproduction) of the circuit.

All this trading is possible in an
ideal system, of which Eq. 1 is de-
scriptive. Nonideal systems exist,
in which increasing the bandwidth
may increase the noise, as in the
nonlimited a-m system. But if the
systern is clever enough to take
full advantage of the ideal law,
then bandwidth and signal-noise
may be traded as indicated in Eq. 1.
Pcm is one such clever system.

Underlying Logic

The proof of the law is not a
simple matter, since it involves mul-
tidimensional spaces not familiar to
the communication engineer. But
the thread of the argument may

nevertheless be followed from the

reasoning presented by Shannon,
which is herewith reported as given
at the IRE meeting.

Figure 1 shows a typical commu-
nication system in which the initial
information, in the form of a mes-
sage, is transformed, by a transmit-
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ter using some form of modulation,
into a signal. While the signal is
in the communication channel, noise
is imposed upon it. Noise is defined
as a statistical variation imposed
on, but not correlated in any way
with, the signal. The receiver trans-
forms the signal-plus-noise back
into a message which is perceived at
the destination.

We now assign a bandwidth W
cps to the communication channel,
and put the channel to use for a
period of T seconds. We inquire into
what sorts of signals may be han-
dled within this bandwidth and
within this time. While it is im-
possible to construct exactly any
signal function (except zero) which
has no spectrum components outside
the bandwidth W and no temporal
existence outside the time T, some
fair approximations may be so con-
structed.

A generalized example is shown
in Fig. 2. Here we have a signal
waveform plotted against time.
Such a signal (of duration T sec-
onds) may be passed through the
system having W bandwidth, if its
narrowest hump (half-wave com-
ponent) is no narrower than
1/(2W) seconds. Moreover, if we
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sample the amplitude at intervals
of time equal to 1/(2W), the sam-
ple amplitudes, taken throughout
the duration of the signal, serve to
specify the signal uniquely. Since
we have taken T as the duration of
the signal, it follows that there are
T/(1/(2W)) = 2WT sample am-
plitudes in the whole length of the
signal function.

To take a concrete example, if
a video waveform depicts a tele-
vision program for an hour (3,600
seconds) over a bandwith of 4,000,-
000 cps, there are 2 X 3,600 X 4,-
000,000 = 28.8 billion sample am-
plitudes in the signal. If we knew
all these sample amplitudes, we
could reconstruct the program ex-
actly, even though we did not have
the actual video waveform for ref-
erence. It thus takes 2WT different
quantities to specify uniquely all the
different types of signals which
might be sent over a channel of
bandwidth W cps during T seconds.

Coordinates of Communication

Whenever such a large and gen-
eral description of a quantity is en-
countered, it has proved most in-
formative to adopt geometric meth-
ods of thinking. So, (and here is a
big step so far as engineers are
concerned) each possible signal ca-
pable of transmission through the
system is imagined as a point in
multidimensional space. Since a
point is specified in space by its
coordinates, and since the signal
point (for the complete program)
has 2WT different numbers re-
quired to specify it, it follows that
the appropriate space has 2WT di-
mensions. In the television case
previously cited, the space has 28.8
billion dimensions.

While such a space cannot be
visualized (any more than four-di-
mensional space can be visualized),
its properties may be deduced by
the symbolized logic of mathema-
tics, and examples may be visual-
ized by reducing the problem to one,
two, or three dimensions. For ex-
ample, if we have a signal point in
multidimensional space, it has the
following coordinates: z,, z., z. . .

. T.wr and its average energy is
proportional to the sum of the
squares of its coordinates. This
energy is proportional to the square
of the distance of the signal point
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FIG. 5—Mapping is the process of transformation from message space to signal space.

(A) Single-sideband a-m in two dimensions, (B) Double-sideband a-m from one to two

dimensions, (C) Filling in unused space in double-sideband case, by utilizing a wide-
band modulation system

from the origin of the space, re-
gardless of the number of dimen-
sions we consider. So we have a
convenient relation between the
ordinates which describe the signal
and the average energy of the
signal.

To take a three-dimensional case
(a 3-cps channel in use for one
second, for example), consider Fig.
3. All the possible signals which
may be transmitted are represented
as points in three dimensional
space. Surrounding each such pos-
sible signal is a region of uncer-
tainty (the boundary of which be-
comes sharper as the number of di-
mensions increases), which repre-
sents the effects of noise.

In other words, the noise adds to
or subtracts from the ordinates
specifying the signal point in a
random way which makes it impos-
sible to know exactly where the
signal point is after the noise has
been added in the transmission sys-
tem. But, if we know the average
value of the noise energy, which we
recall is proportional to the square
of a distance connecting points in
the space, we know the radius of the
roughly spherical region within
which the signal point is located.
The same concept applies in a space
of. any number of dimensions, even
though the shapes may not be visu-
alized. So we have a signal-space in-
habited by points representing pos-
sible signals, each point surrounded
by a region of uncertainty which
represents the random effects of
noise.

We now consider the message be-
fore its translation into a signal.
The message, for example, may be
the audio waveform before applica-
tion to a frequency-modulated
transmitter, the f-m wave radiated
being the corresponding signal.
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Each message has a spectrum of
frequencies contained within a
band W, cps (usually equal to or
smaller than the channel bandwidth
W). Moreover the message lasts a
time 7, seconds, which may be
shorter or longer than the signal
duration T. Acting on the same
logic as in the signal space, we
imagine a message space of 2W,T,
dimensions. Each point in this
space represents a possible message
having the given message spectrum
W, and message duration 7T, In
Fig. 4 we depict a two-dimen-
sional space (a message having
a 2-cps spectrum which lasts one
second, for example).

Moreover, we may imagine
groups of messages which are indis-
tinguishable from éne another when
perceived at the destination of the
system. For example, we may shift
the phase of the harmonic com-
ponents of a speech waveform with-
out changing the sound of the
speech as perceived by the ear. If
we represent all such indistinguish-
able messages as points on an arc of
a circle centered on the origin, we
may specify all such messages by a
single quantity, the radial distance
from the origin to the arc, as shown
in Fig. 4. In this case the message
space is reduced to one effective
dimension.

Function of Modulation

Having, by dint of some exercise
of the imagination, dreamed up two
spaces, one containing the message,
the other the corresponding signal,
we now inquire concerning the
translation process from message
to signal at the transmitter and vice
versa at the receiver. This transla-
tion, in geometric terms, is known
as mapping the one space into the
other. An example is given in Fig.
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FIG. 6—Derivation of revised Hartley law:

is based on a spherical signal space, with
radius squared proportional to sum of sig-
nal power plus noise power

5A. If the transmitter employs
single-sideband a-m, the mapping
procedure is a one-to-one transla-
tion, changing only the position on
a frequency scale. If double-side-
band a-m is used, two sidebands are
produced for each modulating har-
monic component, so a message
space of N dimensions is thereby
translated into a signal space of 2N
dimensions.

The simplest possible case is
show in Fig. 5B. Here a message
space of one dimension, the line
shown, contains a message repre-
sented by the point whose coordi-
nate is . When translated by a
double sideband a-m system into a
signal, the signal space becomes
two dimensional, as shown, but,
since the sidebands are symmet-
rically disposed about the carrier,
the same number describes each,
and the corresponding signal point
has coordinates z,2. Hence all sig-
nals lie on the diagonal line shown.
So all possible messages in double
sideband a-m are translated from a
line to a line. All the signal space
outside the line is unused in the
double-sideband a-m system. This
is the reason why this system of
modulation cannot make the fullest
possible use of the channel band-
width.

In Fig. 5C, the wavy line repre-
sents a translation (corresponding
to that introduced by pulse-code
modulation, for example), which
makes fuller use of the signal space
available, and hence is more efficient
than a-m as a modulation system.
Efficient modulation systems all
operate in this manner, although
the shapes cannot be visualized in
the multidimensional case.

In Fig. 5C, surrounding the mes-
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sage point is a circle representing
the uncertainty introduced by noise.
If the wavy lines are placed too
close, so that the noise circle over-
laps two lines, then the effect of the
noise is multiplied. This overlap-
ping means that the wideband sys-
tem, typified by the wavy line, has
a threshold value of signal, below
which the effect of noise becomes
rapidly worse, more rapidly than in
the simple a-m case. This effect has
been observed in wideband f-m, pcm
and ptm systems. The theory shows
that this is a general property of
all wideband systems.

System Capacity
Finally, we come to the deriva-
tion of the modified Hartley law,
Eq. 1. Dr. Shannon illustrated
the three-dimensional case shown
in Fig. 6. The transmitter power is
P watts, and the random mnoise
(white noise) is N watts. The chan-
nel has a bandwidth W cps; the
signal duration is T seconds. At the
receiver, after the signal and noise
have become mixed, the signal space
is represented as a sphere whose
radius squared is proportional to
(P + N). To find out how many
signal points may be distinguished
within this space, we fill it with
small spheres representing the
noise, each of radius squared pro-
portional to (N). The max-
imum number of noise spheres
which will fit into the multidimen-
sional signal space is then the gen-
eralized volume of the message
space K\/P + N divided by the
generalized volume of the noise
spheres K\/N™. We thus obtain
the number of messages M which
may be distinguished at the re-
ceiver
KVPEN»r [P+ N
= KV N2WT = [—_N_]
= (1+ P/N)TW (2)
We can rewrite Eq. 2 in logarithm
form, using for convenience the log
to the base 2
logs M = TWlog, (1 + P/N)  (3)
Taking a cue from the pem system,
Dr. Shannon then introduced the
binary digit system.* If S binary
digits are available, the number of
messages that can be carried by
these digits is M = 2° from which
S = log.M. Then, Eq. 3 becomes
S = TWlog: (1 4+ P/N) ()
But S§/7, the number of binary dig-
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its transmitted per second, is the
capacity C of the channel to carry
binary digits, so

C = Wlog: (1+ P/N) (5)
which is the law to be proved.
Whew! While the law was proved
for a system transmitting messages
by the binary digit code, it can be
shown to apply generally to all
classes of systems.

Dr. Shannon pointed out that,
while bandwidth can be saved (in
the ideal system which makes full
use of the signal space) at the ex-
pense of signal-noise ratio, the sav-
ing is very expensive, because of the
fact that the logarithm changes
very slowly with changes in the
power P. Thus it might be neces-
sary, in a particular case, to in-
crease the transmitter power two
times to secure a 10 percent reduc-
tion in bandwidth without harm to
the signal. But, if one can afford
it, one can do it.

A final form of the equation
which shows the multiplicative na-
ture of the decibel improvement,
previously mentioned, is
C= KW 10logp (1+ P/N) =K Wn (6)
where n = 10 log,, (1 + P/N) is the
number of db expressing the signal-
noise ratio plus 1, and K is a pro-
portionality constant.

A lively discussion followed the
meeting, participated in by Harold
Wheeler, who stated his opinion
that the number one should be elim-
inated from the argument of the
logarithm. W. G. Tuller, and Her-
bert Sullivan also participated in
the discussion. A summary of the
analysis presented by A. G. Clavier,
comparing the transmission efficien-
cies of various modulation schemes,’
showed that, for operation well
above (60 db) the noise, the utili-
zation efficiency of pem is independ-
ent of bandwidth, and that the only
known system in which utilization
efficiency increases with bandwidth
is pulsed frequency modulation.—
D.G.F.
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FI1G. 1—Block diagrams showing the essen-
tial tubes in the DuMont, GE, and RCA
five-kilowatt visual transmitters
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HREE MANUFACTURERS are cur-
Trently offering video transmit-
ters for the commercial television
channels between 54 and 216 mec.
This article is a survey, based on
conversations with the engineers
who designed the transmitters, con-
ducted to determine why certain de-
cisions were made in their develop-
ment.

So far as output is concerned,
all three makes produce the same re-
sult, that is, a vestigial sideband
signal of 5 kw peak power (3.5 kw
in one case on the high-frequency
channels). But the manner in which
this result is obtained differs widely
among the three manufacturers.
The differences appear in the level
at which the video modulation is
introduced, in the method of remov-
ing the unwanted portion of the
vestigial sideband, and in the
method of cooling the tubes in the
power output stage.

In talking with the various
groups concerned, the editors found
a not-unexpected rivalry and a nat-
ural tendency of one designer to
question the wisdom of the rival
designers’ choice of circuits and
methods. Taking full advantage of
this situation, questions were
passed from one group to the other
during the interviews and many in-
teresting answers obtained.

Before describing the transmit-
ters in detail, some of the outstand-
ing differences should be mentioned.
All three groups employ crystal con-
trol and frequency multipliers to
establish the carrier frequency.
Here the similarity ends.

The RCA transmitter employs
narrow-band multipliers up to the
final stage and employs high-level
modulation at the grid of the final
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Design Trends in
Television Transmitters

Video transmitters offered commercially by DuMont, General Electric, and RCA reflect

basically different approaches to the problems of modulation, sideband suppression, and

power tube cooling. The whys and wherefores are reviewed in this survey of available

equipment

stage. The undesired portion of
the lower sideband is removed by a
high-level filter in the antenna cir-
cuit.

The G-E transmitter multiplies to
carrier frequency at low level and
the modulation is introduced at
about one watt carrier power. The
5-kw level is achieved by amplifica-
tion in five linear stages. The high-
power stages are of the grounded-
grid wideband variety, the pass
band of each stage being so posi-
tioned with respect to the carrier
frequency that the unwanted por-
tion of the vestigial sideband is re-
moved, in accordance with the RMA
specifications, before application to
the antenna.

The DuMont designers have
adopted a position midway between
low-level and high-level modulation.
Grid modulation is introduced in the
500-watt stage, followed by two
class-B linear grounded-grid stages.
All three stages are aligned to re-
move the unwanted portion of the
vestigial sideband. The final stage
employs air-cooled tubes. In the
high-band version of the DuMont
transmitter, the power output ob-
tainable is 3.5 kw.

The arguments for and against
these arrangements are as follows:
The high-level transmitter typified
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by RCA’s offering is easy to tune,
since each of the amplifier stages is
a narrow-band unit, tunable merely
by reference to meter readings. The
low-level transmitter on the other
hand uses several wideband stages,
each of which must be tuned by
reference to a sweep-pattern on a
c-r oscilloscope. On the reverse side
of the argument, the high-level
transmitter needs a high level of
video voltage for modulation and re-
quires a vestigial sideband filter
after the final stage, which in itself
is expensive and consumes some of

the output power which might
otherwise be radiated.

The choice of cooling methods of
the final stage is also full of pros
and cons. Air-cooling, used by Du-
Mont, is simple and inexpensive.
Simple water-cooled tubes such as
are used in the G-E transmitter can
be made smaller and hence some-
what more efficient than air-cooled
tubes. The all-out water-cooled tube
used by RCA applies cooling water
not only to the plate, but also to the
grids and filament seals. This makes
for a very small tube, highly effi-
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FIG. 3—Rear view of modulator amd low-

power stages of DuMont transmitiez. The

500-watt stage is at the upper righy, under
blower

FIG. 4—Rear of DuMont 5.-kw amplifier,

econtaining two class-B linear air-cocled

sfages. The complete tube lineup is shown
in Fig. 1A

FIG. 5—Front view of DuMont 5-kw ampli-

fier, showing three built-in oscilloscopes, on

a sloping center panel, fer aligning wide-
band stages

cient even at frequencies higher
than 216 me, but requires a distilled
water cooling system from which
dirt has been rigorously excluded
(since dirt particles might clog up
the narrow passage through the
grids).

It would appear that such basic
differences would make a difference
in the cost of the transmitter, but
this factor does not differ markedly
in the three units. The answer is
that competition is a great leveler
in such matters, and that a sizable
production run, over which engin-
eering and development charges are
spread, may permit an expensive
design to be sold competitively.

DuMont Visual Transmitter
(Series 1000)

Considering the three types in
alphabetical order, the DuMont
transmitter line-up is illustrated in
Fig. 1A. The crystal frequency is
doubled in the erystal stage, fol-
lowed by two additional doublers
for the low band (channels 2 to 6,
54 to 88 mec) and an additional trip-
ler for the high band (channels 7
to 13, 174 to 216 mc). The carrier
frequency thus established, the sig-
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nal is passed through an amplifier
which raises the level to about 60
watts. At this level the carrier is
sombined with the video modulation
and applied to the grids of the mod-
ulated amplifier stage (two type
4X500A’s in push-pull).

The video amplifier accepts the
composite video signal at the stand-
ard RMA level of 1.0 to 2.5 volts,
and amplifies it in three video
stages, the last of which employs
two 4E27 tubes in parallel and de-
velops about 50 watts peak video
power across 500 ohms (150 volts
peak video voltage). The d-c com-
ponent of the video signal is re-
stored by type 1-V diodes at the
grids of the 616 and 4E27 stages.
Thereafter the d-c component is
preserved by conductive coupling
between the 4E27 plates and the
modulated amplifier grids. Since
the latter grids operate with normal
negative bias, the 427 plates are
negative with respect to grcund.
This requires that the 4E27 cath-
odes be operated at a negative volt-
age, below ground by an amount
equal to the normal plate voltage.
This negative voltage is supplied by
a separate power supply.

WWW.americanradiohistorv.com

The output of the modulated am-
plifier is a video-modulated signal of
about 500 watts peak power, with a
total bandwidth of about 7 mec. In
the low-band version of the trans-
mitter, this power level is amplified
to 5 kw peak by passage through
two class-B linear stages employing
type WX3300 air-cooled tubes. The
bandwidth of these amplifiers is
between 4 and 5 mc, and the band-
pass curve is positioned so that the
picture carrier frequency lies to the
left of the center, as shown in Fig.
2. Thus the lower portion of the
lower sideband is removed, as re-
quired by the vestigial sideband
standard. In the high-band version
of the transmitter, the type
WX3300 tubes are replaced by type
6C22, and the peak power output at
the output of the final stage is
3.5 kw.

The tuning of the class-B stages
is accomplished by adjustment of
three parameters: the length of the
tank-circuit lines, the lumped capac-
itance at the ends of the halfwave
lines, and the loading reflected from
the following stage (first stage) or
antenna (second stage). Both
class-B stages are operated in the
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FIG. 6—One of the class-B stages of the

G-E transmitter, showing method of remov-

ing air-cooled tube from ancde tcnk. The
circuit is tuned by an L-shaped {lipper

FIG. 7—Water-cooled final stage of the G-E

transmitter. The 9C24 tubes consume heavy

filament current, as indicated by the size of
the leads

grounded-grid connection, since
this reduces neutralization diffi-
culties and adds a portion of the
driving power to the output of the
stage.

The push-pull output of the final
stage is converted to single-ended
connection (necessary for the coax-
ial trarsmission line to the anten-
na) by passage through a balanced-
to-unbalanced converter (bazooka).
This consists of a sleeve around the
outer conductor of the coaxial line,
at the lower end. Inside the sleeve
is a plunger, adjustable to the par-
ticular earrier frequency in use. A
crystal diode recovers a small por-
tion of the output for measuring
power output and indicating the
waveform of the carrier envelope.

Internal views of the video-modu-
lated amplifier assembly and power
amplifier are shown in Fig. 3 and 4.
Primary aims in the DuMcnt de-
sign have been to make all units
accessible for servicing without re-
moval from the cabinet, and fo keep
the circuits as simple and straight-
forward as possible. The choice of
low-level modulation was made to
save the cost of a high-level video
amplifier, to eliminate the need for
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a vestigial sideband filter in the
output and to secure the highest
possible economy in the production
of output power. As previously men-
tioned, this choice admittedly en-
tails more difficulty in tuning the
transmitter than if high-level mod-
ulation were used. To simplify the
tuning adjustments, the DuMont
transmitter has three built-in ec-r
oscilloscopes (Fig. 5) which permit
simultaneous monitoring of the
sweep-frequency pattern at the in-
put and output of each wideband
stage. A built-in frequency-sweep
(wobbulator) is also provided, so
that all essential test equipment re-
quired for lining up the wideband
stages is included. It is possible to
check the alignment of all class-B
stages merely by throwing one
switch.

The choice of low-level modula-
tion and suppression of the lower
sideband by means of fundamental
coupled circuit methods is a result
of serious consideration by the Du-
Mont engineers. The choice was
made on experience gained since
1939 with W2XWV and later with
WABD, particularly with respect
to problems of initial installation,
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ease of maintenance, and the ease
with which inexperienced personnel
may operate the equipment.

The built-in sweep generator and
individual oscilloscopes make the
tuning procedure a simple opera-
tion. Initially, the transmitter is
tuned with loose coupling, produc-
ing a sharply tuned resonance
curve. As the coupling between
stages is tightened, a double-hump
resonance curve appears. Each of
the secondary stages of the coupled
circuits is provided with an adjust-
able position to vary the loading.
When the loading is increased on
the secondary of each stage, the
bandwidth becomes greater, and the
double-hump resonance curve re-
verts to a flat-topped response char-
acteristic. With this method of
varying the coupling and loading,
the required bandwidth may be
readily attained.

It is desirable to tune each stage
so that the minimum bandwidth
required is available, to provide
high transfer of energy between
stages and to attenuate the lower
sideband more sharply. This tun-
ing procedure may be begun from
either the input end or the output
end. Once coupling has been prop-
erly adjusted, it is a matter of
minutes to make any modification
necessary in tuning. Provision has
been made to inject a small portion
of the r-f exciter voltage for use as

«marker frequencies.

The grounded-grid amplifier cir-
cuit presents its own loading im-
pedance. It is therefore unneces-
sary to load down the transmission
lines, resulting in a considerable in-
crease in effective power.

General Electric Model TT-7-A/B

The G-E transmitter line-up is
shown in Fig. 1B. The crystal stage
triples the cerystal frequency and is
followed by two doublers for the
low bands, with an additional trip-
ler for the high bands. Modulation
is accomplished at the plate of a
type 815 tube (low band) or type
832A (high band), the grid of
which is driven at carrier fre-
quency. The peak video voltage ap-
plied to the plate of the modulated
stage is only 80 volts, so the modu-
lation level (about one watt, peak)
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is substantially lower than that of
the DuMont system.

The video chain in the G-E trans-
mitter consists of five stages and a
cathode follower, with a diode d-c
restorer at the grid of the next to
last stage. One of the video ampli-
fiers acts as a synec-stretcher—that
is, it extends the amplitude of the
syne pulses relative to the re-
mainder of the video waveform,
thus permitting the required 25
percent synec pulse amplitude to be
maintained at the transmitter out-
put, despite compression in the
amplifier stages and even if the in-
put signal has substandard syne
amplitude. The final video stage is
conductively coupled to the modu-
lator tube and is operated with neg-
ative cathode voltage, as previously
described.

The output of the modulated
amplifier (low-band version) is
amplified in five linear push-pull
class-B wideband stages, two stages
type 5D24 (or 4-250A), two type
5513, and one type 9C24. The first
two are air-cooled, the last three
water-cooled. In the high-band
version five stages are used. The
tubes are types 829B, 5588, 5513,
5513, and 9C24 respectively, the
last-named being water-cooled.

To assist in tuning the wideband
stages, a built-in sweep generator is

anodes, screen grids, and control grids,
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FIG. 9—Equivalent circuit of the high-level vestigial sideband filter used in RCA
design. Made of 3%8 inch coaxial elements, it will pass a 50-kw signal

included, and the output of the final
stage is viewed on an external e-r
oscilloscope. The overall bandwidth
of the five stages is 4.75 me, posi-
tioned with respect to the carrier as
shown in Fig. 2. The sweep gener-
ator operates at carrier frequency
and sweeps through a range of ap-
proximately 12 me. The sweep is
applied to terminal jacks, perma-
nently coupled to the plate tank of
each wideband stage. The output
applied to the oscilloscope vertical

FIG. 8—The final stage of the RCA transmitter. The 8D21 tetrode has water-cooled

and only 2 puuf plaie-to-plate output

capacitance. All water connections are of the clip-on type
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deflection plates is derived from a
crystal diode connected within the
bazooka in the antenna circuit. The
stages are tuned working backward
from the output tank, all adjust-
ments of tuning and loading being
made from front-panel controls.
Alignment of all stages can be com-
pleted if necessary, according to the
testimony of G-E engineers, in ap-
proximately five minutes.

The factors dictating the choice
of the low-level design in the G-E
case run parallel to those cited for
the DuMont transmitter, so far as
avoiding the cost of the video ampli-
fier and sideband filter are con-
cerned. Additional arguments are
as follows: Low-level plate modu-
lation makes possible a highly linear
modulation characteristic. The use
of a cross-connected dual tetrode
modulated stage keeps the residual
r-f (fed through the modulator at
the low point of the modulation
cycle) to a small value and hence
permits a high modulation capa-
bility (maximum white, 5 to 10 per-
cent). Views of the G-E transmit-
ter are shown in Fig. 6 and 7.

The G-E design is based funda-
mentally on the experience gained
since 1939 with station WRGB, a
40-kw transmitter near Schenec-
tady, which also uses low-level
modulation. The post-war improve-
ments include the use of the stable
and efficient grounded-grid circuit
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and the rugged disk-seal 9C24
water-cooled final amplifier tube.

Answering objections to the large
number of class-B stages, the G-E
engineers point out that any varia-
tion in the response of one stage
introduces a small effect on the out-
put. A similar variation in a high-
level-modulated stage would pro-
duce a more serious degradation of
picture quality. For the same
reason, it is possible to remove any
tube in the G-E transmitter and go
back on the air without retuning,
thus evidently reducing off-the-air
time.

The grounded-grid circuit is a
great favorite with the G-E de-
signers, for three reasons: First,
the low imput impedance provides
the necessary wideband circuit
loading without wasting power.
Second, the circuit is remarkably
stable. Throughout the develop-
ment of the high-power grounded-
grid stages, parasitic oscillations
have never appeared. Third, the
low impedance permits easy adjust-
ment of tuning and loading from
front-panel adjustments.

In the event higher power is re-
quired, additional class-B stages
can be added readily, since the same
technique of circuit adjustment
would apply to them as to the exist-
ing lower-power stages.

RCA Transmitter TT-5A

The tube line-up of the RCA 5-kw
transmitter is shown in Fig. 1C.
Comparison with the DuMont and
G-I diagrams in the same figure
shows that the RCA design repre-
sents a radically different approach.
Three crystals are provided. Two
serve the usual OPERATE and SPARE
functions. The third is a TUNE-UP
unit used only during tuning of the
final stage, as described later. The
crystal stage doubles, and is fol-
lowed by a doubler and tripler
stage. In the low-band version, the
next stage is a straight-through
amplifier. In the high-band version
this latter stage operates as a trip-
ler and two other stages are added
to provide the necessary driving
power. The next-to-last stage, a
pair of 4C33’s, provides about 400
watts of driving power for the final
stage.
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The final stage employs a water-
cooled double tetrode, type 8D21, of
unusual design, shown in Fig. 8.
Distilled water, supplied at a rate
of about 1.7 gallons per minute, is
forced through the plate, as well as
through both control and screen
grid, which are hollow. Water is
also applied to the filament seals.
This thorough-going cooling system
permits the tube to be operated at
the very high plate dissipation of
370 watts per square centimeter of
anode surface. Consequently the
elements, and their electrical ca-
pacitance, are much smaller than
those of comparable air-cooled and
conventional water-cooled tubes.
The plate-circuit efficiency is cor-
respondingly high. The tube can
operate equally well on all channels
up to 216 me (in fact, full power
output has been produced at 285
mci. A self-contained circulating
water cooler and filter is used to
supply water to the tube and its
grid resistor and to the vestigial
sidebund filter and dummy antenna
load, which are integral parts of
the transmitter.

The video amplifier consists of
three stages, three 6AGT’s in par-
allel, two 807’s in parallel (with a

FIG. 10—Video amplifier of the RCA trans-

mitter. The six 4E27 tubes, which develop

626 volts peak-to-peak video, are on top
rack
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6AG7 sync stretcher) and six
4E27’s in parallel, respectively. The
pulse stretcher increases the pulse
amplitude in the second stage, and
a  tetrode-controlled dual-diode
clamper circuit reinserts the d-c
component at the grids of the
4E27’s. The final video stage pro-
vides about 100 watts of video
power on the average.

The load resistance of the final
video amplifier is of unusual form,
known as a constant-resistance net-
work. Basically the network con-
sists of two arms in parallel, L and
R in series in one arm, and C and R
in series in the other, such that
R — /L/C. Such a network dis-
plays a constant resistive imped-
ance over a very wide band of fre-
quencies, much wider in fact than
the 4.5-mc¢ bandwidth of the modu-
lating signal. The actual form em-
ploved in the transmitter consists
of several L and C sections, each of
which satisfies the relation given
above, but with the LC product of
each chosen to resonate at different
portions of the video band. The
two resistors are placed at the bot-
tom of the network (next to video
ground), and may be of the wire-
wound (inductive) type since they

FIG. 11—Elements of the constant-resist-

ance network used as a load for the high

level modulator stage of the RCA equip-
ment



have no effect on high-frequency
performance. The high power dis-
sipation required of the final video
amplifier is thus conveniently ac-
complished without loss of high-
frequency response. Voltage stabi-
lization is applied to all video stages
to keep the black level constant.
The video voltage (about 625
volts peak to peak) is applied con-
ductively to the grids of the final
r-f stage, which operate at normal
negative bias. To apply positive
voltage to the plates of the 4E27
modulators, it is necessary to insert
a series power supply of 1,100 volts
within the constant-resistance net-
work. This power supply is inserted
below the high-frequency sections
of the network and hence does not
add to the capacitive load at the
modulator output. The final r-f
stage operates at 5,000 volts plate
potential. The modulation capa-
bility is 90 percent, which exceeds
the maximum FCC requirement (85
percent, that is, maximum white 15
percent or less of peak amplitude).
The vestigial sideband filter is
essentially three filter sections con-
structed of coaxial line. The equiv-
alent circuit is given in Fig. 9. Two
of the sections are m-derived units,
one for passing a portion of the
lower sideband energy to a water-
cooled terminating resistor, the
other for sharpening the cutoff at
the edge of the upper sideband. The
third filter section is a notch filter
for removing any picture-signal
energy at the frequency of the
sound channel of the next lower
television channel. The notch filter
also dissipates its energy in a
water-cooled resistor. All elements
of the sideband filter are con-
structed of 3% inch 72-ohm coaxial
line. This is large enough to pass a
50-kw signal, in the event that a
power amplifier is later added to the
transmitter. The large size also
lowers the insertion loss of the filter
to 3.38 percent at 100 me. Two
types of sideband filter are supplied,
for low-band or high-band use.
Each type is pretuned at the factory
for the particular channel assigned
to the transmitter. The water flow
required by the resistors in the fil-
ter is about two gallons per minute.
The tuning procedure of this
RCA transmitter is, as previously
mentioned, somewhat simpler than
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in the low-level type of equipment,
since only the output tank of the
8D21 stage requires wideband ad-
justment. Two methods of tuning
may be used. In this simpler
method, the tune-up crystal is in-
serted in the crystal stage and
the following r-f stages are tuned
by the conventional meter-reading
method. The carrier frequency thus
obtained is approximately 1.6 mec
higher than the assigned carrier
frequency, and falls in the center of
the channel passband. The final
stage is then tuned symmetrically
by the tuning and loading of its
grid circuit and output tank, until
it displays predetermined meter
readings.

When this preliminary tune-up
procedure is complete, the OPERATE
crystal is switched into position and
the r-f amplifier chain (except the
output of the final stage) is re-
tuned to the assigned carrier fre-
quency. This process takes but a
few minutes and is accomplished
without the use of an oscilloscopic
sweep pattern.

The foregoing method does not
provide a means of recording the
characteristic. For proof of per-
formance, and where precise meas-
urements are required, a second
method is used wherein an ordinary
video sweep generator is patched
into the regular transmitter input.
A built-in diode following the side-
band filter rectifies the sweep modu-
lation, which may be viewed on a
low-frequency scope, and the pre-
sentation compared directly to the
RMA standards of minimum re-
sponse. Required adjustments are
made on 8D21 anode and output
circuits while viewing the scope.
This method yields the overall
transmitter characteristic, includ-
ing that of the video system.

The circuits and methods adopted
by the RCA engineers are based on
many factors, including the experi-
ence gained since 1936 with trans-
mitters installed at NBC. High-level
modulation was adopted because
the picture quality is affected
only by the video amplifiers, which
require no adjustments in service,
one r-f stage, and the vestigial fil-
ter. In the low-level case, misad-
justment of any of the class-B
stages has a definite effect on pic-
ture quality, and may even (if bal-
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ance is lost) reinsert the unwanted
portion of the vestigial sideband.

As a further protection against
loss of picture quality, the modu-
lated r-f stage uses a tube specially
designed for grid modulation over
the wide bands required for tele-
vision. While this tube is admit-
tedly expensive, it possesses a very
high degree of stability against re-
generation, even a small amount of
which is fatal to picture quality,
and it offers the rated output of 5
kw at conservative ratings.

The RCA engineers interviewed
agree that high-level modulation is
practical, at present, only for trans-
mitters of 5 kw or lower power out-
put. If higher power is required in
the future, it will probably prove
most economical to add a class-B
linear stage to the present equip-
ment, since several thousand volts
of video signal would be required to
grid-modulate a 50-kw stage, and
this would require an exorbitantly
large investment in the video ampli-
fier and modulator. But for the 5-kw
level, the RCA technicians insist
that high-level modulation produces
the best result, particularly with re-
spect to maintaining picture quality
over long periods of time, including
tube replacements. They argue that
maintenance of picture quality is
well worth the additional costs
which may be involved, especially
since the cost of programming is
the predominant factor in running
a television station.

Summary

In summary, the points of view
represented by the three transmit-
ter designs are vigorously upheld by
the respective design groups. One
system may attract wider support
than the others, but at present
there is little evidence as to which
system will eventually win out. The
writer’s opinion is that all three de-
signs are capable of producing re-
sults so closely the same that other
parts of the transmission system,
particularly camera pick-up equip-
ment and network connections, are
likely to impose the limit on the
overall performance of the broad-
casting plant. Only the experience
of future months can prove or dis-
prove the competitive claims re-
garding ease of maintenance and
running costs.—D.G.F.
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FREMODYNE
F-M Receilvers

Description and evaluation of measurements made on a novel superregenerative super-
heterodyne circuit offered for low-cost mass-produced f-m receivers. Figures are given for

sensitivity, (uieting-sensitivity, distortion, audio response, selectivity, and radiation

HE MOST inexpensive approach,

to date, to the production of
an f-m broadcast receiver is the
“Fremodyne” circuit, licensed by
Hazeltine Electronics Corporation
toc some 125 manufacturers, 5 of &
whom are currently in production.
Beacause of its potential impact upon
every aspect of f-m broadcast lis-
tening, the editors of ELECTRONICS
canvassed the manufacturing Ili-
censees and found that two of them -
already had receivers or converters.
One a-c/d-c table model receiver for
f-m and a-m was purchased, an-
other of the same make was bor-
rowed, f-m converter supplied gra-
tis by another manufacturer.

Using standard testing equip-

ment as well as qualitative listening
tests,the editors subjected twoavail-

able versions of the Fremodyne cir- Combination a-m cnd f-m receiver using the superregenerative superheterodyne cir-
cuit to a series of fundamental tests cuit. Local and signcl tuning ceils and padders can be seen above tuning gang at left

that will be of significant interest
to designers in the f-m field. The
tests conducted included sensitivity
(signal-noise ratio), quieting-sen-
sitivity (quieting of receiver noise
by an unmodulated carrier), distor-
ticn, relative audio response, selec-
tivity (response to adjacent and co-
channel interference), and radiated
interference, although the terms
used are not synonymous with those
definitions as applied in standard
RMA receiver tests.

[t should be emphasized that, for
reasons to be given, certain arbi-
trary criteria of judgment were
adopted. An extension of the test-
ing method to two conventional
types of f-m receivers is intended
to aid in interpreting the test
results.

Described by Hazeltine as a

A Under-chassis view of a Fremodyne fm converter with r-f circuit at left. Later models
superregenerative superheterodyne, use the same basic circuit but have an additional aqudio amplifier tube
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Schematic diagram of the basic Fremodyne circuit

the basic Fremodyne circuit shown
consists of a double triode tube, one
section of which is used as a local
oscillator of the Colpitts type dis-
placed 21.75 megacyeles above (or
below) the incoming signal fre-
quency.

The local oscillator (lower section
in the diagram) output is fed onto
the grid of the other triode section
(upper section) along with the an-
tenna input. This upper grid ecir-
cuit is tuned to the signal fre-
quency. The plate tank of the upper
section forms a Colpitts oscillator
using L, and the two 30 uuf capaci-
tors tuned to 21.75 me. The same
triode section operates as a super-
heterodyne converter and i-f ampli-
fier. It is also a self-quenching
superregenerative detector with a
quenching frequency in the region
of 17 to 22 ke (Hazeltine recom-
mends a quench frequency of 30
ke) by virtue of the 150,000-ohm
resistor R, returned to B plus. By
these means, the oscillator fre-
quency which gives the strongest
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radiated signal, is displaced from
the carrier frequency. Since the
detector operates at one frequency,
a fixed optimum amount of quench
is easily obtained without a sepa-
rate control. The quench wave-
shape is controlled by a 1,500-chm
resistor and 2,500 puf capacitor.

Audio signal is recovered across a
22,000-ohm resistor in the lead from
cathode to B minus.

Engineers will find that the cir-
cuit behaves in every respect like a
simple single-tube self-quenched
superregenerative receiver that
they may have used at one time or
another in receiving f-m signals.
As with conventional a-m detectors,
slope detection of f-m signals is pos-
sible if slight mistuning from the
center of the carrier frequency can
be satisfactorily achieved and the
degradation of the audio quality
can be tolerated.

It must be recognized that tests
of a superregenerative circuit as
an f-m receiver are to some extent
arbitrary insofar as distortion, sig-
nal-noise ratio and quieting meas-
urements are concerned. Tuning
for maximum quieting of the re-
ceiver by an incoming carrier gives
inacceptable audio output that is
rich in second-harmonic distortion.
As the receiver is tuned farther
down one slope or the other of the
detection curve in order to obviate
distortion the noise increases. The
practice adopted during the tests
was always to tune the receiver on
the high-frequency side of the in-
coming signal at the optimum point
between distortion and noise.

Testing Equipment

Signal-noise and distortion meas-
urements were made using equip-
ment connected as indicated in the
block diagram of Fig. 1.

I[HP 200-C mc 78- Fm | 339 RECEIVER REL soﬂ ey
AUDIO | SIGNAL 0.001 RoF UNDER .t~ A-F | voeaon
OSCILLATOR GEN it TEST AMPL | i
o
o
o
e
300
MC 78-FM WA~ GR
SIGNAL 500 CPS
GEN. HIGH
= PASS
FILTER
GR
RCA [ wp 3008 S | 5,000 CPS
I55A {—{ DISTORTION S| Low
CRO ANALYZER | {&| PASS
L2 FILTER

FIG. 1—Block diagram of the testing equipment used and the interconnections
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The signal generators were
Measurements Corp. model 78-FM
for the frequency range covered by
the f-m broadeast band, with pro-
vision for internal or external fre-
quency modulation of the carrier.
The audio oscillator was a Hewlett-
Packard type 200-C. Audio output
in every case was taken after the
de-emphasis network included in
the receiver but ahead of any audio
amplifier so that the superregener-
ative circuit was measured alone.
Suitable gain was provided by a
Radio Engineering Labs. audio
amplifier model 600. The loud-
speaker was connected to a separate
output from the amplifier for moni-
toring purposes. Owing to hum
ard quenching frequency noise only
the pass band between 500 and 5,000
cycles was measured, except as later
noted. Filtering was accomplished
with General Radio 500-cycle high-
pass and 5,000-cycle low-pass sec-
tions. The distortion analvzer was
a Hewlett-Packard model 330B in-
strument and the oscilloscope an
RCA type 155A.

Fremodyne sets 1 and 3, dis-
cussed hereafter, are a-m/f-m,
a-e/d-c receivers of a type shown in
the block diagram of Fig. 2. Set 2
as tested comprises only the Fre-
modyne circuit and power supply;
it was designed for use as an f-m
converter for existing a-m receiv-
ers. Both sets as now manufac-
tured have a line-cord antenna and
also make provision for connecting
an external antenna, although the
line-cord connection was omitted in
set 2, in the particular sample
tested.

Set 4 is a Zenith model 8HO23
a-m/f-m, high-and-low-band re-
ceiver of conventional f-m design,
that has been in use for some
months without readjustments. It
contains a stage of trf, converter,
two i-f’s, limiter and discriminator.
Set 5 is a special receiver, Radio
Enrineering Laboratories model
646, designed for optimum f-m
reception and is in no way compar-
ablz to a low-priced home receiver.
It has a trf stage, converter, three
i-f’s, two limiters, discriminator.

Measurements were made of the
signal-to-noise  (actually signal-
plus-noise to noise) ratio at 90 me
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using, with one exception, 50 ke
deviation with 1,000-cycle modula-
tion. The higher audio frequency
was necessary, rather than the more
standard 400 cycles, because of the
500-t0-5,000 cycle pass band used
in the tests. A more considerable
deviation than 22.5 kc was desirable
in order to obtain a tuning point
midway between distortion and
noise that would have significance
from a listener’s point of view. It
also served to facilitate duplication
of tuning settings during the tests,
because they occurred on a straight
portion of the detection slope.
Initial tests of Fremodyne set 2
using 400 cycles at 75 ke deviation
were essentially preliminary and
seemed too severe. Time was not

available to repeat them at 1,000
cycles using the lower deviation of
50 ke standardized for the other
receivers. The figures as presented
are corrected for attenuation of the
400-cycle signal by the 500-cycle
high-pass filter. Fremodyne set 3
developed a bad hum after several
hours of operation so that only the
check points shown, measured be-
fore hum began, are felt to be
representative.

F-M Receiver Characteristics

The results plotted in Fig. 8 make
use of the phenomenon that the
desirable characteristics of an f-m
receiver include an ave action (the
audio output must not change ap-
preciably with changes in signal

A-M
LOOP r
2BEG 12 BAG I2AT6 3585 | )
A-M AM  I-F ——] A-MDET. 8 power
CONVERTER AMPLIFIER IST AUDIO AMPLIFIER
L1J_ - AUDIO i 35 wa
FREMODYNE A
3 = = RECT!F|ER
7L CIRCUIT F-M A-M !
POWER
LINE
ANTENNA

FIG. 2—Block diagram of an f-m/a-m receiver in which the audio system is common
to both the Fremodyne and a conventional superheterodyne receiver circuit
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.
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0 50 100 300 1,000 3,000 10,000 30,000 100000
INPUT SIGNAL IN MICROVOLTS

FIG. 3—Audio-output level and receiver noise background separately plotted against

input signal strength. Signal-noise performance of an f-m receiver is more clearly

indicated by the area enclosed between the curves than by the curves considered
separately
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strength) as well as an increasing
quieting of set noise with increased
signal. The horizontal zero axis
represents the noise in the absence
of signal and so serves merely as a
reference, except at the zero-zero
point. Quieting in db below the
noise level is plotted against un-
modulated input signal and can be
considered the noise background as
encountered by the listener.

The audio level curves (ideally
straight horizontal lines with the
exception of a short positive slope
near the zero-zero point) are com-
puted by subtracting the quieting
figures in db from those represent-
ing the signal-to-noise ratio at the
same signal input. The general
shape of the curves is the same for
all the receivers tested and the three
Fremodynes group fairly closely.
What is not immediately so ap-

parent from this presentation is the
rather wide difference in perform-
ance when we consider not only the
separate displacements from the
reference axis, but the sum or
spread between the two character-
istics, audio level and noise back-
ground. The average of the two
best Fremodynes varies from 26 db
at 100 uv to 47 db at 85,000 v in-
put, while the Zenith (set 4) varies
between 52 and 62 db over the same
signal input range.

Inspection of the signal generator
connection (Fig, 1) will show that
while the curves are comparable
among the receivers for this test,
the effective source actually has an
impedance of about 150 ohms and
voltages of half the values shown.
In other words a receiver that gives
45 db of quieting (noise background
scale) at 100 microvolts in this test

Table I—Adjacent and Cochannel Interference

Interfering Signal

Interfering Signal

(Modulated interference to unmodulated signal of 1,000 nv)

Interfering Signal Strength in uv (for 3db rise

Set 1 Set2 | Set3 Set 1 Set 5
Cochannel . . . ... ... 50 35 25 25 130
200 kelow. . ... ... 5,000 20,000 10,000 4,000 900
100 kelow. ... .. ... 60,000 100,000 85,000 30,000 _
200 ke high. ... .. .. 150 180 100 2,500 5,000
00 ke high .| 10,000 | 40,000 | 30,000 | 15000 -

(Unmodulated interference 1o modulated signal of 1,000 nv)

[nterfering Signal Strength in pv (see text)

in background noise)

Cochannel . . .. .. .. 15 20 20 600 200
200 ke low. . ..... .. 2,000 5,000 4,000 | 10,000 40,000
100 kelow. . .. ... .. 50,000 [ >100,000 | >100,000 100,000 >100,000
200 kc high. . .. .. .. 100 250 2,000 2,500 8,000
100 ke high. .. ... | 30,000 [ >100,000 | >100,000 | 80,000 | >100,000
Table II—Radiation Interference in Microvolts
(Receiver under test tuned to 100 mc. Interference frequency
shown in left-hand column)
Freq Set 1 Set 2 Set 3 Set 1 Set 5

GF: IR USRS (N SSR R (L [ p—— 5,500 | ...
64.3. .o

78.95. | 30,000 | .| b
BTN i ol 1,000 | oo b
100, ... ... ... 2,000 | ........ 4,000 [ oL L
100.5. . ... 600 | ... ]
100 oo 4,000 | oo |
101.6..... ..o Lo 650 [ ... ...

107.3.... ... ] L 1,000 [ ..o |
108, ..o 2,500 6,500 | ...
109.5. . .. ... 2,000 |
1.1, o 1,000
120.8.............. 300 | ... coe Mee o sar e -
1220 | 25000 | . ... 20,000 | ... |
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can be expected to give the same
quieting with only 50 microvolts
from a single standard signal gen-
erator connected to the receiver
through approximately 150 ohms.
Percentage distortion for vary-
ing signal inputs modulated at 1,000
cycles with 50 ke deviation is shown
in Fig. 4. The initial negative
slope of each curve represents the
inclusion of a large amount of noise
at low signal input (owing to lack
of quieting) and is, therefore, not
particularly significant. The ex-
tremely high distortion encountered
in set 2 is, undoubtedly, owing to
the use of 75 ke deviation (at 400
cycles) rather than the 50 ke later
standardized for the other receiv-
ers. It is included as a matter of
interest but should not be regarded
as having comparison significance.

Interference Measurements

Adjacent and cochannel interfer-
ence measurements centering about
90 mc are given in Table I. It
should be noted that tuning of the
Fremodyne receivers was fixed on
the high-frequency side. Because
of the off-center tuning the results
of the high and low adjacent chan-
nel interference are not comparable.
The test setup used is that of Fig.
1. The modulating signal was, with
the exception of set 2, 1,000 cycles
at 50 kc deviation. Set 2 was tested
against 400-cycle modulation at 75-
ke deviation. Despite this fact,
there is a good correspondence in
the order of magnitude of the
results.

In the conventional receivers an
interfering signal when increased
beyond a certain point ‘“captures”
the receiver, whereas in the Fre-
modyne there is merely an increase
in the interference. For instance,
cochannel interference of a modu-
lated signal was noticed in set 4 at
600 microvolts, but when the inter-
fering signal was increased to 1,000
microvolts the desired signal was
obliterated and the receiver was
completely captured by the inter-
fering signal.

When the desired signal was un-
modulated and the interfering sig-
nal modulated, the ecriterion of
interference was a 3 db rise in the
background noise. This amount of
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rise is, of course, a more severe test
to the receivers with low back-
zround. In the unmodulated inter-
ference to a modulated signal the
standard was an arbitrary disturb-
ance of the cathode-ray pattern of
the audio. It was always judged by
the same individual over the short
period of the test.

Audio Response

Relative audio response, includ-
ing the de-emphasis circuit, was
measured on two receivers, modify-
ing the measuring setup (Fig. 1)
by substituting a General Radio
15,000-cycle low-pass filter for the
band-pass filter.

The results, corrected for the de-
emphasis characteristic, are shown
in Fig. 5. The signal input to both
sets was 1,000 microvolts using
1,000 cycle tone modulation with
50-ke deviation. Test was not made
on set 3 because of hum trouble that
developed. The tests show that al-
though the sets have a flat audio
output response from about 100 to
1,000 cycles, divergence from uni-
formity starts increasing rapidly
on either side of these limits. Even
more important, distortion due to
beating with the quench frequency
begins at about 4,000 cycles in set
1 and between 6,000 and 8,000 cycles
in set 2, so that the flat portions of
the curves are the only useful ones.
The intermodulation effect probably
results from the low quench fre-
quency.

Radiated Signals

Of significance both to the set
owner and to those receiving signals
in the same or adjacent bands is the
amount of power radiated by a re-
ceiver. The antenna, or antenna
and ground, terminals of the Fre-
modyne circuit were connected
through a 10-foot length of 70-ohm
coaxial cable to the antenna termi-
nals of a Hallicrafters S-27 receiver
and the dials set to 100 mc. Then
the S-27 receiver was tuned for
points of strongest signal emanat-
ing from the receiver under test
and the signal strength calibrated
with a Measurements Corp. gener-
ator. As might be expected, the
greatest signal intensity occurred
at the frequency of the local oscilla-
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FIG. 5—Relative audio response for sets 1 and 2

tor. Other wide-band interference
was also found, peaking at the fre-
quencies and with the strengths
listed in Table II. Radiated sig-
nals of less than 300 microvolts in-
tensity are not included. Strong
noise signals peaking at 21.75 mec
in a band over 3 mc wide could also
be picked up on a Hallicrafters S-28
receiver about 10 feet away and not
physically connected to the test
receiver.

Qualitative Listening Tests

In the editorial offices of ELEC-
TRONICS on the 30th floor of the
McGraw-Hill Building near Times
Square, it was found possible to
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pick up 16 f-m broadcast stations
using only the line cord antenna
used in Fremodyne sets 2 and 3.
Although the audio quality of the
programs as received in the f-m
position is inferior to that from a-m
stations carrying the same mate-
rial, the relative freedom from
fluorescent lighting, elevator con-
tactor and other noise makes the
f-m section preferable for con-
tinued listening., Cochannel listen-
ing with two similar receivers
spaced about 25 feet apart along
corridors is impossible, and even at
about 100 feet there is some squeal-
ing and hash across the dial of
either receiver.—A. A. McK.

87



Portable

Complete nondestructive

thickness gage, with indi-

cating headphones and
crystal transducer probe

Ultrasonic Thickness Gage

Thickness of empty or full pipes and tanks, or metal sheets, is quickly measured to 1

percent accuracy. A frequency-modulated oscillator provides an audible indication of

plate current peaks when the oscillator is tuned to fundamental or harmonic thickness

resonance with material under test. Indicating dial shows steel thickness directly

THICKNESS BEING REFLECTING
SURFACE

———— !

MEASURED

— = s

CRYSTAL
TRANS- ‘*————l’z'l———‘J

//.
MATERIAL UNDER TEST

STANDING WAVE PATTERN - oo

.
LY

By NORMAN G. BRANSON
Chief Engineer
Branson Instruments, Inc.
Danbury, Conn.

HE USE of ultrasonic vibra-

tions for nondestructive thick-
ness measurement and flaw detec-
tion received an impetus during the
war years that has resulted in de-
velopment of practical equipment of
great importance to industry. All
of these commercial devices employ
electronic means of generating the
ultrasonic signal and detecting
changes in its transmission or re-
flection within the material under
observation. The reflection may be

g FREQUENCY CONTROL

CRABE CRysTAL

gr ;

i WORK’

=
v
= RESONANCE INDICATOR

FIG. 1—Representative standing-wave pat-
terns of ultrasonic vibrations in material

FIG. 2—Basic circuit for a variablere-
quency ultrasonic thickness tester
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from the far side or from a flaw.

The Audigage, to be described,
differs somewhat from other thick-
ness-measuring equipment. It may
be conveniently thought of as a
device for setting a metal sheet or
wall into thickness vibration, pro-
vided with a means of detecting the
frequency of resonance from which
the thickness of the known material
can be determined. Operationally,
it is unique in being portable and in
using an audible signal to indicate
resonance,

The instrument was designed
primarily to be used in connection
with thickness determination of
tanks, pipes, process vessels, and
other structures that may be read- .
ily accessible from only one side.
It will quickly and reliably provide
information that might otherwise
have to be obtained by drilling into
the wall and measuring its thick-
ness. In other applications the
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Thickness gage being used to check condition of filled gasoline tank and outlet pipe

use of the instrument will save
costly dismantling of equipment for
inspection. If temperatures are
not excessive, thickness measure-
ments can often be made without
the necessity of shutting down
operations.

Physical Principles

The ultrasonic resonance prin-
cigle of thickness measurement de-
pends upon two fundamental char-
acteristics of sound waves. First,
they travel through metal at a
velocity that is a function of its
density and of its elastic constants.?
This velocity is not appreciably in-

fluenced by small variations in
temperature. The relationship is
expressed

1—m 1/2

E
( A+ m) (I —2m)

when V; = velocity of longitudinal waves
in em per sec

E = Young’s modulus’in_dynes per
sq em
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p = density in grams per cu ¢m
m = Poisson’s ratio

In the second place, sound waves
are reflected by surfaces separating
two areas such as metal and water
that have different acoustical im-
pedances. Standing waves can be
set up within the wall of a pipe, or
within a metal plate, just as stand-
ing waves are set up within the air
column of an organ pipe, as shown
in Fig. 1. The frequency of the
standing waves depends upon the
thickness of the material and the
velocity of sound in the material,
just as the frequency of the organ
pipe depends upon its length and
the velocity of sound in air.

Fundamental and Harmonic Operation

The fundamental frequency at
which thickness resonance vibra-
tion will be produced is given by the
relation

fi = ¢/2t

WWW.americanradiohistorv.com

where fi = frequency in cycles per second

¢ = velocity of sound in the materia
in inches per second

{ = thickness in inches

Thickness resonance oceurs
also at all harmonics of the
fundamental frequency such as

f = 2f1, fa = 3f ¥ = nfl

The frequency dlﬁ'erence between
two adjacent harmonics is numeri-
cally equal to the fundamental fre-
quency. When the fundamental
frequency is known, the thickness
can then be determined from the
equation t = ¢/2f..

When two adjacent harmonics
are known, the equation used is

| o

"= i

Limitation and Accuracy

The ultrasonic principle of thick-
ness measurement does not provide
an average thickness reading over a
.arge area. It will only provide in-
dications for the thickness com-
ponents which are directly under
the area of the crystal. If there
are excessive variations in the
thickness under the crystal area it
will not be possible to obtain thick-
ness readings.

In the case of nonparallelism be-
tween an inner and outer surface,
reduction of the crystal area may
provide better results. For a crys-
tal with sides 0.5 inch by 0.5 inch,
operating at a frequency of one
megacycle, a change in thickness of
0.2 inch in the thickness direction
for each inch in the plane of the
work will be the maximum slope
that can be measured. If the slope
is in excess of this amount the
thickness indications will overlap.
This means that a first-harmonic
resonance condition for the small-
est thickness component under the
crystal will occur at the same fre-
quency which will produce a second
harmonic resonance condition for
the largest thickness component
under the crystal.

The maximum slope which can be

measured is expressed approxi-
mately by the formula

01

m = fl
where m = maximum slope in inches per

inch

= maximum ultrasonic frequency

8?



used for the thickness measure-
ment

! = dimension of the crystal in the
direction of changing slope

In the case of pitting caused by
corrosion the results that can be
expected are not so easy to predict
because the area at the bottom of a
pit may be small or large depending
upon the type of corrosion. If the
area at the bottom of a pit is about
equal to the crystal area, or larger,
it will be possible to measure the
minimum wall thickness. The worst
possible condition can be obtained
by machining rows of sharp edged
V-shaped grooves in a flat plate.
The maximum peak-to-valley depth
of groove in the reflecting surface
for which thickness readings can be

obtained is expressed approxi-
mately by the formula
d= % where
d = peak-to-valley depth of grooves in

inches

/ = maximum ultrasonic frequency used
for the thickness measurements.

Corrosion and erosion will usu-
ally produce a relatively uniform
thinning over a given small area
which is included in any one thick-
ness reading. For example, one

side of a pipe will often corrode or
erode much faster than the opposite
side. However, the variation in
thickness will be small within any
small area. Therefore, thickness
readings can be made at points
around the circumference and local
thinning will be detected.

For materials of uniform thick-
ness, it is possible to obtain accur-
acies of better than one percent.
In applications where it is neces-
sary to measure corroded materials
an accuracy of 2 to 5 percent can
normally be expected.

Materials such as scale, coke, and
other deposits that may form on an
inner surface of a tank or pipe are
poor conductors of ultrasonic
waves. Therefore, it is possible to
measure the true wall thickness of
a tank without introducing errors
owing to other materials which may
be in contact with one surface.
Most liquids are good conductors of
ultrasonic waves. However, the
acoustic properties of liquids will
ordinarily differ considerably from
the wall of the container. There-
fore a large part of the ultrasonic
energy will be reflected at the
boundary of the liquid and the con-
tainer wall. The wall thickness of

the container can be measured ac-
curately even though a liquid is in
intimate contact with one surface.
Since some of the ultrasonic energy
will enter the liquid there may be a
weak thickness indication owing to
the resonance of the wave in the
total distance through the liquid
in the container. This phenomenon
will have an effect upon the char-
acter or pitch of the audible sound
obtained because of thickness res-
onance of the container wall, and
thus provide the experienced opera-
tor with useful information on the
condition of the inaccessible sur-
face.

By using acoustic indications, ad-
vantage is taken of the fact that the
ear is much faster in response than
a sensitive d-c¢ instrument which
would otherwise constitute the
simplest indicator. In addition, an
operator is free to use his eyes for
other duties such as reading the
thickness dial or insuring proper
placement of the transducer
probe.*?

Electronic Principles

The instrument under discussion
performs two functions—the trans-
mission of sound waves of varying
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FIG., 3—Circuit diagram of the Audigage model FMSS-4 instrument
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FIG. 4—Approximate representation of the audible indication resulting when a fre-

guency-modulated ultrasonic wave is tun

frequencies into the material and
the detection of the presence of
standing waves. The principles
underlying the development are
those used in the Sonigage' of the
General Motors Research Labora-
tory.

A basic circuit, shown in Fig. 2,
comprises a  variable-frequency
self-excited oscillator that gener-
ales an alternating voltage which is
applied to an X-cut quartz crystal.
When the crystal is held against the
material to be tested, with a film of
oil or other suitable coupling fluid
between the crystal and the work,
an ultrasonic wave is transmitted
into the material. If the oscillator
is tuned to a frequency that is an
integral multiple of the funda-
mental frequency of the wave in the
thickness of the material, there will
be a sharp increase in the ampli-
tude of the vibration in the part of
the wall directly under the erystal.
This is a resonant condition and
because of the internal damping in
the material there will be an in-
crease in the energy dissipated. The
effect on the oscillator is the same
as adding a resistive component
across the LC circuit.

An increase in the oscillator plate
current results. This increase,
which may vary between a few per-
cent and 25 percent, is detected by
the instrument. The oscillator fre-
quency at which the increase occurs
is read on a calibrated scale.

Several methods can be used to
indicate the increase in the plate
current due to thickness resonance.
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ed to resonance with material under test

The simplest means is a sensitive
d-c instrument in the oscillator
plate circuit. Such an instrument
is, however, inherently slow in re-
sponse. To insure that all thick-
ness indications are observed it
would be necessary to tune over
the frequency range slowly while
carefully watching the instrument
pointer. The circuit actually used,
shown in Fig. 8 is only slightly
more complex and provides several
desirable features. The oscillator
that drives the crystal is frequency-
~modulated over a small increment
at an audio-frequency rate. When
a thickness resonance is located
within the modulated frequency
range a current oscillating at an
audio-frequency rate 1is flowing
through the input resistor R, of the
amplifier. This signal is amplified
to provide an audible indication by
means of a set of headphones. An
approximate graphical presentation
of this effect is shown in Fig. 4.
The oscillator, frequency modula-
tor and amplifier, powered by small
batteries are all contained in a
case and weigh less than 10 pounds.
The frequency range was deter-
mined by the thickness range and
by the material to be measured. A
range from 0.125 inch to 12 inches
on steel was selected; the corre-
sponding frequency range is 1.4 to
2.8 megacycles., The graph in Fig.
5 shows how the instrument is
used to measure at harmonic fre-
quencies.
The X-cut quartz crystal is
cemented to a plastic holder and
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FIG. 5—Harmonic resonance chart, used
when thickness is approximately known

connected to the instrument by a
flexible coaxial cable. The crystal
is ground to a natural frequency
that is somewhat higher than the
maximum frequency generated by
the oscillator in order to avoid
resonance effects.

The area of the crystal is deter-
mined by the lowest applied fre-
quency. The crystal dimensions
perpendicular to the X-axis should
be equivalent to several wave-
lengths of the ultrasonic wave in
the material to be measured. This
dimensioning is necessary to pro-
duce a beam of ultrasound with the
required directional properties.
Crystals with a 0.25-square inch
area have been used satisfactorily
at one megacycle, where the crystal
dimensions are equal to about two
wavelengths of the wave in steel.
Better sensitivity and sharper indi-
cations are obtained if crystal di-
mensions of five or six wavelengths
can be used. In practice, a size of
one inch square has generally been
found satisfactory.
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FIELD TESTS for

Experimental units developed for field testing the Citizens Radio Service are described.
A simple equation, for calculating the expected coverage of two-way systems having vari-
ous characteristics, was experimentally checked with this equipment

By
R. E. SAMUELSON

The Hallicrafters Company
Chicago, Illinois

HE SUBJECT of ultra-high-fre-

quency radio propagation has
been covered in the technical
literature, and has recently been
summarized.” In considering the
performance of Citizens Radio sys-
tems,’? the theory can be reduced to
a simple semiempirical formulation
which gives results of practical use-
fulness.

FIG. 2—Directional antenna, power pack, and transmitter-receiver of the two.wait
experimental station for 465 mc

From the power limitations, the
nature of the service, and analysis
of the more common expected appli-
cations, we can make the following
assumptions or restrictions:
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FIG. 1—Curves plotted for two terms of the propagation equation. Values can be
taken from the curves
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All computations can be made at
465 megacycles.

Power will be of the order of 10
to 25 watts for class A fixed sta-
tions, 1 to 5 watts for mobile
stations, 0.1 to 1 watt for semi-
portable stations, and 10 to 50
milliwatts for personal sets.

Antenna heights will usually be
small compared to the distance ccv-
ered, so conditions approaching free
space transmission will seldom be
encountered. This will be especially
true for mobile and portable sets.
(Exceptions would include use in
aircraft.)

The combination of low power
and low antennas should result in a
reduced range such that corrections
for earth curvature would be minor.
The problem is complicated by the
greater probability of intervening
man-made obstacles or vegetation
between low antennas. One can at
best introduce an empirical correc-
tion to include the resulting attenu-
ation to the correct order of magni-
tude.

From a paper presented at the 1347
National Electronics Conference in Chi-
cago.
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CITIZENS BAND

FIG. 4—Superregenerative receiver and audio amplifier-modulator

By expressing the contribution of
each element of the system as a gain
or loss in decibels, maximum con-
venience is achieved. When all ele-
ments including transmitter and re-
ceiver are considered, the sum of
all such contributions will total zero
at the maximum distance of intel-
ligible communication. This maxi-
mum distance will be taken as the
measure of performance of the sys-
tem.

Useful Equation

With the above assumptions, one
can arrive at the following semi-
empirical expression:

'/'—,~If+2010g(h;ﬁ?) =

40 log (—;l\-) + a (i)\) +0
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In the above equation

T = Transmitting station gain factor
in db.
R = Receiving station gain factor in db.

hi, hy = Heights of transmitting and
receiving antennas respectively,
above ground or reference plane.

)N = Wavelength in free space, in same
units as h, and k. (At 465 me,
A = 2.12 feet)

a = Empirical attenuation constant.

b = Empirical attenuation constant.

d = Maximum useful communication

range, in same units as ki, A,
and A.

The station gain factors are computed as
follows:

T = Tt + Ta - Tc

R=R,+Rs —R:

where
T = Transmitter carrier power out-
put, in db above one watt.
R = Receiver power sensitivity for a

10-db signal to noise ratio, in db
below one watt. (Measured at
modulation level normally used
in transmitter.)

www.americanradiohistorv.com

FIG. 3—Construction of lines in the two-
watt plate-modulated oscillator

T4, .Ro = Transmitting and receiving an-
tenna gains in direction of
transmission, expressed in db
over an isotropic radiator.

T., R. = Coupling and mismatch loss
between equipment and antenna
in db.

With the exception of the two
attenuation terms involving con-
stants @ and b, the propagation
equation follows directly from the
commonly used approximation for
transmission over a plane earth.

Constants

The attenuation constants a and
b as used here do not have direct
theoretical justification. In fact,
the dimension of a in decibels/dis-
tance in wavelengths is chosen
purely for convenience in plotting
curves to a single ordinate. Their
use, if included in calculations,
must be governed by a certain
amount of common sense and ex-
perience. Since they are each in-
tended to correct for a different
class of conditions, only one or the
other will ordinarily be used in a
given calculation.

The constant e is introduced to
indicate the order of attenuation
produced by a more or less uniform
distribution of buildings or vegeta-
tion between low antennas. At 465
megacycles, certain ranges of values
for @ have been determined which
give good results. In perfectly flat
open country, it may be neglected.
In ordinary open country with scat-
tered vegetation, a value of 0.0005
db/wavelength gives good results
out to about 15 miles, indicating
that earth curvature effects are also
partially compensated. In dense
woods, values between 0.04 and 0.08
db/wavelength may be used. In
downtown sections of cities or in
industrial plants, where communi-
cation directly through large struc-
tures is attempted, the average
attenuation will be found to be be-
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FIG. 5—Midget receiver with separate quench oscillator to provide square pulses to
the detector grid

tween 0.2 and 0.4 db per wave-
length.

The constant b serves an entirely
different purpose. Consider the
case where one antenna is located
above surrounding buildings, and
the other near street level some dis-
tance away. Normal optical trans-
mission will occur from the ele-
vated antenna over the tops of the
buildings to the vicinity of the re-
ceiving antenna. Here, random
reflections will transfer a certain
amount of signal energy down to
street level, but with a loss of any-
where up to about 30 db. TUnder
these conditions, one can obtain a
first approximation by using a value
for b of about 15 db. Other cases
may arise where some obstacle in-
troduces a fixed attenuation of
known order of magnitude.

Unpredictable effects of consid-
erable magnitude will be encoun-
tered. At distances well within the
maximum range, variations in sig-
nal level of 20 or 80 db will not seri-
ously impair communications, but
at greater distances such variations
may represent the difference be-
tween intelligibility and complete
absence of audible signal. Shadow
effects from large solid structures
in the line of sight, or standing-
wave patterns set up by reflecting
surfaces, can cause just such varia-
tions, and it is necessary to move
the antenna to a position of best
signal strength. In some cases a
movement of one or two feet is
sufficient, indicating that a single
antenna should be used for both
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transmitting and receiving to in-
sure reciprocity.

For convenience, the first two
terms on the right of the propaga-
tion equation are plotted in Fig, 1.

Examples

To illustrate the method, and
indicate what can be expected from
typical Citizens Radio systems, con-
sider combinations of the following
equipments:

Transmitter 1, personal: 830 milli-
watts power, T, = —15 db.

Transmitter 2, portable-mobile:
1 watt power, T, — 0 db.

Transmitter 3, fixed: 15 watts
power, T, = 12 db.

Receiver: 7 microvolts sensitivity
at 50 ohms impedance, R, — 120 db.

Non-directional antenna, simple
half-wave dipole = Gain +2 db.

Directional antenna, dipole with
90-degree corner reflector = Gain
+12 db.

Antennas for the first two trans-
mitters are 8.2 wavelengths (7 feet)
above ground, or a height gain of
20 log 3.2 =10 db. The antenna for
the fixed transmitter is 75 feet
above ground, giving a gain of 30
db, which is partially offset by a
3-db coaxial cable loss.

Figures of performance in terms
of maximum useful distance are
tabulated in the acecompanying
tables for various combinations of
units. Values of a are 0.0005 for
open country, and 0.04 for dense
woods. Values in parenthesis are
the average of experimental data.

The value of a directional an-
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FIG. 6—Closeup of early receiver using
miniature tubes

tenna as a field accessory for port-
able use is obvious. The tables do
not apply to the downtown sections
of large cities, where results are so
variable as to preclude any useful
interpretation. Communication may
be good between low-power portable
sets for a few blocks if they are in
direct optical view of each other;
but where buildings intervene, the
attenuation will be very great.
Numerous weak signal areas due to
reflections and shadows are very
annoying to an operator; conse-
quently, one could hardly expect
operation in such areas to be of
value to the general public.

This statement may be modified
somewhat in the case of certain
special applications. The points of
weak signal due to multiple reflec-
tions from surrounding structures
seldom have anything approaching
a complete null. Rather, a signal
from a low-power portable trans-
mitter, radiated from an antenna
which may be unfavorably placed,
will at a short distance become so
weak that standing wave variations
may take it down below the receiver
noise level. Where a more powerful
transmitter with a favorably placed
antenna can be used, as in the case
of multiple address or paging sys-
tems, one will find most of the im-
mediately surrounding territory
filled up with signal.

Effect of Obstacles

In one test, a transmitting an-
tenna was located about 50 feet
above the street on a long support
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projecting from a window. 1he an-
tenna was about 25 feet below the
average roof level of surrounding
buildings. Power was about 0.2
watt. Intelligible signals could be
heard on the same street for about
a half mile in either direction, but
as soon as a corner was turned
even one block away, the signal dis-
appeared.

High Antenna

In another series of tests at a
different location, about 10 watts of
signal were fed to a directional an-
tenna mounted on top of a 75-foot
tower. The antenna, a dipole with
a 90-degree corner reflector, is
mounted on a rotatable platform,
and is high above immediately sur-
rounding structures. The sur-
rounding area is densely built up
with brick homes, apartment build-
ings and light industrial plants,
most of which are two or three
stories in height. A receiver and
a 1-watt transmitter were mounted
in a car having a quarter-wave
vertical antenna on the roof.

In driving away from the fixed
station following an arbitrary route
along the streets, one is out of
direct view of the tower most of
the time. In certain general di-
rections, an intelligible signal is
received up to about 7 miles, with
only minor occurrence of dead spots.
Within about three miles, no notice-
able loss of intelligibility is found
under streetcar wires, bridges or
the elevated structure. At one point
about a mile south of the tower,
gignals can be understood in the
eenter of a 300-foot long steel via-
duct under a railroad yard.

A summary of field tests shows
that coverage is nearly complete
within about a three-mile radius.
Beyond this radius, coverage to a
car is good to about a 7-mile radius
except where one is anywhere in
the shadow of a tall and bulky
structure such as a gas storage tank
to the southwest. Beyond the 7-
mile radius, reception is generally
poor or non-existent except for
line-of-sight.

These results will not be dupli-
cated in downtown areas, but they
do indicate that substantially com-
plete coverage of industrial proper-
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ties or large public gatherings for
paging purposes can be accom-
plished with a suitable transmitter
and antenna.

In rural areas where the ground
is fairly level, much less variation
from the predicted performance is
found. It is in such areas, or in
smaller towns, where Citizens Radio
should find its chief application.
Any particular combination of
equipment will have its own maxi-
mum expected range of communi-
cation, but at distances within that
particular range, reliable communi-
cation should be expected.

Farmers, ranchers and various
types of field parties should find
many uses. Hunters will find their
use of Citizens Radio somewhat re-
stricted because of the high attenu-
ation of dense woods, but on the
other hand, lake fishermen or
yvachtsmen will obtain good results.
The performance in hilly or moun-
tainous country has not been di-
rectly investigated.

Figure 2 shows a transmitter-re-
ceiver combination which may be
operated from a six-volt storage
battery or from an a-c power sup-

ply. The transmitter consists of a
plate-modulated oscillator using a
type 6F4 acorn triode in the center
of an effective half-wave line with
both ends short circuited. A power
output of two watts is obtainable
with better than 50 percent plate
efficiency. By reducing plate volt-
age, power outputs of one-half watt
or one watt may be selected.

The receiver is a self-quenched
superregenerative detector with an
input sensitivity of 7 microvolts for
a 10-db signal-to-noise ratio. Input
coupling was adjusted for maximum
performance when the source had
an impedance of 50 ohms. The re-
ceiver tube is a Raytheon 605-A
miniature triode.

A common audio-frequency am-
plifier is used for both transmitter
and receiver. Tuned circuits con-
sist of short-circuited sections of
two-wire transmission lines. Inter-
connection cables at radio frequency
are type RG-8/U coaxial line with
type N fittings. Figures 3 and 4
show views of the transmitter-re-
ceiver unit.

Figure 5 shows a midget battery-
operated receiver used in tests re-

Table I—Two Personal Sets

Range in Miles

Antenna Type Total Gain Open Country Dense Woods
Nondirectional.. . ....... 129 db 0.6(0.5) 0.2(0.15)
Directional............. 149 db 2.0 0.3

Table II—Two Portable-Mobile Stations
with Type 2 Transmitters (1 Watt)

Range in Miles

Antenna Type Total Gain Open Country Dense Woods
Nondirectional .......... 144 db 1.5 0.25
One Directional . . ...... =
{One Nondirectional... . . y 154 db 2.6(2.8) 0.35(0.1)
Directional . . ....... ., .. 164 db 4.0 0.43

Table III—Between Type 3 Transmitter with 75-Foot High Directional
Antenna, and Mobile Installation with Type 2 Transmitter
and Nondirectional Antenna

Direction of

Range in Miles

Transmission Open Country tCity Streets
ToCar................. 183 8.5 (8-12) 6 (3-7)
FromCar.............. 171 5.0 3(1.5t04)

t Calculated with a = 0, b = 15 db.
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FIG. 8—Final doubler stage of the crystal-controlled transmitter shown in Fig. 7

quiring portable equipment. It in-
cludes a Raytheon developmental
556-A triodein a superregenerative
detector circuit, and is probably one
of the first receivers to successfully
use a filamentary type triode at this
frequency. A separate quench os-
cillator provides a square pulse to
the grid, it having been found that
self quenching was unsatisfactory
because of transit time effects in the
tube. This receiver has perform-
ance identical to that of the receiver
in Fig. 4. An earlier model of the
battery receiver is shown in Fig. 6.

A battery operated transmitter of
similar size has been built and used
in tests. The 556-A tube is used as
a plate-modulated oscillator, and
produces about 30 milliwatts of
power.

96

Figure 7 shows an exterior view
of a crystal-controlled transmitter
(radio-frequency section only) hav-
ing an output of one-half watt at
465 mec. A multiplication factor of
48 times from the crystal frequency
is accomplished in four tubes. The
fourth tube, a 6F4 triode, is
mounted in the quarter-wave coax-
ial cavity shown in Fig. 8, and acts
as a doubler.

The antennas used for both dry-
battery models are half-wave di-
poles protruding directly from the
insulating case, and capacitively
coupled to the plate of the oscillator.
Either dry-battery model can easily
be carried in one hand.

Two antenna types have been
used in most tests. One consists of
a quarter-wave vertical antenna
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operated above an equivalent
ground plane of six radial elements.
The other is a 90-degree corner re-
flector antenna with a gain in the
forward direction of 12 db over an
isotropic radiator.

Receiver sensitivity and other
measurements requiring a signal
generator were made with a Meas-
urements Corp., model 84 signal
generator. Frequency measure-
ments were made with a General
Radio model 720-A uhf frequency
meter. Measurements of power be-
low 1 watt were made with Sylvania
type PM-8 and PM-9 power measur-
ing lamps, and above 1 watt with a
Radio Research Laboratory type
532-B wattmeter which has for a
terminating load impedance a
length of 50-ohm lossy coaxial cable.

Conclusions

A considerable amount of work
must yet be done before finished
sets in commercial form are ready
to be offered to the public. It has
been demonstrated, however, that
simple and compact equipment can
be built using existing techniques
and available components. Citizens
radio transmitter-receivers for
fixed, mobile or portable use, draw-
ing their power from storage bat-
teries or a-c sources, can be built
into convenient packages and will
render a useful service. Dry bat-
tery operated sets of the hand car-
ried or pocket types are also com-
mercially practical for uses allowed
by their limited range, and as Cledo
Brunetti of the National Bureau of
Standards has demonstrated, the
limit of small size has not been
reached.

The writer wishes to thank Nel-
son P. Case, chief engineer, and
Harold Rensch, both of The Halli-
crafters Company, for their active
assistance and participation in the
development and experimental work
which is being carried on. Ac-
knowledgment is also due to R. E.
Beam of Northwestern University,
for suggestions and help in complet-
ing a thesis project which formed a
part of this work.
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Limited COMMON CARRIER
RADIO SERVICE

Hitherto unused frequency allocations provide extension of telephone answering service.

Pioneer f-m 160-mc message-dispatching stations with solid coverage in Greater New

York develop a new market for mobile radio systems

REQUENCY ASSIGNMENTS in the
Fregion of 160 megacycles are
being used by several relatively new
services. Notable among these are
taxi radio, already crowded and
clamoring for more room, and com-
mon carrier systems that make pos-
sible an extension of telephone serv-
ice to moving vehicles.

Although plans are now going
forward for increased activity in
the field of limited common carrier
this category has so far received too
little attention. A well-defined ex-
ample of such a facility is furnished
by the Brooklyn Telephone Answer-
ing Service, which uses radio to
supplement its regular functions in
Greater New York. Since June 1947,
the organization has pioneered a
new type of service in this country,
though it is closely paced by other
similar organizations with compar-
able aims, chief among them being
the Telephone Exchange, Inc. lo-
cated in Mantattan and using iden-
tical equipment.

Secretarial Service

A typical telephone answering
service performs two general func-
tions. It acts as a secretary for
doctors or others whose offices are
closed during certain periods of the
day or night but whose duties are
carried on over an essentially 24-
hour day. By prearrangement, the
service either comes in on a tele-
phone line after three unanswered
ringing signals or when the sub-
scriber calls in to request that each
call be answered immediately. Some
business establishments list a tele-
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phone number that is answered only
by the service and the service office
in effect manages all the subscrib-
ing company’s telephone business.
Telephone interconnections are ar-
ranged through the Telephone Com-
pany, which has for years shown no
inelination to dabble in this special-
ized field that constitutes a secre-
tarial rather than a strietly commu-
nications service.

Subscribers to the Brooklyn serv-
ice are so far principally doctors.
Included, however, are an oxygen
service, private ambulance opera-
tors, collision and towing-truck com-
panies, commercial refrigeration
emergency crews, marine riggers,
limousine services, and fire adjust-
ers. Most of these subscribers are

also served by the supplementary
radio dispatching service.

Present tariffs depend upon
whether the subscriber rents or pur-
chases the mobile equipment in-
stalled in his vehicle. For custom-
ers supplving their own equipment
the cost is $17.50 a month for the
first hundred messages. The second
hundred messages cost 15 cents
apiece. From 300 calls and up the
charge is reduced to 10 cents. A
message is defined as any complete
transmission or reception at the
central service office. Calls from
cars to test reception conditions are
not subject to charge.

Particularly in the initial stages,
subscribers to the radio service are
reluctant to spend the $300 to $600

Telephone Exchange, Inc.
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dispatcher with remote control

unit and loudspeaker.
Incoming and outgoing calls are channeled through her land wires
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necessary for the purchase of mo-
bile equipment and yet are definitely
desirous of obtaining the more fa-
vorable rates available to those own-
ing their ocwn equipment. The
Brooklyn Service has taken a realis-
tic attitude towards the matter and
is now prepared to accept a cash
down-payment and eleven notes,
each payable on succeeding months
at a yearly rate of 6 percent. DBe-
sides paying interest only on the

time that the principal is actually
outstanding, the sulscriber saves
more than the cost of the financing
with a normal use of the service be-
cause of the reduced tariff.
Although the subscriber is ulti-
mately responsible to the Federal
Communications Commission for
the operation of his equipment, the
details of obtaining a simple license
for type-approved transmitter-re-
ceiver are handled by the service

Free-lance radio actor Carl Frank using a typical subscriber’s installation served by
the Manhattan service

Installation engineer Kendall adjusts a dispatcher’s receiver at the St. George Hotel
tower in Brooklyn., Transmitter and power amplifier are above two receivers
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company that makes installation.

It should be understood that the
subscriber in his ear, or anyone call-
ing the subscriber, talks only to the
Brooklyn Answering operator-sec-
retary. While at first blush this lack
of direct contact between s«ubseriver
and correspondent might seem a
disadvantage it has many good
points. In the first place, anyone
desiring the extension of norm..
telephone facilities can obtain them
through the radio network set up by
common carriers licensed for such
service. The type of subscriber us-
ing the limited common carrier sys-
tem may frequently find it incon-
venient or undesirable (as is the
case with doctors) to communicate
directly with the person initiating
the call.

A doctor can call briefly through
the service to inform his office of
his whereabouts or availability and
then continue driving through traf-
fic while his secretary attends to
the details of his regular routine,
informing him of his best schedule
after she has considered all the fac-
tors in the case. This aspect of the
service also enhances the economical
use of the radio spectrum. A trained
dispatcher can quickly present the
essential information and receive a
comprehensive reply, whereas two
individuals talking over the tele-
phone are likely to use manyfold the
required time necessary for the
transmission of the bare intelli-
gence. Actual tests show that on a
limited common carrier system the
time elapsed between the reception
of a message and its transmittal to
a subscriber varies between six and
eight seconds.

Installation

Besides providing a fixed trans-
mitter of greater power than the
mobile equipments, great care was
exercised in the location and instal-
lation of the transmitting-receiving
antenna and its associated equip-
ment. Because of the premium
placed upon tall buildings for f-m
and television broadcast use, no at-
tempt was made, after preliminary
investigation, to compete with the
rental costs imposed upon these
services. Owners of lower buildings
were canvassed and finally the roof
of the Hotel St. George in Brooklyn
was chosen as the most favorable
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compromise among the factors of
location, elevation, and rental. The
monthly rate (excluding additional
power charge) is less than that for
a comparable space in the guest
rooms of the hotel, making the
installation economically feasible.
The transmitting-receiving instal-
lations are controlled over a pair of
leased telephone wires from the
main office of the answering service.

The engineer was careful to
place the center of his antenna 40
feet above the roof of the 430-foot
hotel penthouse. By this means,
all overhangs and decorative cor-
nices were at too low an angle to
shade any but the nearest reception
points that received adequate sig-

nal anyway owing to their proxim- Bruﬁiﬁick B
ity. As a result, the coverage indi- \ = o)

cated on the map is complete, s SN 16

without holes. Calls between the =i \\ TL AN
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burg and Brooklyn Bridges, and un- i I SRS

der the West Side Highway just
after coming down the 54th Street
ramp. All these locations interpose
obstructions of steel or stone to the
most direct signal path. With the
vehicle in motion little distortion
was apparent in the signals, with no
loss of intelligibility.

The circuitry of the equipment
used both for mobile and fixed sta-
tions is by now conventional and is
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Coverage provided from the Brooklyn 250-watt transmitter operating with an antenna
gain of about 3 db. This map shows only the regicn for reliable talkback from mobile
units. Fixed station coverage exceeds these limits

shown only in block-diagram form.
The basic 30-watt mobile transmit-
ter shown is also used as the driver
for the 250-watt fixed station.
Power source for mobile equipment
is the ear battery. In general, no
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Block diagram of f-m receiver (A) for mobile or fixed operation at 160 mc, and

transmitter (B). Choice of crystal frequency within the band depends upon channel

authorization. The itransmitter power amplifier is added to the low-power section
for fixed-station operation
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special battery or unusual charging
device is necessary because in this
service the equipment is turned off
when the vehicle is vacated and the
receiver-transmitter standby cur-
rent is only 8 amperes,

The mobile equipment installed
by the Brooklyn company operates
on 157.29 mc and is licensed under
the blanket call W2XTK. The dis-
patcher’s transmitter operating on
152.03 mc has the call W2XTJ. Since
these frequencies are used in com-
mon with the Manhattan company,
W2XJJ each dispatcher is provided
with an additional receiver tuned
to the latter frequency so that any
interference between dispatchers is
avoided. Mobile units identify them-
selves and are called by coded num-
bers, so that in the broad region in
which the coverages ovarlap there
is a minimum of confusion.

Thanks are extended to Jim Cody
of Motorola, Inc., and particularly
to P. R. Kendall, field engineer and
regional manager of the same com-
pany, for system information and
demonstrations. We are indebted to
A. H. Simon for business statistics
on the Brooklyn service.—A.A.McK.

9



ESIGN of a servomechanism by
D classical mathematics is diffi-
cult. The necessary characteristies
of components of the mechanism
seem mutually irreconcilable. The
two principal components are (1)
the error sensing, or perception, ele-
ment and (2) the correcting, or
restoring, force. Both these ele-
ments have been developed to a high
degree and in wide variety; how-
ever they have not been adapted
as extensively to cooperation.

In a servomechanism, corrective
action is initiated by the sensing
element perceiving an error be-
tween the required and the existing
conditions as shown in Fig. 1. The
error signal causes the power source
to operate to reduce the error. Small
error produces only a small restor-
ing force, thus the system is insen-
sitive to small error. To increase
the accuracy, an amplifier can be in-
troduced between sensing and re-
storing elements. Small error then
produces large restoring foree, thus
the system over-corrects small er-
rors. The over-correction may result
in prolonged oscillation if the ampli-
fication is high. Thus it is seen that
a sensitive servomechanism may be
unstable.

Based on a mathematical analysis
of the system, one solves the above
dilemma by introducing a velocity-
sensing element in the error signal
mechanism so that the error signal
is increased proportionally to the
speed with which an error is devel-
oping. In this manner the correct-
ing torque is removed if the error is
rapidly being corrected (positive
error plus negative speed of devel-
oping error results in zero error
signal). The restoring force is
thus removed before the actual
error has been reduced to zero; the
system slows down as it approaches
balance, and is thus stabilized.

However, when the proper
amount of velocity compensation is
included in the servomechanism to
compensate for a load of given iner-
tia and friction, the system will not
operate satisfactorily if the load
changes. Thus one realizes that a
purely mathematical approach to
servomechanism design is limited.

Basic Requirements

The basic requirements of a pack-
age servomechanism, if it is to be
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FIG. 1—Basic elements of a servomechanism include a feedback loop
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FIG. 2—The Motron servomechanism has governor—controlied feedback

A Packaged
Servomechanism

By W. C. ROBINETTE

W, C. Robinette Co.
South Pasadena, Calif.

commercially successful, is that it
be able to control any type load with
only minor adjustments, and that
normal changes of load do not affect
stability and sensitivity of the ser-
vomechanism. Nor should the pre-
selected operating point drift with
changes in load, supply voltage, or
temperature. In addition, if the
servomechanism is to be useful in
process control, it must automatic-
ally compensate for changes in lag
time or process delays occurring in
the process under control.

Other required characteristics in-
clude an error-detecting mechanism
operating at very low torque so that
the controlled function need not be
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disturbed. The servomechanism,
acting as a torque amplifier, should
follow the rate input smoothly. Ex-
tremely low dynamic errors are
necessary only in a few specialized
types of application such as milling
machines or fire controllers. These
applications require low-inertia
motors and other refinements not
necessary in a packaged servomech-
anism intended for general indus-
trial use. Therefore most industrial
applications can be filled by a sys-

tem using standard induction
motors and low-power electronic
amplifiers. System performance

should be sufficiently simple to be
readily understood by installation
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FIG. 3—Hydraulic pump control illustrates stability of the servomechanism

Industrial processing can be accurately and automatically

controlled by servomechanisms. Although such devices are

usually designed for a particular application, the one

described here will control various loads such as a paper

winder, milling machine, oil blenders, and blowers

and plant maintenance personnel.

From the foregoing comments
one sees that, rather than attempt
to design a packaged servomechan-
ism to meet anticipated require-
ments by mathematical analysis, it
will be better to consider busic
physical principles. Such an ap-
proach simplifies examination of the
effects of nonlinearities in the sys-
tem. Based on Newton’s first law
of motion (objects continue in their
states of rest or uniform linear mo-
tion unless acted upon by outside
forces), it is deduced that the
proper independent variable of the
servomechanism is velocity (that is,
rate of motion, or speed in a given
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direction), rather than position.
Thus the velocity of the load is
made proportional to the ervor in the
region of balance; when the error
is zero, the velocity is zero, and the
load is at its balance point. Because
the balance point is determined by
the load reaching zero velocity, the
difficulty of instability from over-
shoot previously described s
avoided.

The second consideration is the
conservation of energy. Excess
kinetic energy stored in the system
at high error-correcting velocities
must be completely absorbed by re-
verse motor torque during a retard-
ation period as the-balance point is
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approached. The motor provides
positive energy input to force the
system to balance but absorbs all
the stored kinetic energy (input
energy minus frictional losses) as
balance is re-established. In this
way the condition of zero velocity,
previously found desiruble, can be
obtained.

Two types of loads can be ex-
pected in industrial applications,
one having small friction and high
inertia, the other having low in-
ertia and high friction. A single
load may present different charac-
teristics under variable operating
conditions. Therefore two methods
of preventing over-shoot are used
assuring stability independently of
svstem amplification.  The first
method is to vary the time during
which the motor can develop full re-
verse torque. The second is to limit
the top speed. The first method
mukes it possible to absorb ull the
stored energy; the second method
limits the maximum stored energy
(thus making it possible to absorb
it in a reasonably short time).

Servamechanism Design

By the type of operation des-
cribed above, svstem stability is as-
sured. Therefore it is possible to
utilize extremely high amplification
producing a very sensitive servo-
mechanism. Furthermove, with vir-
tually unlimited amplification rossi-
ble, the error sensing mechanism
can be made verv sensitive, thus
making it possible to detect minute
errors.

These characteristics are realized
in the Motron (trade mark regis-
tered, U. S. Patent Office) packaged
servomechanism shown diagram-
matically in Fig. 2 as follows: The
motor constitutes a variable-speed
power source whose speed is con-
trolled by a governor. A czontrol
shaft on the governor controls the
motor speed from full speed for-
ward through zero to full speed in
reverse. The speed selected by this
governor control is obtained, within
close limits, providing that maxi-
mum motor torque is capable of sup-
plying the required energy to the
system. Maximum motor speed in
either direction can be limited by
adjustable stops on the governor
control. Time lag in the servomotor
is the period necessary for full
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motor torque to accelerate the sys-
tem inertia to the desired speed.
To combine these elements into a
process control servomechanism, the
output of the motor is made to move
the governor control by way of the
process so that the governor con-
trol approaches its center, or zero
speed, position when the output
shaft approaches the desired posi-
tion. In actual industrial applica-
tions, the output motor drives what-
ever can be, readily controlled that
causes process changes (such as
blower, winding motor, or guide
roller as shown in the illustrations
elsewhere in this article) ; the gov-
ernor control is operated by the
factor being controlled (such as air
velocity, wire tension, or paper
alignment) through a sensing ele-
ment or indicating gage. Displace-
ment of the controlled variable
causes the motor to develop full
torque until it obtains a velocity
proportional to the displacement
(or its maximum velocity). As the
controlled variable returns to nor-
mal, the motor decelerates its load
by absorbing energy from it, stop-
ping it when the system has been
corrected. Speed limiting stops on
the governor control can be ad-

justed, if necessary, to limit the
maximum speed (and hence maxi-
mum stored kinetic energy).

That the servomechanism will
respond in this manner when ap-
plied to a practical process control
problem is demonstrated by its
performance in controlling an illus-
trative fluid flow system such as
that of Fig. 3. To indicate the
ability of the system to handle
changing process time lags without
losing stability, a series of three
consecutive fluid storage reservoirs,
each with narrow weirs so that the
rate of flow is not proportional to
the height of water in each reser-
voir, is set up to constitute the
process. The servomotor drives
(unidirectionally) a standard cen-
trifugal pump with exponential dis-
charge. The last reservoir rests on
a small scale the deflection of which
is transferred to the lever of the
governor control, thus causing the
servomotor to run at a rate to main-
tain the weight of water in the
third reservoir constant. Rate of

flow can be adjusted by changing
the length of the linkage between
scale and governor control, giving
rates from maximum down to sev-
eral drops per second.
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Tension in a bobbin is controlled by running thread over pulley fastened to arm of
eccentric shaft; servomotor pays out at constant tension
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At high rates of flow, the system
balances from a standing start with
only several half-cycles of over-
shoot when the pump discharges in
the last reservoir. As the rate of
flow is decreased, the pump dis-
charging into either the second or
upper reservoir, there is a fairly
abrupt point at which the system
becomes unstable and hunts. Hunt-
ing can be stopped by restricting
the maximum speed range of the
motor by adjusting the limit screws
of the governor control. Changing
the discharge from one reservoir to
another does not cause instability.
In other processes in which there
is added to the time lag of this type
of system a backlash as well, the
servomechanism is also dynamic-
ally stable because of the same
action of coming to rest when the
error is reduced to zero.

Governor Control

Thus far the discussion has been
concerned with mechanical princi-
ples of the system and its over-all
operating characteristics. These
characteristics are dependent on the
principle of operation outlined
above, but their practical attain-
ment depends on the motion of the
governor control.

The governor control consists of
a pair of pure metallic (silver or
another equally good conductor)
contacts. The contact resistance
between them is one arm of a
bridge that actuates the electronic
motor controller (described later).
One of these contacts (called the
Governor Wand) is on the governor
control shaft shown in Fig. 4 and
hence is positioned by the controlled
variable. This contact is a flat dise
of silver about i inch in diameter.
The other contact is an 3-inch diam-
eter axial silver contact on the gov-
ernor spring, thus its axial position
is dependent on the instantaneous
motor speed. As the servomotor
causes the governor to accelerate,
centrifugal force on the governor
weights deflects the governor
spring, pulling the governor contact
away from the control shaft con-
tact.

Critical governor speed is defined
as that at which the centrifugal
force pulls the governor contact
away from the control, or wand,
contact so that approximately one
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Web of paper can be guided into continuous lateral position within plus or minus
0.0d4 inch. Paddle against paper is fastened to error eccentric

megohm of impedance appears be-
tween the two. This critical impe-
dance between the silver contacts is
obtained with infinitesimal pressure
between them, thus providing the
low power-absorption of the error-
sensing device. (It has been sug-
gested that the limit of sensitivity
of the method of motion detection
is a motion of molecular dimensions
occurring in the boundary layers of
the two contacting elements. Others
have suggested that, rather than a
restivity function being involved, it
is a capacitive effect between molec-
ular boundaries separated by molec-
ular dimensions. Whatever the
phenomena involved, the term Mole-
cule Squeezer aptly describes this
sensing element. It possesses the
limiting ability to detect molecular
. positional errors with only infin-
itesimal force. Its motion could not
be duplicated by a potentiometer.)
To make the governor sensitive
to the direction of the servomotor
rotation a rotational bias is intro-
duced. The servomotor drives a
differential through a belt. The
cooling fan motor also drives one
of the inputs of the differential
thrcugh a belt; this drive consti-
tutes the bias. The output of the
differential then drives the gov-
erncr. Thus at zero servomotor
speed, the governor is driven at the
speed determined by the fan motor.
When the servomotor rotates oppo-
sitely to the bias rotation, the gov-
ernor runs slow; when the servo-
motor rotates with the bias rota-
tion, the governor runs fast. As
displacement of the contact on the
governor is linear only over the
midrange of governor speed, this
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bias also places the governor contact
on the linear portion of its displace-
ment characteristic. The phases in
which all the elements of the system
and any interlocks are connected
must be such that governor deflec-
tion will tend to follow the deflected
position of the wand.

In comparison to other types of
servomechanisms, the governor
with its rotational bias performs
the function of phase detector. Be-
cause the deflection of the governor
is proportional to velocity, it per-
forms the function of a differenti-
ating circuit. Also, as a minute de-
flection of the Molecule Sqeezer is
sufficient to unbalance the bridge,
the governor acts as an amplifier.
The governor responds with such
rapidity to changes in load position
(as indicated by the governor con-
trol wand position) and servomotor
velocity that, especially about the
balance point, the servomechanism
has extremely fast response. This
system can have a loop cutoff fre-
quency when using low inertia
servomotors as high as 150 to 300
cps compared to approximately 20
cps for other systems. The gov-
ernor controls the servomotor out-
put from zero to full torque in the
limiting period of 0.25 to 0.10 cycle.
Under such conditions, low inertia
servomotors have shown stable ac-
celeration and retardation rates of
200,000 to 400,000 deg/sec/sec.

Bridge Circuit and Amplifier

The governor contact, located on
the axis of rotation of the clock-
spring governor loop, maintains
brightly polished contacting sur-
faces by its wiping action. The
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bridge balancing current is less
than a milliampere, so that pitting
or arcing cannot occur. This con-
tact is one leg of a bridge in the
grid circuit of an electronic ampli-
fier using a pair of 50B5 tetrodes
and a pair of 35W4 rectifiers. The
amplifier feeds one phase of a con-
ventional, two-phase squirrel-cage
induction motor rated at 1/15 hp,
115-v- a-¢, 60 cps (manufactured by
Bodine.) The main winding of the
induction motor is excited from the
power line.

The bridge circuit is balanced
when about one megohm of resist-
ance appears between the governor
contacts. Balance causes in-phase
current to the second winding of
the motor, which then can<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>