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COMMUNICATION ONE SOURCE FOR ALL TYPES

RECTIFICATION
v For a quarter century AMPEREX has been identi-
e ELECTRO'MED'CAL fied with creative research, laboratory approach,
k precision manufacture and helpful service in its
\EXPH“MENTAL chosen field—power tubes. As tube specialists
Y cdeeply concerned with all modern develop-

SPEC'AL PURPOSE ments, Amperex engineers are in a position to

give detached counsel and information.
WRITE, AMPEREX APPLICATION ENGINEERING DEPARTMENT.
AMPEREX ELECTRONIC CORPORATION
25 WASHINGTON STREET, BROOKLYN 1, NEW YORK

IN CANADA AND NEWFOUNDIAND: ROGERS MAJESTIC LIMITED
11-19 BRENTCLIFFE RD., LEASIDE, TORONTO 12, ONTARIO, CANADA
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]9]4' World's first vocuum tube re-

peoter omplifier; designed by
Bell Telephone scientists and mode by
Western Electric for tronscontinentol
telephony, wos the stort of modern

>4
”

]9]9' These Western Electric ampli-

fiers powered the mightiest
sound system of its doy, used ot New
York's “Victory Woy'* Celebrotion ofter
World Wor I. There were 113 loud-

electronic communicotions.

HEN Bell Telephone scientists

designed and Western Electric
manufactured the first vacuum tube re-
peater amplifier back in 1914, they
opened a vast new frontier of communi-
cations and sound distribution. Up to
that time, telephone communications—
both by wire and radio—could cover
only limited distances and produce
relatively low volumes.

For more than 30 years, this team has
produced ever better amplifiers for

speokers in the system.

almost every use —long distance wire
and radio telephony, radio broadcasting,
sound distribution systems, mobile radio,
sound motion pictures, disc recording,
acoustic instruments and radar.

Equipped with unexcelled tools of re-
search, experience, skill and manufac-
turing facilities, the Bell Laboratories-
Western Electric team will continue to
design and build amplifiers outstanding
in quality, efficiency and dependable
performance.

= QUALITY COUNTS ==

BELL TELEPHONE LABORATORIES

World's largest organization devoterl exclusively to researcl
and development in all phases of electrical communications

Wes

ern Electric

A‘lanuf(u‘lunng unit of the Bell Svstem and the nation’s largest
producer of communications equipment.

Proceedings of the 1.R.E. and Waves and Electrons
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1922, The Western Electric BA was the

first commercial broadcasting
amplifier. Today, 24 years later, some
of these 8A's are still in use. This long
life speaks volumes for the quality
built into them,

1946 The brand new 124H and )

amplifiers for wired music and
public address systems are small and
light weight, yet deliver 20 watts, They
ore setting new standards of quality
for music reproduction.

1928_ This ac operated amplifier, one

of the first made, reduced main-
tenance costs and did away with cum-
bersome batteries and charging equip-
ment. It was used to record some of the
earliest sound motion pictures.

]942 This compact and powerful unit

for battle announce systems is
typical of Western Electric amplifiers
designed during the war. It operated
dependably when mounted a few feet
from the largest guns.

]946 The 1126C is the latest design of Western

* Electric’s popular level governing amplifiers.
In operation it acts as a program-operated gain
control to prevent overmodulation in AM or FM
broadcasting, It immediately reduces gain when
an instantaneous peak exceeds a predetermined
level, slowly restores it when the peak is passed.

OFF
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]934_ Western Electric was an early

leader in making compression
type amplifiers to enable higher speech
intensity between noise level and over-
load point. This equipment was used in
overseas radiotelephony.

4
1938, Negative feedback is another
of Bell Laboratories’ many con-
tribptions to amplifier design—now in
general use. This amplifier for disc re-
cording was able to supply as much as
50 db of feedbrel




teristics.

contact areas.

station service.

ROADCAST stations that prefer forced-air

cooling, and builders of transmitters for this
type service, both will welcome General Electric’s
Type GL-5518 triode—a NEW v-h-f tube with
plenty of power, modern in every way, able to
meet the exacting demands of FM with plus-
marks for its performance.

A pair of GL-5518’s, operating conservatively
in a grounded-grid amplifier, will put out more
than 12}4 kw of power. Uswally the GL-5518 need's
no neutralization in g;wmded-grid circusts; but
when required, a small amount of fixed neutrali-
zation suffices over a wide frequency band.

i G‘”‘RA

High power output—see ratings!—yet forced-air
cooled for convenience of installation.

Frequency up to 110 mc¢ at max plate input.

Ultra-modern in design and electrical charac-

G-E Ring-Seal construction gives large terminal-

COMPACT and sturdy. Built to ‘‘take it in hard

NEW V-H-F
POWER TRIODE
FOR 10-KW FM

TYPE GL-5518

‘f' RATINGS

£ Filament voltage 63 v
-5 Filament cyrrent 250 amp
? Grid-plate transconductance 12,000 mhos

Interelectrode capacitances:
Grid-filament
Grid-plate
Plate-filament

28.5 mmfd

20 mmfd
0.55 mmfd
Frequency at max ratings 110 me

Type of cooling forced air

Plate ratings per tube, Class C power am-
plifier, grounded-grid circuit (key-down
conditions without modulation):

Max voltage 7,500 v
Max current 2 amp
Maox input 12 kw
Max dissipation 4 kw

USEFUL POWER OUTPUT, typical opera-
tion (at 6,000 v and 1.3 amp) 6.4 kw

To these features should be added:
1. Extremely low lead inductance.

2. Minimum r-f losses due to silver-plating
all external metal parts.

3. Topnotch electrical efficiency from gen-
erous ring-seal terminal-contact areas.

Let G-E tube engineers work with you to apply
the GL-5518 to new equipment for the big FM
broadcast market that favors air-cooling. Phone
your nearby G-E office, or write Electronics De-
partment, General Electric Company, Schenectady
5, New York.

161-K18-8880

GENERAL @ ELECTRIC

FIRST AND GREATEST NAME IN ELECTRONICS

4A Proceedings of the I1.R.E. and Waves and Electrons December, 1946



P The Presto 88-A is a 50-watt amplifier designed specifi-
cally to drive the modern wide range magnetic recording
head, such as the Presto 1-D. Its very ample output stage—
four 807’s in push-pull parallel — provides adequate power

J at peak levels with a minimum of distortion. A selector
Four 807 s switch provides a choice of :
1. Flat response 20 to 17,000 cycles per second, * 1db.
P“Sh 'Pu " Pafal Iel 2. The NAB recording characteristic.

3. Rising characteristic for vertical recordings.

B The Presto 88-A is ideal for the most exacting recording
requirements.

For full specifications of the
Presto 88-A, please write to
the Presto Recording Corpo-
ration, 242 West 55th Street,
New York 19, N. Y. To insure
future delivery within a rea-
sonable time, we suggest that
you place your order on our
priority list since orders are
considerably in advance of RECORDING CORPORATION
production. 242 WEST 55TH STREET, NEW YORK 19, N. Y.
Walter P. Downs, Ltd., in Canada

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

Preceedings of the I.R.E. and Waves and Electrons December, 1946 S5A



REVERE PHOSPHOR BRONZES
OFFER MANY ADVANTAGES

STRENGTH — Resilience — Fatigue Resistance — Corrosion Re-
sistance—Low Coefficient of Friction—Easy Workability—are
outstanding advanrages of Revere Phosphor Bronzes, now avail-

able in several different alloys.

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

phor Bronzes in your plant or product.

Proceedings of the 1.R.E. and Waves and Electrons

1 —Plunger guide
2—Thermostat spring
3—Internal lock washers
4—Contact springs
5—External lock washers

6—Operating lever

7—Cap with integral springs in side

8—Retaining spring

9—Countersunk external lock washer
10—Pressure spring for capacitor
11—Five-contact spring

12—Contact spring for radio part
13—Pressure spring and terminal
14—Involute spring

15—Contact point tor solenoid
16—Contact springs
—made of Phosphor Bronze strip supplied
by Revere

REVERE

COPPER AND BRASS INCORPORATED
Founded by Paul Revere in 1801
230 Park Avenue, New York 17, New York

Mills: Baltimore, Md.; Chicago, 11l.; Detroit, Mich.;
New Bedford, Mass.; Rome, N. Y.—Sales Offices in
Principal Cities, Distributors Everywhere.

Listen to Exploring the Unknown on the Mutual Net-
work every Sunday evening, 9 to 9:30 p.m., EST,

December, 1946



For an Extna Margin of

DEPENDABILITY

UNDER ALL OPERATING CONDITIONS

FITTED TO THE
APPLICATIONS WHERE
COMPONENT DEPENDABILITY
IS ESSENTIAL TO

27 CHICAGO TRANSFORMERS JiEamnsP ¥l
\\‘i“& Sedfedm SM |

LOSS OF LIFE
DISRUPTION OF A

VITAL SERVICE

\
9°‘¥e e"“o o’\’""‘e o o\d
s Lol et co
\ 9ot ga BT\ oot ot
oot
o A -
” RADIO AND TELEVISION BROADCASTING
e FIXED, MOBILE, & SATELLITE EQUIPMENT
4",‘
—~ L)
P 6(0""\“‘,«0‘

MILITARY, POLICE, AND RAILRO
COMMUNICATIONS

AD

ELECTRONIC NAVIGATIONAL AIDS
FOR SHIPS AND AIRLINES

Sealea AGAINST ATMOSPHERIC MOISTURE AND INDUSTRIAL FUMES

INDUSTRIAL CONTROLS

#In these ond mony other tronsformer oppli-
cotions, economy, os well os efficiency, is best
served by Chicogo Tronsformer's Seofed in Steel
construction.

THUS  Sealeal AGAINST CORROSION OF COPPER COIL WINDINGS

Let its assurance of long-losting tronsformer re.
liobility help moke your electronic product free
of component replocements ond expensive servic-
ing regordless of adverse operoting conditions,

STAY Sealec IN EXTREMES OF HEAT AND COLD!

3501 ADDISON STREET =« CHIC &39—4‘9;&1&@_95}_& iy
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New Finch AM-FM Radio for receiving
both sound and facsimile. Table model

New Finch AM-FM Radio for receiving
both sound and facsimile. Console model

ORDERS
PLACED
NOW

WILL BE
GIVEN
PRIORITY

Complete Finch Facsimile Broadcast
Transmitter and Monitor Control Desk

FINCH TELECOMMUNICATIONS, INC. o oo Srame i nn oo o

Makers of Facsimile Broadcast Transmitting Equipment, Facsimile Home Recorders,
Facsimile Duplicating Machines, and Finch Rocket Antenna for FM stations.

8A Proceedings of the I.R.E. and Waves and Electrons December, 1946



New Property

Chart of
ASIMAG

TRADL WARR HIGISTEALD US. PATENT O10ICL

technical ceramic compositions

SENT FREE ON REQUEST

o

WHAT ALSIMAG IS:

AlSiMag is the trade name of a large family of
technical ceramic compositions. These compo-
sitions have different physical, electrical, me-
chanical and chemical characteristics. AlSiMag
parts are custom made to specifications.

WHAT THE CHART TELLS:

The properties of the more frequently used
AlSiMag compositions have been accurately
determined and reproduced in chart form for
quick reference.

ALSIMAG COMPOSITIONS NOT ON CHART:

Many special AISiMag compositions have been
developed to meet specific conditions. These
aretoo numerous to chart, If chart indicates gen-
eral characteristics of value, modifications to
svit your special application may be available.

WHO NEEDS THE CHART:

Any designing engineer, production technician
or purchasing agent will find chart helpful in his
search for materials for unusual applications.

HOW TO GET THE CHART:

The AlISiMag Property Chart is sent free on re-
quest. Request as many copies as you need to
cover your organization. Write to:

AMERICAN
LAVA CORPORATION

44TH YEAR OF CERAMIC LEADERSHIP
CHATTANOOGA 5, TENNESSEE

ENGINEERING SERVICE OFFICES: ST. LOUIS, Ma., 1123 Wash-
ington Ave., Tel. Gorfield 4959 * NEWARK, N. J., 671 Brood St.,
Tel: Mitchell 2-8159 * CAMBRIDGE, Moss., 38-8 Brottle St., Tel:
Kirklond 4498 *» CHICAGO, 9 S. Clinton St., Tel: Centrol 1721
SAN FRANCISCO, 163 Second Street, Tel: Douglos 2464
LOS ANGELES, 324 N. Son Pedro St., Tel: Mutuol 9076

-l

L4

Printed one side only, folded to file size. For use under
desk glass or as a wall chart or in standard file.

@OV,
AND ELECTRICAL PROPERTIES OF ,,-J_L ) ,NJ,,J_‘)’ CERA

CHABT NUMBER

MECHANICAL

AMIRICAN LAVA

COXPORATION CHATTANOOGA § FENNESSEE o

W reorteTiis STLAED st wOT AMTID |
| suow. meau commiy .

iy
i
HHIE

il
il

!
Tix

{
LI

HAES
it

B i

S5
%

[ we v
Gy WC P22
[rooem wC e
[T O € 02028

Q—n a...o..’2‘ T LTy

4 AN Wl @ Wan AukMag
e AR, M4 o L
. S =
A e i ey LS
il Ve v s € _ PRrety A Mg 483 e o 72

Cromem wmierais canemt he ot At P T
L) - ~—r
oyt rab el b e romarariar W i gy A e i b erar Aty 1

- v s for

70[""(‘[:

351

it

§ 2. AdR=2s.
fltt et
i ,

i

vt
e v oy

i

i

e
¥
{

i
]

i/

o
ubg»

l:in'

i)

65/

§/

nnunfﬁ ,}"

i

ny n;.‘{
45Tk
2 VP

il
{
]

t L] f
i
I

i,
‘
i
fief
1l

"}

f
{
i/

]
{

[E L
7
¥

]
{
H
f

l'l!

!l

tH
1 Hh
[
fi

j
f
{
i

WHERE ALSIMAG IS USED

AlSiMag technical ceramic campositions are
extensively used as insulators for electronic
and electrical applications; as gas burner tips;
flame noztle tips; far oil burner ignition insula-
tors; spray nozzles; as thread guides for abra-
sive yarns; as extrusion or spinnerette heads in
certain fibre or chemical processes; as cores
and inserts for precision castings; in work
holders for electronic heating devices—in short
wherever eleciricity, heat, chemical or certain
abrasive or friction conditions must be con-

trolled.
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Here’s how we pac

the PW package

EVE RY potential radio communication
syslem presenls problems peculiar to
its individual requirements. Each prob-
lem mnst be approached with the proper
attitude and answered methodically in or-
derly sequence. The PW System Analysis
Chart serves as a valuable aid to both the
client and the sales engineer... it enables
both to work out the problem efficiently.

Peek over the shoulder of a PW sales
engineer as he makes his first contact with
a prospective client. Notice that only the
basic units have been selected . . . those
obviously essential, from the list of availa-
ble PW equipment.

These basic units are then assemnied
together with whatever associated equip-
ment is required to complete the pro-
posed communication system. This sys-
tem is engineered, from start to finish, by
Press Wireless who for the past seventeen
years has designed, built and maintained
a globe-circling network of communica-
tion systems . . . transmitting better than
80 percent of the world’s press traffic.

PW builds its own equipment. It has
been pretested on our own world-wide
communication circuits. There is no guess
work when you submit your communica-
tion problem to PW. You obtain... from

December, 1946

one source, under onc contract ... all the
factors of anmalysis, design, engineering,
manufacturing and erection that go to
make up a successful communication
system.

Why not take advantage of PW experi-
ence today and let us assist you with your
communication problem. PW “packaged”
communication equipment is your logical
answer.

Please address inquiries, Dept. T08A,
Press Wireless Manufacturing Corpora-
tion, Executive Offices, 1475 Broadway,
New York 18, N. Y., U.S. A.

~—

JUNITS TR THE PW “PACKAGE”  /

s ‘ " /
“{ADIO-TEUEGRAPH ~

AND TELEPHONE| TEl_A_}l_ﬁ_MJI-TfRS‘\'
FREQUENGY SHIFT
RADIO-RHOTO
COMMUNICA?’IC)N RECEIVERS
_——RATUSN
L ASSOCIATED TERMINAL
EQUJPMENT \ ,

\ | N . ¥
Your installation is engineered from any com-\J

bination of the nbové standardized PW_unifs
"

| ~

N

144

7

FPRESS WIRELESS

Frst in Packaged " Gommuanieations Equjpment

11A



NC-2-.40D

Beauty goes deep in the NC-2-40D. Deep inside the
chassis parts of watchlike precision are assembled
with painsiaking care. Carefully designed mechanisms
enable the controls to respond to your slightest
touch. Thorough shielding helps circuits to develop
the fine performance, stable operation and uniform
response that you expect of a National receiver. We
invite you to study the photographs above. They

are pictures of quality.

NATIONAL COMPANY, INC., MALDEN, MASS.

Proceedings of the 1.R.E. and Waves and Electrons
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IT'S TOUGH TO FIND A BETTER
-TRIODE THAN THE BIG, RUGGED

EIMAC

VERSATILE MEDIUM-MU TRIODE

The Eimac 750TL is a medium-
mu triode designed for high effi-
ciency operation whether used as
a modulator, oscillator or ampli-
fier. This is an unusually versatile
tube capable of many kilowatts
of output.

Successful high frequency op-
eration of this triode is assured
by unusually low interelectrode
capacitances, heavy leads, and a
big tough cathode.

The chart below shows power-
gain characteristics of the 750TL.

As a Class-C amplifier, the
Eimac 750TL will provide plate
power output of 1750 watts with
4000 volts on the plate and only
53 watts driving power.

P, 1685w

L

E,=4000VOLTS
® EIMAC 730TL

LEGEND /

(414 €

CURVE <

o S— e fVOLTSY

78 |-s00
o1 76 [a%
——

....... 65 |-400

/ fp_ 780w

GRID DRIVING POWER- WATTS

Ly B, 0375w /.v.-',sow
] L4
o
2 /e
50
é"\ £, 0375w

"0 {/.

[4 200 1000 1300 2000 2800 3000
POWER OUTPUT~WATTS
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750TL

\_

At frequencies below 40 mc, y

or as a Class-B modulator, the
750TL operates at high plate ef-
ficiencies, thus permitting r-f and
a-f outputs of many times the
plate dissipation rating.

3% KILOWATT AUDIO OUTPUT

As Class-B modulators, a pair of
Eimac 750TL’s will produce a
typical maximum-signal plate
power output of 3500 watts, with
only 30 watts grid drive.

THESE ARE RUGGED TUBES

These big, powerful 750TL’s are
built for long,trouble-free service
for a wide variety of uses. Many
Eimac 750TL’s installed months
and years ago are still going
quietly and efficiently about their
business. Why not ask Eimac to-
day for a price and data sheet
giving full details of this versa-
tile triode. Naturally, there is no
obligation. Eitel-McCullough,
Inc.,1298] San Mateo Ave., San
Bruno, Calif. Export Agents:
Frazar and Hansen, 301 Clay St,,
San Francisco 11, Calif., U. S. A.

Follow the Leaders to

December, 1946

GENERAL CHARACTERISTICS

Eimac 750TL
Filament: Thoriated tungsten

VoltBge & « 4iw & & » v 4 7.5 voits

Gurrentil o o O o T 21.0 amperes
Amplification Factor {Average) S
Direct Interelectrode Capacitances

{Average)

Grid-Plate,. 4 rd. o wiw i gl = 5.8 uufd

Grid-Filament . . . . . . . 8.5 uufd

Plate-Filament . . . . . . . 1.2 uutd
Transconductance {Ie=1.0 amp.,

Es=5000, Ec=—100) . . . 3500 umhos
Frequency for Maximum Ratings . . 40 Mc
Base] . & ¢ = = Special 4 Pin No. 50038
BRSING| & o . @ & & @ o RMA type 48D
Maximum Overall Dimensions:

len@th . o v & s v e = 17.0  inches

Diameter . . . . . . . 7.125 inches
Net Weight . . . . . . . 2.75 pounds

Shipping Weight (Average) . 8.0 pounds

THE COUNTERSIGN
OF DEPENDABILITY

IN ANY ELECTRONIC
EQUIPMENT

13a



NEWS and NEW PRODUCTS

December, 1946

Coaxial Resistor

A coaxial resistor designed to dissipate
all r-f power fed into it with low voltage
standing wave ratio characteristics has
been announced by Bird Electronic Corp.,
1800 East 38 Street, Cleveland 14, Ohio. It
is rated at 50 watts for continuous duty
and is immersed in a liquid coolant.

It may be used as an impedance stand-
ard, a non-reactive termination to termi-
nate r-f lines, a dummy antenna while tun-

ing up transmitters, and determination of
transmission line losses. In conjunction
with the slotted-line measurement of volt-
age standing wave ratios, it eliminates the
usual necessity of stub tuners and match-
ing transformers. Further data may be ob-
tained from the manufacturer,

Dual Graphic Recorder

For recording simultaneously two rec-
ords of the same or different phenomena,
Sound Apparatus Company, 233 Broad-
way, New York 7, N. Y., has developed a
graphic recorder known as the Twin-
Recorder. Two synchronous motors are
employed, one for the writing pens, and the
other for driving the recorder at the two

chart speeds.

This device conveniently records upon
a single record such combinations of
measurements as current and voltage,
average and r.m.s. values, linear and
logarithmic values, and duplicate records
at the same time.

14A

These manufacturers have invited PRO-
CEEDINGS readers to write for literature
and further technical information, Please
mention your |.R.E. affiliation.

Iso-Coupler for FM
Antennas

The many broadcasters now adding FM
facilities may effect something more than
a minor economy,
(that is, the price of
another tower), if
they are able to
erect their’ FM an-
tennas atop an ex-
isting AM radiator.
This does, however,
introduce the prob-
lem of feeding the
FM power without
short-circuiting the
AM radiator at its
frequency or caus-
ing cross-talk at the
FM frequency.

Coupling equip-
ment which prop-
erly isolates the two
systems and feeds
the FM antenna
across the base insulation of the AM tower
has been developed and made com-
mercially available by the E. F. Johnson
Co., Waseca, Minnesota. This new unit,
the 1SO-COUPLER, rated up to and in-
cluding 50 KW AM and 10 KW FM, will
match 50-ohm lines from the FM trans-
mitter and does not disturb AM tower im-

pedance.

o reo s Y-

Gas Free Metals

The multiple advantages of high purity
and freedom from gaseous inclusions can
now be realized by utilization of high-vac-
uum techniques in many metal and alloy
fields. A partial list of metals so treated by
the Vacuum Metals Division of National
Research Corp., 100 Brookline Ave., Bos-
ton 15, Mass., includes copper, nickel, iron,
chromium, manganese, lithium, sodium,
magnesium, calcium and zinc all of which
are easily vaporized and produced in pure
form. ’

Existing equipment permits melts from
a few grams up to several hundred pounds
capacity at pressures between 10~¢ and
10-* mm. Hg. Upon request, additional
technical data and, in some cases, samples
of vacuum treated metals may be obtained
for experimental purposes.
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G. E. Announces Two
New Tubes

A new forced-ait-cooled transmitting
tube, Type GL-5518, for use as a class C
radio-frequency amplifier and oscillator,
and a three-electrode transmitting tube,
Type GL-5C24, for service as class A and
AB, audio-frequency amplifier and modu-
lator have been announced by the Tube
Division, Electronics Department, General
Electric Co., Schenectady 5, N. Y.

New Chairman of Parts
Association
Roy S. Laird, Vice President and Sales
Manager of Ohmite Manufacturing Co.,
Chicago, was recently elected Chairman
of the Association of Electronic Parts and

Equipment Manufacturers. Mr. Laird suc-
ceeds J. A. Berman of Shure Bros.

Les Thayer of Belden Manufacturing
Co., was elected Vice-Chairman; Miss
H. A. Staniland of Quam-Nichols was re-
elected Treasurer; and Ken C. Prince was
re-elected Executive Secretary.

Miniature Cathode Tubes

Two new miniature cathode type R-F
amplifier tubes, the 6BD6 and 12BD6 are
now being produced by Raytheon Manufac-
turing Co., Newton, Mass. Designed to
replace bulkier or obsolescent tubes, these
new tubes are the electrical equivalent of
the 6SK7 and 12SK7.

Outstanding features of these tubes,
include a very desirable and practical re-
mote cut-off characteristic, zero-bias op-
eration without cathode resistors, proper
operating characteristics with or without
series screen-dropping resistor, and produc-
tion of maximum useable stable stage gain,
regardless of mutual conductance, at radio
and intermediate frequencies.

(Continued on page 32A4)
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2018 AF OSCILLATOR

Meets every requirement for speed, ease of
operation, accuracy and purity of wave form
in FM and other fields wherc high fidelity is
important.

requency range from 20
Cps to 20 Kc. Up to 3 watts
power into 600 chm resistive
load with distortion of less
than 1%. (Distortion not
more than V4% at 1 watt out-
put.) Frequency control is
accurately obtained by direct
or a 6-1 vernier tuning over
a large illuminated, no-par-

LABORATORY INSTRUMENTS FOR SPEED AND ACCURACY

=TIIE ’q‘r - E -
SR {2}
et N s

3308 DISTORTION ANALYZER

Unusually valuable for measurement through
the audio spectrum in broadcast, laboratory
or production problems. Measures ‘‘total™

allax dial. Price $190.00 FOB

Palo Alco. distortioa at any frequency from 20 Cps to

20,000 Cps, and will accurately make noise
measurement of voltages as small as 100 mi-
crovolts. Linear r-f detector makes possible
measurement dircct from modulated r-f car-
rier. Maf' be used as voltmeter for measuring
voltage level, power output, amplifier gain;
or serves as high-gain, wide-band stabilized
amplifier with maximum gain of 75 db. Price
$375.00 FOB Palo Alto.

410A VACUUM
TUBE VOLTMETER

Measures voltage over
wide frequency range
(from audio to micro-
wave regions) at high
impedance. High input impedance and low
shunt capacity makes possible testing video
and VHF amplifier circuits without disturbing
circuit under test. ac measurements: Six
ranges, full-scale readings from 1 to 300 volts.
Input impedance 6 megohms in_parallel with
1.3 1ufd. Frequency response 20 Cps to 700 Mc,
=+1 db. de measurements: Seven ranges, full-
scale readings from 1 to 1000 volts. Input im-
pedance 100 megohms, all ranges. Resistance
measurements: Seven ranges, mid-scale read-
ings, 10 ohms to 10 megohms. Price $210.00
F Palo Alto.
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710A POWER SUPPLY

Ideal power supply for general, laboratory, or
production use. Delivers any required vorta ¢
between 180 and 360 volts, with approximatcly
19% variation for output cur-
rents of from 0 to 75 ma.
Maximum current 100 ma.
Line voltage variation of
+10% causes less than 1%
change in output voltage.
Total noise and hum output
is less than .005 volis. Sup-

plies up to 5 amps at 6.3
volts ac for heating filaments.

450A AMPLIFIER

A stable, wide-band, general purpose labora-
tory instrument. 40 db or 20 db gain of un-
usual stability, low Phase shift. Frequency
response Hlac within 12 db between 10 and
1,000,000 cycles. Input impedance 1 megohm
shunted by 15 wufd. Internal impedance less
than 150 ohms over entire range. Fully opers
ated from 115 volts, 60 cycles AC power
supply. Can be used with 400A Vacuum
Tube Voltmeter to measure voltages as
low as 50 microvolcs. Price $125.00 FOB
Palo Alto.

Either positive or negative
terminal may be grounded.
Price $75.00 FOB Palo Alto.

Noise and Distartion Analyzers » Audia Signal Generotors ¢ Attenvators
Avudio Frequency Oscillotars « Wave Analyzers » Yacuum Tube Valtmeters

Powar Supplies s Frequency Standards » Amplifiers ¢ ElectranicTachameters
Frequency Meters « UHF Signal Generatars « Square Wave Generatars
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~ IRON SLEEVE CORES

4
|

\5‘ FIG. 1. Stackpole Pawdered
Iran Sleeve and Care used far Diade
Transfarmer (1-F); Antenno, Oscillatar,
ar Filter Coils, efc.

The Modern Answer to
Better Coils in Less Space

F1G. 2. Grade SK1 care and powdered
iron sleeve (790 O. D. x 1Y," lang)
used with permeability tuning in auto

radio receiver.

tuned I-F transformer application.

FIG. 3. Two Stackpole cores and pow-
| dered iron sleeve used in a double

By USE of Stackpole Sleeve
Cores, much smaller cans of any
material may be used to provide
Q that is equal to or better than
that of conventional coils and
cans. Thus they pave the way to
an exceptionally high order of
tuning unit efficiency in greatly
reduced size. A few of many de-
sign possibilities are indicated
in the accompanying sketches.

Beside supplying additional
electrostatic and electromag-
netic protection over that pro-
vided by the can alone, sleeve
cores result in making the can
itself smaller, less- critical and
less costly. Inexpensive die cast
lead cans, for instance, may be
used instead of aluminum. In
some cases, it may not even be
necessary to use a can.

STACKPOLE CARBON COMPANY, ST. MARYS, PA.
EXPORT: Stackpole Carbon Co., 254 W. 34th St., New York 1, N. Y., U. §. A.

ELECTRICAL BRUSHES AND CONTACTS (All carbon, graphite, metal and composition types) ¢« RARE

METAL CONTACTS « WELDING CARBONS « BRAZING TIPS AND BLOCKS « PACKING, PISTON,
AND SEAL RINGS « CARBON REGULATOR DISCS « MOLDED METAL COMPONENTS, ETC.

16a
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3k RICHARDSON MEANSM /Yy IN PLASTICS

*RESEARCH

. a continuons ransfor-
mation of possibilities into
practical ideas m plastics.

*DESIGNING

. Artistic viwalization.
Creative engineering.
Practical planning for
efficient plastics production.

" qichardson Plastjp,
sé”ke ” u nds “.“\‘ “ / \00., . . . Complete mrachine shop

facslities for rmanufactur-
ing dies, molds and tools.

He’s one of many in the

Richardson organization. They

combine the best qualities of consultant. .. engineer. ..

scientist . . . salesman . . . designer. If you have a problem in plastics,
these men take the problem out of it . . . for you.

Richardson Plasticians form a flying squadron of skilled

technicians. They are men whose varied educational A A MINATING

...8heets, rods, tubes.
Standard NEMA grades;

to utilize fully Richardson designing, molding, over 700 special grades.

backgrounds and practical industrial experiences equip them
laminating, rubber-working and our own tooling

facilities. It’s a great team. No wonder our
customers keep coming back for more.

INSUROK Prcccoion Plastico

*MOLDING
e..Rubber and bitums;-
%. RICHARDSON COMPANY  :iiecis
resin plastics... Beetle,
Sales Headquarters: MELROSE PARK, ILL. FOUNDED 1858 LOCKLAND, CINCINNATI 15, OHIO Bakelite, Du rez, etc.
NEW YORK 6, 75 WEST STREET ROCHESTER 4, N. Y., 1031 SIBLEY TOWERS BLDG.
PHIIADEI.PHIA 40, PA., 3728 NO. BROAD STREET Sales Offices 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
Factaries: MELROSE PARK, ILL. -« NEW BRUNSWICK, N. J. INDIANAPOI.IS IND



FOR Higtier

VOLT-AMPERE RATINGS
IN Sialle: EQUIPMENT

Sprague CEROC 200, an inorganic ceramic class “C”
wire insulation, paves the way for important engineer-
ing advancements wherever coils or other windings
can utilize its ability to operate continuously at 200° C.
dts advantages are such that it warrants careful investi-
gation in‘connection with a wide variety of equipment,

SMALLER COILS FOR LARGER JOBS!

Wire insulated with CEROC 200 permits a substantial
volt-ampere rating increase without a corresponding
increase in space. As a result, midget-size coils can be
wound to do man-size jobs.

IT'S FLEXIBLE!

Despite its ceramic nature, CEROC 200 is sufficiently
flexible to permit wire insulated with it to be wound on
conventional equipment with little or no change in
most cases. It can safely withstand 16% elongation
by bending.

HIGH-TEMPERATURE ADVANTAGES

Applied to copper, nickel or other types of wire,
CEROC 200 permits continuous operation at 200° C.
Wound in coils, the thermal conductivity of Ceroc-
insulated wire is high. This assures much of the volt-

ampere gain to be expected from high-temperature
operation.

EXCEPTIONALLY HIGH SPACE FACTOR

Typical percentages of wire area to total cross-secs
tional area -of insulated wire are 96% for CEROC, as
against 59% to 69% for conventional insulations
suitable”for high- temperature applications. CEROC is
WRITE FOR _— only about % mil thick and is uniform throughout the

length of the wire.
CEROC BULLETIN
505A SPRAGUE ELECTRIC CO., North Adams, Mass.

spnncuemzm

PIONEERED BY THE MAKERS QOF SPRAGUE CAPACITORS AND *KOOLOHM RESISTORS

*Trademarks Registercd U. S. Par. Off.
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MIKING TUBES /S EASY.

Making a radio tube stem is apparently easy. By gas flames, one merely seals
stem wires and exhaust tube into a glass flare. High-speed production, however,
raises problems of know-how. Expert adjustment of temperatures and timing is
vital. To give you trouble-free performance, there must be absence of glass mal-
formation, strains, cracks—air-tight wire seals—strict adherence to dimensions.

Two girls produce daily 5600 35Z5GT stems on the illustrated stem-maker—
essentially a rotating steel turret with 25 automatically indexing heads. Working
as a team, they insert into a jig the 6 stem lead wires, and drop over them the glass
flare. Each stem wire is fabricated of butt-welded nickel (for support), dumet (for
glass seal), and copper (for connection). The exhaust tube is automatically in-
serted. Gas flames gradually melt and form the flare at 13 consecutive positions—
at 2 positions, jaws press and seal stemn wires into the flare.

Compressed air blows clear the exhaust tube inlet. The stem is lifted automati-
cally into the rotating annealer. Strains vanish as distorted glass molecules resume
normal positions. The annealed stem rolls onto the inspector’s table. A stem
former cuts, shapes, and nicks its wires to support the 35Z5GT’s internal elements.

As you watch these intricate operations, you are impressed by controlled
quality at high speed. Again you realize the know-how built into millions of
Hytron tubes pouring out to you. J

B
FORMED

UNF ED STEM H‘

SPECIALISTS IN RADIO RECEIVING TUBES SINCE 1921

MAIN OFFICE: SALEM, MASSACHUSETTS
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RAYTHEON

Announces a New High-Gm Miniature Pentode

Announcement of Raytheon type 6AH6 makes available a
miniature cathode-type high-Gm pentode specifically designed
for application in wide-band amplifiers. The availability of
this tube makes possible space and weight reduction of tele-
vision cameras, television receivers, radar amplifiers, and
other multi-tube equipment.

The excellence of Raytheon design for type 6AH6 contributes
several desirable performance features, including a plate
family characterized by a sharp “knee” at very low plate
voltages. Thus increased voltage output and reduced distor-
tion are obtained compared 10 other tubes of equal transcon-
ductance. The low input and output capacitances also allow
greater stage gain for a given band-width, and greater band-

width for a given slage gain.

DESCRIPTIVE DATA
TYPE 6AH6
BULB: GLASS T-5'%);
CHARACTERISTICS

Heater Voltage . . . . . .. v oo 63volts
Heater Current . . . . . .. ... . 0.45 amp
Plate Voltage . .. ... e e« .. 300volts
Grid No, 2 Yoltage . . ... ... 150volts
Cathode Resistor . . . . .. .... 160ohms
Plate Current . . . . . ....... 10ma
Grid No, 2 Current . . . ..... 25ma
Plate Resistance . ......... 0.5 megohm
Transconductance . . ... ... . 9000 umhos
Grid No. 1 Bias for

10 va plate current . . .. ... —7 volts

TYPE 6AH6

BASE: MINIATURE BUTTON 7-PIN
CAPACITANCES (uuf)
WITHOUT

Grid No. 1 SHIELD SHIELDED
to Plate . . .. ... 0.030 max. 0.020 max.

Inpot ... ....... 103 10.5

Output . . ....... 2.0 4.0

(im-00(

Type 6AH6

Excellence cn Elecliondes
RAYTHEON MANUFACTURING COMPANY
RADIO RECEIVING TUBE DIVISION

Newton, Mass. *+ Chicaga ® Llos Angeles

©1946
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miniaturized RELAYS
with Steatite Insulation

Originauy de

equipment, these e
give completely dep('ar. g
under extreme conditio

idity and temperaturc:

f pibrations

hum

The Steatite insulation and gen-
eral construction of these relays
makes them inherently suitable for
switching circuits requiring perma-
nently low leakage, for switching
certain high frequency circuits, and
for any application where a com-
pact, light weight, yet sturdy relay
is required. Particular attention has
been paid to design of relays that
will not “chatter” under vibration
even in the un-energized position.

Proceedings of the IL.R.E. and Waves and Electrons

The antenna changeover relay
shown is of unique design and pro-
vides the wide contact spacing and
positive action necessary for this
special purpose, for a weight of
only 0.2 1b.

The other small relays are pro-
vided in the contact combinations
illustrated at right, with maximum
overall dimensions of 114" x 11/16”
x 114” and a maximum weight of
0.07 1b.

For price and delivery information, write

AIRCRAFT RADIO CORPORATION

708 MAIN STREET BOONTON, NEW JERSEY

December, 1946
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gty {for use
@ Aerovox silvered-mica capacitors are de-
signed for the most critical applications
requiring precise capacitance values and
extreme stability. Although otherwise simi-
lar in external construction and dimensions

with respect o time, temperature and hu-
midity. Units are heat-treated and wax-
impregnated externally for ultimate protec-
tion against moisture penetration.

Ideal for use in circuits where capaci-

to the smaller molded bakelite units, they tance must remain constant under all oper-
are encased in molded XM low-loss red bakelite for aling conditions. These capacitors are specifically de-
immediate silvered-mica identification. signed for use in push-button tuning, oscillator pad-

A silver coating is applied to the mica and fired at ding circuits, fixed tuned circuits, and as capacitance
elevated temperatures. This insures not only a posi- standards, etc., where accuracy and stability are prime
tive bond but permanent stability of the capacitance considerations.

©® Write for literature...

Average positive temperature Available in three types, 1000 minus 5%. Also available capacitances, plus/minus 1%
coefficient of only .003% per v.D.C.test: Type 1469,.000005 with tolerances of plus/minus or plus/minus 1 mmf{., which-
degree C.—a remarkably low to .0005 mid.: Type 1479 (il- 3%, 2% and 1%. ever is greater,

value. lustrated), .0001 to .001 mid.; Minimum tolerance for capac- . . .
Excellent retrace characteris- Type 1464, .00075 1o .0025 ltances up o and including

tics; practically no capaci- mid.. and .001 m{d. in 600 v. 10 mmi. (.00001 mfd.) plus/

fance drift with time; excep- D.C. test. minus %2 mmi. Minimum tol-

tionally high Q. Standard tolerance plus erance available for all other

3 ¥ FOR RADIO-ELECTRONIC AND
ERQVOX

ERVYVVY INDUSTRIAL APPLICATIONS
"AEROVOX CORPORATION, NEW BEDFORD, MASS., U.S.A. 7
SALES DFFICES IN ALL PRIHCIPAL CITIES o Export: 13 E. 40th Sv., NEw Yorx 16, N. Y. /’

[. Cabte: “ARLAB’ o In canada: AEROVOX c,',“_,f‘“, I:Tn.. HAul!.r“obu._o‘uhrf.‘/'
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DU MONT
P iy,

HEADQUARTERS »
INDUSTRIAL k
/ %

- TELEVISION
RESEARCH
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If it's a cathode-ray tube, DU MONT has it!




YOU'VE EVEF
GETTI

Ask us to make your
springs for you. Find out for
yourself that we're pleasant
people to do business with . ..
that we make your springs exactly
the way you want them...and that—here
at Accurate — you receive intelligent coop-

eration, quality workmanship and on-time deliveries.

If you need engineering help, you'll discover that our
engineers can quickly help you determine the right

spring for your job. Perhaps our engineers can improve
your product’s performance through proper spring appli-
cation. You can’t lose.

ACCURATE SPRING MANUFACTURING (O.

3835 West Lake Street ¢ Chicago 24, lllinois

Wire Forms « Stampings
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If you design or build electronic equipment no.

smaller than a handy-talkie, no larger than a
50 KW transmitter there are JOHNSON compo-
nents "your size.” Many of the small parts above
find application in circuits operating at battery
voltages. The miniature socket for instance is a
modification of a predecessor that floated down
over Europe in a handy-talkie with the para-
troopers. They're catalog items with the excep-
tion of the terminal boards which typify JOHNSON
ability to manufacture special assemblies quickly,
easily and economically. The miniature condens-
2r is an inch and half overall, has .015” spacing,

HJotinson Products Tuclude

Condensers ® R. F. Chokes ® Connectars © Pilot and Diol Lights
Directlonal Antenna Equipment ® Inductors © Q Antennas @ Plugs & Jacks

Braadcast Components ® Tube Sockets o Insulators ® Hardware

F. J OH NS ON cC Oo.,

26A

12 mmf. maximum and 3 mmf. minimum capac-
ity. On the large side of the condenser family
are the pressurized nitrogen-dielectric condensers
oftering RMS voltage ratings to 30,000 V capaci-
ties to 10,000 mmf., and highest capacity to
mounting space ratios, Similar comparisons might
be made with the other JOHNSON components.

Between the large and small above there’s a big
JOHNSON line from which to choose. Check the
list below for parts you need. You'll find them
carefully designed, skillfully manufactured. For
more information write department W today.

JOHNSON

a éamoui name in Radio

COMPONENTS

W A S EC A, M I NNESOTA
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® Seal up a stream of electrons in a
vacuum tube. ..and you have a space-
defying genie that vitalizes industry
...and can save countless lives'

m As far back as 1930 the Sperry
Gyroscope Company put electronics
to work . .
control for the Sperry Gyro-Compass.

. introducing electronic

® From then on electronics was em-
ployed whenever it could extend the
usefulness and performance of Sperry
products—as in automatic pilots, gun
fire contrel devices, navigation instru-
nients, both aeronautical and marine.
And in 1939, came the Klystron,
*heart-beat” of Radar.

Pvoceedings of the I.R.E. and Waves and Electrons

® In war, Radar tracked out enemy
plane, sub and ship positions, saving
numberless lives by advance warning
of hostile attack. And today, in peace,
Radar brings new safety to mankind...
plotting aerial and marine operations
with pin-point accuracy, through pea-
soup weather and over vast distances.

‘f\

EXECUTIVE OFFICES: GREAT NECK, NEW YORK
SEATTLE

LOS ANGELES « SAN FRANCISCO

® Sperry pioneered in helping develop
these and many other services for man-
kind. But “pioneering” isn’t enough.
And that’s why Sperry research and

practical applications of electronics
go endlessly on . ..in that search
for something better which we call
product improvement.

&> Sperry Gyroscope Company, Inc.

« OIVISION OF THE SPERRY CORPORATION
NEW ORLEANS « CLEYELAND <« NONOLULUY

Rircraft: Gyropilots » Gyrosyn Compasses o Attitude Gyros « Directional Gyros ¢ Gyro-Horizons e Detonation
Indicators e Automatic Radio Direction Finders « Instrument L anding Systems ¢ Traffic Control Systems » Marine: Gyro
Compasses » Gyro-Pilots « Gyro-Magnetic Compasses « Incandescent Searchlights « Steering Systems ¢ Radar « Loran
industrial: Railroad Radioe Microwave Relayse Microline Test Equipmente Klystron Tubese Strobodynes Knockometer
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The resistor el t is molded as a single

unit, with insulation, terminals, face plate,
and threaded bushing. There are no rivets,
welded or soldered connections.

During manufacture, the resistance may be
varied over its length fo provide any resist-
ance-rotation curve. After molding, heat, cold,
moisture, or hard uvse cannot affect it

28a

The Bradleyometer Resistor

is solid-molded and thick
«+« NOt just sprayed film

The heart of an adjustable composition rheostat
or potentiometer... like the Type J Bradleyometer
.. .is the resistor element. If it is a fragile, sprayed
film, it cannot hold up satisfactorily under frequent
operation, rapid climatic changes, or overload.
But if it is a thick, solid-molded ring . . . as in the
Type J Bradleyometer ... it has long, trouble-free
life built into it. And its 2-watt rating has a big
safety factor, too.

Type J Bradleyometers can be fumished in
single, dual, or triple unit construction. Built-in
switch is optional. Let us send you specifications.

Allen-Bradley Company, 114 W. Greenfield Ave.,
Milwauvkee 4, Wis.

AB

e LU
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ALLEK-BRADLEY

FIXED & ADJUSTABLE RAD RESISTORS
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A 300-VOLT
I-LB. BATTERY!

p

Designed for: photoflash devices (ga;(ils-t
: ioactivity measure
charge type); radioac o
ices; iplier-type photocelis; 1
devices multlpher. ;
lightwei’ght insulation testers; an.d n_\an:
other low-drain, high-voltage applications.

Again “Eveready” demonstrates its leadership in dry bat-
teries by creating a powerhouse of 300 volts no larger than
two king-size cigarette packs! This miniature high-voltage
dry battery is unique. It makes “portable” photoflash and
similar devices really portable. It opens up untapped possi-
bilities for designing more compact, more salable equipment
for all low-drain high-voltage applications.

Secret of this new battery is the famous flat-cell construction
found exclusively in “Eveready” “Mini-Max” batteries...a
revolutionary “Eveready” battery development that packs
unheard-of power into small space. And this special construc-
tion means far longer life for the battery.

eVEREADY

TRADE-MARKS
MINI-MAX

The registered trade-marks *° Eveready’* ‘‘Mini- Max'’
distinguish products of National Carbon Company, Inc.

Decembey, 1946

EVEREADY

[
/A d
\

SPECIFICATIONS

Size: L—2 11/16”, W—2 11/32”, H
(overall)—3 15/16*. Weight: 1 Ib.
Voltage: 300. Flush mounted pin
jack terminals. Batteries can be used
in series for even higher voltages.

FOR COMPLETE DETAILS
of this new “Eveready” triumph,
write for Battery Engineering
Bulletin No. 4. Engineers at
National Carbon Company, Inc.,
will be glad to assist you in the
design of devices to take advan-
tage of the light weight and com-
pactness of this powerful battery.

NATIONAL CARBON COMPANY, INC.
30 EAST 42nd STREET, NEW YORK 17, N. Y.

Unit of Union Carbide and Carbon Corporation

LCC
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MODERN!

THE K-TRAN is very small.

THE K-TRAN equals the performance of

old style I.F. Transformers many times its size.

THE K-TRAN is standard. At 455 KC or
265 KC, four types meet practically every need,

eliminating the need for many different numbers.

-
UIOWVATIC

 MANUFACTURING

MASS PROBUCTION COILS & MICA TRIMMER CONDENSERS

900 PASSAIC AVE o ——m——m—— EAST NEWARK, N. J.
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tele hsihn and FM freqwa\ncus hey have
been among the pace-setters in achieving the
higher standards of mechanical efficiency
and electrical correctness upon which prog-
ress in these fields depends.

Teamed with top-flight production facilities,
Amphenol research has continuously devel-
oped new products to keep the Amphenol
line of cables, plugs, connectors, fittings
sockets, antennas and plastic components the
most complete available from any one source
in the world today.

Wherever you find electrons at work, you'll
find Amphenol components recognized as the
standard of performance.

AMERICAN PHENOLIC CORPORATION, CHICAGO 50, ILLINOIS

In Canada + Amphenol Limited « Toronto

COAXIAL CABLES AND CONNECTORS + INGUSTRIAL COMNECTORS, FITTINGS AND CONDUIT - ANTENNAS « RF COMPONENTS « PLASTICS FOR ELECTRONICS
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NEWS and NEW PRODUCTS

December, 1946

Pylon FM Antenna

A new cylindrical FM antenna, revolu-
tionary in its simplicity of design and prin-
cipal, providing higher gain height for
height than any
previous antennas,
has been developed
and placed in pro-
duction by the
RCA Engineering
Products Depart-
ment, Radio Cor-
poration of Amer-
ica, Camden, N. J.

Known as the
“Pylon” antenna,
this new FM radia-
tor is a single-ele-

ment, mechani-
cally-rigid, self-sup-
porting structure.

Unlike all previous
types of FM an-
tenna, this new an-
tenna requires no
additional means of
support or mount-
ing, nor are there
any arms, loops or
circular elements
required with their
attendant mount-
ing and connection
problems.

Because of this,
it was pointed out,
erection of the Py-
lon is extremely
simple. All that is
necessary is merely
to bolt the bottom
flange of the cylin-
der to the building,
tower or other supporting structure which
provides the necessary elevation and where
high gain is needed for an FM station, ad-
ditional sections can be stacked on top of
each other by merely bolting together.

Multi-Wire Connectors

Two new multi-wire connectors have
been recently announced by Alden Prod-
ucts Company, 117 North Main Street,
Brockton, Mass.,, and The Winchester
Company, 6 East 46 Street, New York 17,
N. Y. Both units are weather-proof.

The Alden unit is a locking-ring type
providing cable strain relief by means of
a special metal shell.

} The Monoblock unit of the Winchester
Company is particularly adapted to lim-
ited space applications in two sizes of 12
and 18 contacts.
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(Continued from page 144)

These manufacturers have invited PRO-
CEEDINGS readers to write for literature
and further technical information. Please
mention your L.R.E. affiliation.

Electronic Voltmeter

Instrument Electronics, 253-21 North-
ern Blvd., Little Neck, L.I.,, N.Y,, an-
nounce their new Model 45 Electronic
Voltmeter. The meter has a range of from
.0005 to 500 volts at frequencies from seven
cps to 1.6 Mc.

This meter is suitable for all voltage
measurements in the vibration, audio,
supersonic and broadcast frequencies
bands, the manufacturer states. Line volt-
age variations from 105 to 125 voltages
will vary the readings on the logarithmic
scale by less than 1%, at all frequencies
within the specified range.

G. E. Transmitting Tube

A new transmitting tube, triode type
GL-9C24 has been announced by the Tube
Division, General Electric Company, Syra-
cuse, N. Y. Designed particularly for ap-
plication in a grounded-grid circuit as a
class B radio-frequency amplifier and a
class C r-f amplifier and oscillator, the tube
may be used in television and FM opera-
tion at the higher frequencies.

The anode is water-cooled and capable
of dissipating five kilowatts. Actual 220-
megacycle tests under broad-band and syn-
chronizing peak condition show a useful
power output of 3.4 kilowatts at a DC
plate voltage of 4000 volts.

Proceedings of the 1.R.E. and Waves and Electrons

Heat Dissipating Connectors

Eitel-McCullough, Inc., of San Bruno,
Calif., announces that their HR Heat Dis-
sipating Connectors are now available.
These connectors are used to make elec-

$\
<

&

<«
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trical connections to the plate and grid
terminals of vacuum tubes, and, at the
same time, provide efficient heat transfer
from the tube element and glass seal to the
air. The HR Connectors aid materially in
keeping seal temperatures at a safe value,
and are machined from solid dural rod.

Low Frequency “Q”
Indicator

A completely self-contained “Q” indica-
tor for use in the 50 to 50,000-cycle range
incorporating a precision tuning condenser
and a high stability vacuum tube type
voltmeter of special design has been an-
nounced by Freed Transformer Company,
Inc., 72 Spring Streeto, New Yrk, N. Y.

This new unit, No. 1030, will directly
measure circuit “Q” with an accuracy of
approximately 6% for its designed fre-
quency range. A balanced voltmeter cir-
cuit assures stability of “Q” measurements
and keeps to a minimum fluctuations
caused by line voltage variations.

(Continued on page 48A)
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TS NEW !

ANOTHER COMPLETE
AIRCRAFT RADIO SYSTEM

s  ,_} - by RCA ---

LA on

- ope?
3%
agchviR & e

AVR-22 AIRCRAFT RECEIVER

le=s than half ATR size! Weighs only 21 lbs. complete. De-
signed to operate with Model AVA-6% Loj: antenna for aural
direction finding.

AVT-49 AIRCRAFT TRANSMIITTER
High-power output, per pound, per chasnel. Four pre-set
frequencies. Weighs only 42 Ibs. install>c. Full 50-watt output.

il Lal

AVR-21 AUTOMATIC DIRECTION FINDER
On:=-half the size, two-thirds the weight of similir equipment.
Yeu can have dual ADF operation fo~ aeirly the weight and
size of existing single iustallations.

T

AVT-49

Here it is! A complete radio communication
and navigation system for use on scheduled
or non-scheduled aircraft—from executive
aircralt to transoceanic freighters.

RCA has designed and developed this new
radio equipment to combine lightweight,
s aller sizes, attractive styling, with high-
power output, wide-range operation and low
maintenance cost. This entire new family
of RCA Aviation Equipment meets cvery
requirement for CAA Type Certification.

Sach unit of the equipment is engineered,
stvled, and manufactured as part of a com-
plete, integrated aircraft radio system. Basic
units, however, are self-contained and may be
installed separately for independent operation,

Get all the details from yonr local RCA
Distributor or write: Aviation Section,

RCA, Camden, N. J.

AVIATION SECTI/ION

RADIO CORPORATION of AMERICA

ENGINEERING PRODUCTS DEPARTMENT, CAMDEN,N.J.

In Canada: RCA VICTOR Company Limited, Mcntreal
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PREFERRED TYPE

POWER TUBES

cY TABLE

Type No. Class Maximum Input Power (Watts) CCS Unmodulated Class C Ratings at:
1.6 Mc.| 7.5 Mc. | 15 Mc. | 25 Mc. | 50 Mc.| 75 Mc. | 110 Mc.[150 Mc.|200 me.|250 Mc!300 Me. 600 Mc.
9C21 Triode 150000 | 150000 | 150000 | 105000
9C22 Triode 100000 21000 80000 70000
9C25 Triode 40000 40000 40000 40000 | 25000 | 25000 | 25000
9C27 Triode 40000 40000 40000 40000 | 25000 | 25000 | 25000
892 Triode 30000 22500 17000
892R Triode 18000 13500 10500
889-A Triode 16000 16000 16000 16000 | 16000 | 14000 | 11000 8000
889R-A Triode 16000 16000 16000 16000 | 13500 | 10000
8D21* Tetrode 10000 10000 10000 10000 | 10000 | 10000 | 10000 | 10000 |10000 10000 |10000
C24 Triode 5000 5000 5000 5000 5000 5000 5000
3-A Triode 1800 1800 1800 1750 , 1500 1200
6C24 Triode 1500 1500 1500 1500 1500 1500 1500 1500 —
41250/4021 | Tetrode 500 500 500 500 500 500 500 500 425 335
8000 Triode 500 500 500 500 400 300 - -
813 Beam Power 360 360 360 360 300
8005 Triode 240 240 240 240 195 o
828 Pentode 200 200 200 200 160 130
811 Triode 155 155 155 155 155 125
812 Triode 155 155 155 155 155 125
826 Triode 125 125 125 125 125 125 125 125 125 125 100 Seo—
829-8* Beom Power 120 120 120 120 120 120 120 120 120 | 105 | F—
8025-A Triode 75 75 75 75 75 75 75 75 75 75 75 75
815* Beam Power 60 60 60 60 60 60 60 55 40
807 Beam Power 60 60 60 60 60 50 40
2E241 Beam Power 40 40 40 40 40 40 40 33
832-A* |Begm Power 36 36 36 36 36 36 36 36 36 32
2E26 Beam Power 30 30 30 30 30 30 30 25
802 Pentode 25 25 25 25 20 16

*Twin type —input values per tube for push-pull operation.
{Recommended only for highly intermittent applications. Input values are ICAS ratings.

The accompanying table of ratings
vs. operating frequency provides the
design engineer with a simple and
rapid means of choosing the most
suitable RCA tubes to meet the
power and frequency requirements
of equipment in the design stages.

Technical Literature
Detailed data on all the types listed

are provided in the RCA HB-3
TUBE HANDBOOK. Technical
bulletins covering tube types in
which you are interested will be
sent on request.

Application Engineering Service

RCA tube application engineers
will be pleased to cooperate with
you in adapting these or any other

TUBE DEPARTMENT

RCA tube types to your equipment
designs. Just write RCA, Commer-
cial Engineering, Section D-18L,
Harrison, N.J.

<=

RCA Laboratories, Princeton, N. J.
THE FOUNTAINHEAD OF
MODERN TUBE DEVELOPMENT IS RCA

24 RADIO CORPORATION of AMERICA

\ =

MHARRISON. N. J.
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Bikini Observations and T Significance’

HARADEN PRATT?, FELLOW LR.E., AND ARTHUR VAN DYCK}], FELLOW LR.E.

On rare occasions, events of transcendent importance are
described in a paper of corresponding significance. The fol-
lowing presentation, prepared by two Past-Presidents of
The Institute of Radio Engineers who were official United
States scientific observers of Operation Crossroads, is a
contribution of this unusual sort. It is most earnestly com-
mended to the thoughtful attention of the readers of the -
ProceepinNGs OF THE L.R.E. and for such comments and
actions by them as may further the aims which it outlines,

In view of the special circumstances surrounding this
paper, The Institute of Radio Engineers grants permission
to all publications in any language to reprint this paper in
part or in its entirety, accompanied only by a simple acknowl-
edgement of its source.—The Editor.

T HE OBSERVERS of Operation Crossroads were

accommodated on ships of the general communi-

cations type. Designed to carry large military,
naval, and air staffs in amphibious operations, they pro-
vided ideal quarters for this purpose. The observers were
of several kinds: scientific men from the United States
and the United Nations, United States congressional
representatives, officers of the United States War and
Navy Departments, and representatives of the press.
In spite of the size and complexity of Operation Cross-
roads, it was executed in most efficient fashion through-
out, and the excellent handling of observers was but one
example of the general effectiveness of the organization,
which was under the able command of Vice Admiral
Blandy.

The U.S.S. Panamint, to which we were assigned,
arrived at Bikini lagoon on the morning of June 29 and
immediately steamed to-an achorage a short distance
from Bikini Island by moving very slowly through the
entire target array of some 72 ships. The sight was im-
pressive in all respects. A mighty fleet was anchored row
upon row on the azure waters of an immense tropical
lagoon fringed with palm tree islands, waiting for the
awesome test scheduled only two days away. Battle-
ships, cruisers, carriers, destroyers, submarines, trans-
ports, and ships of other smaller types—even to a con-
crete drydock—were variously grouped around the
target’s bull’s-eye to which the eye of the observer con-
tinually reverted, namely, the majestic battleship
Nevada, conspicuous in bright orange paint and white
turret tops and guns, the better to guide the bombardier
on the fateful day.

* Decimal classification: 623.452.9. Original manuscript received
by the Institute, November 11, 1946.

Paper presented in New York City, November 6, 1946, at a joint
meeting of The Institute of Radio Engineers, The American Insti-
tute of Electrical Engineers, and The io Club of America.

t Mackay Radio and Telegraph Company, New York, N. Y.
$ Radio Corporation of America, New York, N. Y.

It was obvious that these ships had been prepared for
this special event since they were disposed in a pattern
intended to reveal maximum information on damage at
all distances. Their decks were fitted with all kinds of
equipment and materials of war to be subjected to the
explosion. Each ship had graduated scales painted on
bow and stern so that settlement could be noted from
time to time through observation from aircraft. Even
the islands bore evidence of the vast preparation that
preceded our visit, as several steel towers to accom-
modate cameras and other instruments were easily
visible.

That afternoon we visited the Nevada, the Japanese
battleship Nagato, and the carrier Independence, where
we saw the large number of test specimens mounted on
their decks. These included samples of clothing, food,
armor plate, airport fuel trucks, medical supplies, air-
planes, and hundreds of other items of military weapons
and supplies. The Nagato, commissioned about 1921,
was of particular interest with her war wounds of the
two direct hits from aerial bombs, including the skip
bomb that went right through the ship via Admiral
Yamamoto's quarters.

Long studies of Bikini July weather indicated that
perhaps as many as twenty days could elapse before a
suitable one for the drop would arrive. Besides adequate
visibility it was required that the wind blow in the same
direction from sea level to 20,000 feet, so that radio-
active products of the atomic fission would move away
from all observers and not endanger them in the event
of rain. However, on June 30 such weather was pre-
dicted for July 1, and the fleet of some 140 attending
vessels steamed out of the lagoon, maneuvering during
the night to be at their assigned locations for the big
event at 8:30 the next morning.

We on the Panamint saw the blast from the bridge
deck through very dark special goggles at a point about
twenty miles from the Nevada. Not being able at this
distance to see any of the target fleet, many of us were
not looking directly at the correct spot and so missed
the initial point of flash. By the time eyes had moved
over, the burst had already become a_disk somewhat
larger than the sun and considerably brighter, a conclu-
sion made possible by being able to glance at the sun
several times before the ship's public-address system
announced ‘‘bomb away.”

The disk of intense light was immediately blotted out
by the instantaneously formed luminous dome or hemis-
phere of incandescent gases which rested on the
water, covering much of the target area. Quick loss of
luminosity occurred, and with bare eyes we viewed the

.
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majestic column of atomic cloud with its mushroom top
rise and shoot several thousand feet skyward in a matter
of seconds. We estimated that this structure rose to a
total of some 38,000 feet, displaying from the start in-
teresting shades of pinkish colors against a fleecy white.
The yellowish aspect of previous atomic explosions,

ascribed to dirt and debris, was, of course, absent at

Bikini.

By eleven that morning, we had moved up to the
reef and examined the target fleet through binoculars
while seeing at the same time yellow-colored drone
boats darting about picking up water samples to test
for radioactivity. These boats were remotely controlled
from a distant destroyer with air units observing and
directing. Test results were favorable for certain parts
of the lagoon and our ships took anchorage there soon
after lunch. Here we were able to survey the fleet clearly
and note the many wrecked superstructures. The out-
standing spectacles were the Japanese cruiser Sakawa
with a list, down at the stern, and a completely wrecked
top, and the carrier Independence with bad fires which
culminated toward evening in spectacular explosions
leaving the ship a shambles. The Sakawa turned turtle
and sank the next morning.

Interesting and spectacular as all these events were,
the full realization of the enormous significance of what
had taken place unfolded rather slowly during succeed-
ing days as we visited and examined ship after ship.
Lessened radioactivity enabled ships to be boarded 48
hours after the burst. Within a 3/4-mile radius, exposed
wood was scorched black, crates and boxes were burned,
and the Nevada's after deck, hit by the blast at an angle
of about 25 degrees, was crushed down and blackened.
Her funnels were pushed into her superstructure and the
airplane crane on her stern bent double. It should be
explained that, after striking bull's-eyes on many
practice runs, the bombing plane had the hard luck,
on the real drop, of missing the Nevada by some
hundreds of feet, a sore disappointment to the Army Air
Forces.

Conditions were the same on the Arkansas, and worse
on the Pensacola which was within a half-mile radius.
All these vessels’ decks and superstructures were a mass
of wreckage, with bent bulkheads, twisted railings,
smashed doors, stacks down, antenna gear deformed or
broken—not to speak of peeling paint from the heat
wave and the damaged or burned-out specimens placed
on their decks. The blast wave even penetrated below,
wrecking furnishings and doing other damage in spots
here and there. Many vital items were seriously dam-
aged, such as bulkhead-mounted motor-control cabi-
nets, the switches and other parts of which were broken
loose and completely inoperative. Broken castings in
quantity taught that naval ships of the future must
avoid the use of metal fabricated in brittle forms.

It was unfortunate that our public was misled during
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the weeks preceding the tests by statements appearing
in the press forecasting dire results and the possible un-
leashing of forces of nature such as earthquakes, tidal
waves, and volcanic eruptions. It must be remembered
that the effects of explosions diminish very rapidly with
distance, and while the atomic holocaust sank and
wrecked vessels up to one-half mile, damage to ships
beyond one mile was relatively light. Heat, blast, and
wave action at Bikini Island three miles away left
almost no visible traces. Even direct blast and heat
damage from huge volcanic explosions such as Kraka-
toa and Katmai extended over only small areas. Cer-
tain excited spectators, therefore, had no logical basis
for reporting disappointment because Bikini trees
were not uprooted or because the blast at twenty miles
did not blow them off their feet.

It must be remembered that, while five ships were
sunk in the air test and about nine sunk plus two
beached in the underwater test, conclusions as to the
power of atomic bombs should not be based on the
number of ships sunk. Obviously, if the whole fleet had
been closely bunched most would have been sunk,

“ whereas if widely dispersed not more than one such

casualty would have occurred.

However, all these arresting phenomena, significant
in their seriousness as they are, répresent only the effect
of heat and explosive action arising from the concentra-
tion of stupendous power at a single point. The effects of
radioactive radiations, primarily neutrons and gamma
rays, constitute the new feature which justifies the
appellation of “Poison Bomb” as conveying the real
meaning of this colossal development. Even though
radiation diminished so fast after the first test as to
enable ships to be safely visited a few hours later, it is
doubtful whether more than a few could have survived
aboard had the ships been manned when the bomb was
dropped, even though the bulk of the crews might have
lived long enough to render ships operative and resist
postexplosion attack.

Any doubts as to the sweeping nature of the poison
effect which may have existed were removed after the
second atom bomb was exploded below the surface of
Bikini lagoon. Millions of tons of sea water hurled sky-
ward over one mile in a column almost one-half mile in
diameter, and was heavily contaminated with .the
fission products estimated as equivalent to hundreds of
tons of radium. In the first test these products distrib-
uted in the atmosphere and were dispersed by the wirds.
This death-laden water in the second test fell directly
on all ships in the lagoon and engulfed some in waves
70 to 100 feet high. This resulted in radioactive products
being washed down ventilators, pipes, funnels, and
scuppers, in saturation of all topside hamper, and in
penetration to hidden places such as circulating sys-
tems, pumps, and evaporators.

Even ships not in the target fleet became dangerously




932 Proceedings of the I.R.E. and Waves and Electrons

contaminated by entering affected lagoon areas after-
wards. Many of the surviving vessels are still uninhabit-
able and others present vexatious problems of recondi-
tioning because of gamma rays coming from materials
lodged in the scale and incrustations inside sea-water
piping.

Much has been said as to whether the tests were
necessary and their cost justified, even though the cost
was less than the value of a single modern battleship.
Our considered opinion is that the tests were indis-
pensable. Aside from arguments that scientists might
fairly well predict results, and apart from the tremen-
dous value of the precise technical information acquired,
the mere holding of the operation under controlled con-
ditions with many observers from all walks of life was
of incalculable value to all mankind because the impact

of the atom bomb reaches human beings everywhere.

And there is no substitute for actual results indis-
putably to drive home the facts.

The significance of the Bikini tests is clear and power-
ful. Nevertheless, it has been the universal experience
of the United States observers, on returning from
Bikini, that people with whom they have discussed the
matter have been uncertain as to the significance of the
tests and of the atom bomb generally. We have even
found many people who are unwilling to talk or think
about the subject, saying that it is just too horrible to
contemplate. We would like to convince such people,
and all people, that the atom bomb not only is horrible,
but that it is so terrible that something must be done
about it. That something is not to hide our heads in the
sand—it is that we must insure ourselves against its use.
And that means we must somehow prevent all war in
the future.

The facts are very clear, and the best presentation
may be merely to list them in simple language.

An atom bomb of the present type, exploding in the
air, destroys everything within about one-quarter mile,
does very heavy damage to one-half mile, and heavy
damage to one mile. Beyond one mile, the degree of
damage depends upon the charactér of structures.
Windows and light structures will be shattered at
several miles.

An atom bomb of the present type kills practically all
the human beings within one-quarter mile, a very high
percentage of those within one-half mile, and a great
many of those within one mile or more.

The present-type bomb, bursting in the air over New
York City, would blow out every window within one
or two miles and would knock off most of the roof struc-
tures and brick and stone facings of buildings, particu-
larly skyscrapers. Casualties from glass and falling
debris would be high. Fires from short circuits, broken
gas mains, and other causes would be numbered in
hundreds.

The present-type bomb, bursting under the water in
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New York City, would destroy subways, and would
render uninhabitable for months an area of at least
ten square miles. Each seaport city of the country would
be similarly exposed.

The atom bomb is not the only new weapon of vastly
increased destructiveness. The guided missile, like the
German V-1 and V-2, is another.

The power and destructiveness of weapons has been
increasing rapidly for the last 100 years. World War I
saw the first wide use of high explosives.

World War II achieved vast destruction. Most people
of the United States do not realize this. The people of
London, Coventry, Rotterdam, Warsaw, Stalingrad,
Berlin, Tokio, and Pearl Harbor do realize it.

World War 11 dislocated civilization, and might have
almost completely wrecked it through destruction of so
much of the economic structure of the world. Perhaps
it actually has, because we do not yet see a definite path
to peacetime normalcy, particularly in Europe and Asia.

A third World War will be vastly more destructive of
both economic structures and of human beings. Since
World War II was almost enough to destroy civilization,
a vastly worse War I1I is certain to do so.

There is no defense against the atom bomb or against
the guided missile, or, of course, against a combination
of the two. Defense has never been perfect against any
weapon. Against the atom bomb, unless the defense is
perfect, it is no defense. Not one German V-2 missile
was shot down of the many that approached London. If
two or three of them had had atom bombs in them,
London would have become an empty shell.

We have now reached that advanced state of civiliza-
tion wherein we have made it possible for a few un-
controlled members of our society to destroy or to
subjugate the rest of us, before we can do anything
about it. The fact is that material development has
reached a dangerously high level. We have been settling
arguments by force from the beginning of man on earth,
but usually the side of moral right has been able to
marshal enough might to prevail sooner or later.

Now we have a new situation, and there is no protec-
tion left in material things. Forts and trenches have
failed, the Maginot Line failed, the English Channel
failed, the oceans have failed. New weapons pierce even
the stratosphere. )

All this has been said before. Indeed, it has been said
so many times that the thought has become familiar and
has lost its true meaning to many people. This com-
placency is dangerous. These facts mean that a revolu-
tion in human affairs has occurred. Hereafter civiliza-
tion must struggle not to advance, but actually to sur-
vive. These are not mere words, they are elementary
truths. All this should be obvious to everyone, and par-
ticularly to those men charged with the responsi-
bility of government. There was a time, shortly after
Hiroshima and Nagasaki, when leaders were alarmed,
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and earnestly and humbly sought for the right answer.
But they quickly recovered from that lapse from diplo-
matic protocol, and today we see national and inter-
national leaders operating in the old-fashioned way,
ignoring the new facts of life.
1 It is necessary now to avoid not only war, but the
threat of war and the necessity of preparations for de-
fense in war. Even these latter, without war itself, would
largely destroy our free civilization because of the con-
tinuous state of a “war of nerves” existence, and the
vast changes required in our economic life. Even a
moderate degree of preparation for an atomic war
would require huge changes in the American way of life.
In past centuries, despots have often declared sudden
war on unwary and unprepared peoples. In our time, we
have seen Germany do it twice and Japan once. They
did not win merely because their tools were not equal to
the job of subduing us before we were able, under the
spur of our peril and our righteous wrath, to prepare de-
fensive means and offensive retaliation. It took all the
resources of Japan to carry out one Pearl Harbor at a
time. Now it is different. Now despotic rulers, minded
as were those of Germany and Japan, can overnight deal
such crushing blows to another nation or nations that
recovery and retaliation will be impossible.
Therefore, it is obvious that the only safety is in
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means which will make it impossible for any nation to
attack another.

The only possible safe policy for the future must be
one which rests on the law and the conscience of man.
Nations must be controlled, as we now control states,
counties, cities, and individuals.

The people of no country want war. Then how do
wars come about? In our time, as almost always in the
past, they developed from the ambitions of rulers of
countries. One of the greatest virtues of an effective
democracy is that the actions of its governing group re-
flect more nearly the wishes of its people. If all rulers had
tenure of office limited to a few years, perhaps the urge
to war would be reduced toward the vanishing point.

The outstanding need of the moment is to explain
these revolutionary facts and conditions to all peoples
and rulers of the world. It will take skill and patience to
give the required teaching, particularly in countries
where the facilities for information dissemination are
not good. It will be difficult, because so many have for
so long paid so little attention to moral law and conduct
among peoples. But it must be done, if life in the future
is to be worthwhile, because there is no other way to
avoid cataclysmic horror.

We must have world law and order. That is the simple
significance of nuclear fission—and of Bikini.
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Browder J. Thompson Memorial

In May, 1945, announcement was made of a
plan to establish a memorial to the late Browder
J. Thompson.! In accordance with this plan,
arrangements were made to receive contribu-
tions to establish a memorial fund. This fund

has subsequently
been turned over
to the Institute,
which has gladly
agreed to admin-
ister it and to em-
ploy the income
therefrom to pro-
vide an annual
award.

By  October,
1945, contribu-
tions totaling

over $4100 had
been received,?
and in Novem-
ber, a check of
$4000 for the
Browder J. Thomp-
son Memorial
Fund was pre-
sented to the In-
stitute.* In Janu-
ary, 1946, ar-
rangements were
completed to make
the initial award
at the summer
Electronics Con-
ference.t

The first Brow-
der J. Thompson
Memorial Prize
was presented to
Dr. Gordon M.
Lee! during the

! Proc. I.R.E,, vol. 33, pp. 336-337; May, 1945.
! Proc. I.R.E,, vol. 33, p. 902; December, 1945.
! Proc. I.R.E. AND WAVES AND ELECTRONS, vol. 34, p.

43-W; January, 1946,

¢ Proc. I.R.E. AND WAVES AND ELECTRONS, vol. 34,
p. 203-W; April, 1946.
$ Proc. I.R.E. AND WavEs AND ELECTRONS, vol. 34,

p. 466; July, 1946.

.é.______ S _

Browder ]J. Thompson
1903-1944

Signed
WiLLiam C. WHITE
Treasurer

banquet of the I.R.E. Fourth Electron Tube
Conference held at Yale University, New
Haven, Connecticut, June 27 and 28, 1946.
Now that the memorial is established, the
Committee that carried out the plan may be dis-

banded. As a
matter of record,
the following
statements show-
ing the contribu-
tions to the fund
and the manner
of their disposi-
tion are presented.
Any future con-
tributions ‘should
be made directly
to the Institute.
Signed

R. R. Law
Secretary, Memo-
rial Committee

Princeton, N. ]J.
September 6, 1946
The Princeton
Bank and Trust
Company, Prince-
ton, New Jersey,
hereby certifies
that a total of
$5001.03 has been
deposited in the
account “Brow-
der J. Thompson
Memorial Fund.”
Signed
HANN M. THOMAS
President, Prince-
ton. Bank and
Trust Co.

The Institute of Radio Engineers hereby ac-
knowledges receipt of $5001.03 from friends of
the late Browder J. Thompson.

Institute of Radio Engineers
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This fund shall be administered by the Insti-
tute in accordance with the provisions outlined
in the following specifications:

SPECIFICATIONS FOR THE BROWDER ]J.
THOMPSON MEMORIAL PRIZE

In tribute to the late Browder J. Thompson,
who gave his life in service to his country,
friends have established a Memorial to com-
memorate his interest in science and his many
contributions in the field of radio and elec-
tronics. In view of his long and intimate associa-
tion with The Institute of Radio Engineers,
contributions of friends were turned over to the
Institute, which gladly agreed to administer the
fund and to employ the income therefrom to
provide an annual award.

This award shall be known as the Browder J.
Thompson Memorial Prize. Its purpose shall be
to stimulate research in the field of radio and
electronics and to provide incentive for the care-
ful preparation of papers describing such re-
search. The award shall be made annually to the
author or joint authors under thirty years of
age at date of submission of original manuscript
(in case of joint authorship, all authors shall be
under thirty years of age at date of submission
of original manuscript) for that paper of sound
merit recently published in the Technical Pub-
lications of The Institute of Radio Engineers
which, in the opinion of the Awards Committee
of the Institute, constitutes the best combina-
tion of technical contribution to the field of ra-
dio and electronics and presentation of the sub-
ject. The Memorial Fund, accumulated from
contributions of friends of the late B. J. Thomp-
son, shall be turned over to the I.R.E. and ad-
ministered by the Investments Committee of
the Institute. The annual prize in any particu-
lar year shall consist of the approximate amount

of the annual income received from this Fund.
The Investments Committee of the Institute
will determine from time to time the amount of
the average annual income so.as to avoid undue
fluctuations from year to year due to variations
in rate of income, defaults in interest payments,
back-interest payments, etc. In case the Awards
Committee finds that, in any one year, there is
no author or paper meeting the requirements for
that year’s Award, the Award for that particular
year may be postponed until such time as the
Awards Committee determines upon a suitable
recipient, or the income may be used for in-
creasing the amount of the Award over a suit-
able period of years.

The foregoing specifications are intended to
provide for the normal administration of the
award. If there arise unusual conditions or
emergencies such as those which would involve
suspension of publication, delayed appreciation
of the value of a particular contribution, or se:
crecy restrictions which make it impossible for
an author to submit manuscript in a normal
manner, the Awards Committee may, at their
discretion, depart from a strict intrepretation
of the conditions “recent” and “under thirty
years of age at date of submission of original
manuscript.”

Furthermore, in the event that the specific
provisions of this gift shall, in the opinion of the
Board of Directors of the Institute, have become
inapplicable to meet changed conditions of the
future, the Board of Directors of the Institute
may modify the provisions of the Award in such
manner as to best carry out the spirit intended
by those who contributed to the Fund.

Signed
F. B. LLEWELLYN
President, Institute of Radio Engineers
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A Microwave Relay System:

LELAND E. THOMPSONY, SENIOR MEMBER, LR.E.

Summary—A method of double-frequency modulation suitable
for long-distance transmission of multichannel gignals by means of
radio-relay stations is described. Propagation, radio-frequency band-
width, and radio-frequency power are discussed briefly. The signal-
to-noise ratio and distortion of the system are shown by theory and
experiment. An experimental circuit between Philadelphia and New
York is described and the results are given.

INTRODUCTION

HE DEVELOPMENT of microwave power
T generation and radiation during the war advanced

so far that it now seems economically possible to
transmit multichannel telephone and telegraph sig-
nals over long distances by means of relay stations
spaced from 25-to 50 miles apart. Such services require
a high degree of reliability. Interruptions due to inter-
ference and propagation failures should be entirely
absent.

The microwave region from 2000 to 10,000 mega-
cycles is particularly well suited for such transmissions.
In this frequency range the received signal over a
propagation path only slightly above grazing is near
the free-space value.! Interference from a station on the
same frequency channel at a much greater distance
away than the desired station, even under conditions
of unusual propagation and without the help of the di-
rectivity of the antennas, is considerably reduced just
because the distance to the interfering station is greater
than that to the desired station. This is a more favor-
able condition than on lower frequencies where, for
example, on 40 to 100 megacycles the received signal at
a distance of 25 miles over a propagation path slightly
above grazing would be considerably below the free-
space value and an interfering signal from a greater
distance may be so much nearer the free-space value
that, with the same transmitted power, it is actually
stronger than the desired signal under unusual propaga-
tion conditions.

This more favorable propagation characteristic of
microwave frequencies together with sharply direc-
tional antennas provides a much greater opportunity to
use the same frequency channel over and over again
than was ever possible on lower frequencies.

It is well known that frequency modulation with a
large deviation ratio provides a gain in signal-to-noise
ratio at the expense of increased bandwidth.??® In other

* Decimal classification: R480XR310. Original manuscript re-
ceived by the Institute, May 9, 1946; revised manuscript received,
July 26, 1946.

t RCA Victor Division, Radio Corporation of America, Camden,
New Jersey.

1 C. W. Hansell, “Radio-relay-systems development by the Radio
Co;g)oration of America,” Proc. I.R.E., vol. 33, pp. 156-168; March,
19

? Edwin H. Armstrong, “A method of reducing disturbances in
radio signaling by a system of frequency modulation,” Proc. I.LR.E.,
vol. 24, pp. 689-740; May, 1936. .

3 Murray G. Crosby, “Frequency modulation noise characteris-
tics,” Proc. I.R.E., vol. 25, pp. 472-514; April, 1937.

words, for a given signal-to-noise ratio, less radio-
frequency power is required than in an amplitude-
modulation system, or in a frequency-modulation sys-
tem with a low deviation ratio. In addition to the econ-
omy of a low-power system, there is the advantage of
the greater possibility of using the same frequency chan-
nel over and over even in the same local geographical
area, because of the interference-suppression effect of
frequency modulation.

For example, assume that in a terminal station in a
metropolitan area, which is the terminating point of
several microwave relay circuits, each relay circuit is a
two-way circuit and that each radiates from the
terminal station in a different direction. All the re-
ceivers at the terminal station may use one common fre-
quency channel and all the transmitters may use a
second one. Interference between the different circuits
would be eliminated by the directivity of the antennas
and by the interference suppression of frequency modu-
lation. With an amplitude-modulation system, or any
system which would depend on the antenna directivity
alone for interference‘elimination, such common use of
one frequency channel would not be practical, at least
not with the antenna designs in use at the present time.
In this case, although the frequency band required for
each of the circuits would be smaller, each circuit would
require a separate frequency channel. Probably a total
frequency spectrum greater than that used when all
the circuits can operate on a common frequency chan-
nel would be required.

It is evident that bandwidth alone is not a measure of
the “space” required by a particular system. The type
of modulation and the amount of radio-frequency power
used are of great importance in efficient use of the
spectrum.

THE DOUBLE-FREQUENCY-MODULATION SYSTEM

The ability to modulate, relay, and demodulate a
number of simultaneous signal channels without objec-
tionable noise or cross talk is as important as the
ability to generate and to radiate radio-frequency
power. This system of modulation makes use of fre-
quency separation of the various signal channels. The
modulation range is from 30 cycles to 150 kilocycles.
Any of the systems of channeling used on long wire-line
telephone* and telegraph® systems may be used.

The intelligence or signaling band of frequencies is
used to frequency-modulate or phase-modulate a sub-
carrier to 1.0 megacycle. The modulated subcarrier
then frequency-modulates the radio-frequency carrier.

¢ B. W. Kendal and H. A, Affel, “A twelve-channel carrier tele-
phone system for open-wire lines,” Bell Sys. Tech. Jour., vol. 18,
pp. 119-142; January, 1939.

8 F. B. Bramhall and J. E. Boughtwood, “Frequency-modulated
carrier telegraph system,” Trans. A.I.LE.E. (Elec. Eng., January,
1900), vol. 61, pp. 36-39; January, 1942.
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A pre-emphasis network is used to increase the devia-
tion of the subcarrier to approximate linearity with in-
creasing modulating frequency between 10 and 150
kilocycles, so that the signal-to-noise ratio on all of the
channels will be the same. Below 10 kilocycles, pre-
emphasis does not take place. Above 10 kilocycles the
modulation is more correctly called phase modulation,
since the deviation increases with modulating fre-
quency. '

Fig. 1—Block diagram of the terminal transmitter.

The method of generating and modulating the sub-
carrier is shown in Fig. 1. Two oscillators are fre-
quency-modulated by two reactance-modulator tubes.
Each oscillator output is coupled to a tripler stage, and
the outputs of the two tripler stages couple to a mixer
stage. The plate circuit of the mixer stage is tuned to the
frequency difference between the frequencies of the two
input voltages. The input modulating voltage is fed in
push-pull fashion to the grids of the reactance modu-
lators. The output frequency swing of the 1.0-megacycle
subcarrier is, because of the action of the tripler stages,
three times the sum of the swings produced by the two
modulators. The maximum frequency swing of the sub-
carrier is plus and minus 400 kilocycles.

I~ T T S 1 r -7 ORIT M T
'

w—-
S T

uTIUT
Fig. 2—Block diagram of a relay receiver and transmitter.

~euT

The microwave unit of the transmitter uses a reflex
oscillator.® A relatively low-power oscillator tube has
been used in the experimental system. The modulated
subcarrier is coupled to the repeller electrode circuit of
the oscillator tube to produce the frequency modulation
of the microwave carrier. The frequency swing is plus
and minus 2.0 megacycles.

The frequency control consists of a high-Q cavity cir-
cuit which stabilizes the frequency of the oscillator by
means of an automatic-frequency-control circuit.

At a relay station the signal is received by a super-
heterodyne receiver with an intermediate frequency of

¢ J. R. Pierce, “Reflex oscillators,” Proc. I.R.E., vol. 33, pp. 112~
118; February, 1945.
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32 megacycles and a bandwidth of 4 megacycles. Fig.
2 is a block diagram of a relay receiver and transmitter.
The last limiter in the intermediate-frequency amplifier
connects to a 32-megacycle discriminator which has a
frequency range from audio frequencies up to about 1.5
megacycles. The frequency-modulated subcarrier out-
put of the discriminator is amplified by a two-stage
amplifier and limiter with interstage-coupling circuits
broadly tuned to 1.0 megacycle. The output of this
amplifier is coupled to the repeller-electrode circuit of
the relay-transmitter oscillator and thus frequency-
modulates the relay transmitter.

—
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Fig. 3—Block diagram of the demodulator used at a terminal station.

At a terminal receiving station, the output circuit of
the subcarrier amplifier connects to a second demodu-
lator. The circuits of the demodulator are shown in
block-diagram form in Fig. 3. By the use of an oscillator
and a balanced mixer circuit, the 1.0 megacycle sub-
carrier is changed to a frequency of 13.0 megacycles. A
three-stage limiter is used before the final discriminator,
which operates at the center frequency of 13.0 mega-
cycles.

The modulation characteristic of the transmitter
oscillator as well as of the 32-megacycle discriminator
need not be linear because the modulation applied to
the oscillator and the output voltage of the discrim-
inator are the subcarrier wave, and this is a frequency-
modulated wave and not subject to any harmful effects
by passing through nonlinear circuits.

A comparatively simple system of relaying is thus
provided, since the relay-transmitter radio-frequency
circuits contain a single tube, the reflex oscillator.

For successful operation and maintenance of a relay
system consisting of a number of relay stations that
are normally unattended, a means of communication
from a terminal station to any relay station, and also
between any two relay stations, is very desirable. A
means of locating failures in the system from a terminal
station is almost a necessity for prompt repair and
servicing. This service channel is provided by fre-
quency-modulating the transmitter oscillator directly
with audio frequencies in addition to the subcarrier
modulation.

At each relay station, this audio frequency is sepa-
rated from the subcarrier at the 32-megacycle dis-
criminator and then applied again to the outgoing
transmitter oscillator. A microphone and headphone are
connected in this circuit at each relay station. This serv-
ice channel also provides the necessary circuit for the
signals which locate failure.
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Nonlinearity in the modulation characteristics of the
oscillator and the 32-megacycle discriminator cause dis-
tortion in this channel, but a relatively high value of
distortion here is not objectionable. Because of the large
frequency separation, cross modulation with the sub-
carrier channels does not result.

The radio-frequency circuit components of the ex-
perimental equipment are illustrated in Fig. 4. The an-
tenna is shown at the top. The transmitter oscillator
appears at the lower left. These components were de-

|

Fig. 4—Experimental radio-frequency circuit components.

signed for a frequency range of 3000 to 3300 megacycles.
The concentric-line output of the oscillator tube is
capacitance-coupled to a section of concentric line con-
taining two sliding insulator sections, each a quarter-
wavelength long. By adjusting the position of the two
insulators, the oscillator tube is matched to the trans-
mission line and antenna. At the lower right in Fig. 4
is shown the receiver oscillator and mixer unit. The out-
put of the oscillator tube couples to a quarter-wave
concentric-line resonant circuit by means of a capaci-
tance probe. A small loop couples the antenna to the
resonant circuit across which the crystal rectifier is
connected. The output terminal shown at the top of the
unit connects to the intermediate-frequency amplifier.

SIGNAL-TO-NoOISE RaTIO

The received-carrier-to-noise ratio depends on a num-
ber of factors. First, the propagation path should be
clear of any obstructions such as hills, trees, etc. The
other factors determining the received-carrier-to-noise
ratio are transmitter power, diameter of the antenna
reflector, wavelength, distance, receiver bandwidth,
and receiver noise factor. The value of the carrier-to-
noise ratio may be calculated for these latter factors
from the formulas given by Hansell.? :

With either frequency modulation or amplitude
modulation the signal-to-noise ratio at the output of the
receiver is not the same value as the carrier-to-noise
ratio before the last detector; this is the case if the
bandwidth of the intermediate-frequency-amplifier cir-
cuits is greater than twice the frequency-response range
of the audio circuits. The signal-to-noise ratio is im-
proved by a factor that is determined by the band-
width reduction. In the case of amplitude modulation
the equation for signal-to-noise ratio (S/N) is

(;: ) 0 (BW) C
AM 2fa N

(1

Proceedings of the I.R.E. and Waves and Electrons

December

where (BW) is the intermediate-frequency bandwidth,
fa is the audio-frequency bandwidth, M is the modula-
tion factor, C is the carrier voltage, and N the noise
voltage ahead of the last detector. When the frequency-
modulation improvement factor® is applied to (1), the
equation for the signal-to-noise ratio with frequency

modulation is
S (BW) C
)= v324 50 5
Y] 2fa N

where D is the ratio between the frequency deviation
and the highest modulating frequency.

The signal-to-noise ratio equations for the double-
frequency-modulation system are derived in the ap-
pendix. The equation for the first or audio-frequency

channel is
S\ _V3 ®w) ¢
(F)DFH_ V2 DlD,/t/ 2fa N

where D, is the ratio between the frequency swing of
the carrier and the subcarrier frequency, and Dy is the
ratio between the frequency deviation of the subcarrier
by the audio frequencies and the highest audio fre-
quency of this channel.

The signal-to-noise ratio equation for the carrier
channels above the audio channel, where the subcar-
rier is phase modulated, is

2

(3)

() -Lony/TOE
e V2 o 2fa N

where D, is the ratio between the frequency deviation
of the subcarrier by any one channel and the mid-
frequency of this channel and f, is the band-width of
this signal channel. It is assumed in all of the above
cases that the carrier-to-noise ratio is above the thresh-
old value and that the total frequency swing of the
subcarrier by all of the signal channels does not exceed
the linear range of the subcarrier modulator and de-
modulator.

Di1sTORTION

Cross talk in a multichannel modulation system de-
pends on the distortion in the system. The sources of
distortion in frequency modulation are the amplitude
nonlinearity of the modulator and the demodulator as
well as the nonlinear phase characteristics of the cir-
cuits between the modulator and the demodulator.

Measurements of the distortion in this system with
the modulator connected directly to the demodulator
are shown by the curve in Fig. 5.

The second source of distortion, nonlinear phase char-
acteristics of tuned circuits, is an important factor in a
relay system composed of a large number of relay sta-
tions. Both Roder? and Jaffe® show that this distortion

7 H.‘ Roder, “Effects of tuned circuits upon a frequency-modu-
1139t§;i signal,” Proc. L.R.E., vol. 25, pp. 1617-1647; December,

* David Lawrence Jaffe, “A theoretical and experimental investi-
Fntion of tuned-circuit distortion in frequency-modulation systems,”
oc. I.R.E., vol. 33, pp. 318-333; May, 1945.
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is high, even in one circuit, when the frequency swing
is near or greater than the bandwidth of the tuned cir-
cuit and when the modulating frequency is a high
audio frequency. The distortion reduces rapidly with a
reduction of frequency swing. However, distortion is
still a serious factor when a large number of tuned cir-
cuits are used, as in a long relay system.

The nonlinear phase characteristic of the receiver
intermediate-frequency-amplifier circuits will first be
considered. The action of these circuits on the signal
frequencies is of the greatest importance because of the
relatively large number of such circuits in the system.
It was determined in the experimental system that
tuning all these circuits to one side or the other of
resonance did not produce a measurable change in the
over-all distortion. Also it was found that the over-all
distortion did not change with the percentage modula-
tion (or frequency swing) of the carrier. It was con-
cluded that the intermediate-frequency-amplifier cir-
cuits are not an important source of distortion in this
double-frequency-modulation system.

The subcarrier amplifier and limiter tuned circuits
are a source of distortion. By making these circuits suffi-
ciently broad in frequency response, a satisfactory phase
characteristic can be obtained such that a large number
of relay stations may be used. An advantage of such
low-Q circuits is that they are relatively stable under
normal changes of temperature and humidity, and thus
make practical the use of phase-corrective networks
should they be necessary in an extremely long relay
system.

COMPARISON WITH SINGLE FREQUENCY MODULATION

It is reasonable to compare the signal-to-noise ratios
of this system with a single-frequency-modulation sys-
tem on the basis of equal transmission bandwidths and
equal transmitted powers. Both systems can be designed
for any given bandwidth and power, within practical
limits.

Comparing (2) for frequency modulation with (3)
for double frequency modulation, assuming equal band-
widths, power, and modulating frequencies,

(%)ru V2D

(S) ~ DD
N /pru

gives the ratio of the signal-to-noise ratios of the two
systems. Assuming values for D, and D; according to
the system described, D, is equal to 2 and the ratio of
D to D, is 5, since the maximum frequency swing of the
subcarrier is 400 kilocycles and the maximum frequency
swing for a frequency-modulation system with a band-
width of 4.0 megacycles would be 2.0 megacycles. The
single-frequency-modulation system has a greater
signal-to-noise ratio by a factor of 3.5, or about 11
decibels.

In the case of the single-frequency-modulation system,

()
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the modulation on the carrier passing through the inter-
mediate-frequency circuits of the receivers is the
signaling frequency. To maintain a sufficiently low value
of cross talk due to nonlinear phase distortion, it is
probable that the full peak-to-peak deviation equal to
the bandwidth could not be used, and the signal-to-

3
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Fig. S—Over-all distortion of the modulator and demodulator units.

noise ratio would therefore be reduced. Another factor
to be considered in the single-frequency-modulation sys-
tem (assuming relaying is accomplished without de-
modulation at the relay stations) is the frequency in-
stability of the transmitters. The instability adds up
along the system. That is, the frequency of the re-
ceived carrier at the final receiver in the chain depends
not only on the last transmitter, but on all of the trans-
mitters and all of the receiver oscillators in the chain. A
suitable allowance for frequency drift would reduce the
permissible peak frequency swing.

While these results have indicated reasons for choice
of the double-frequency-modulation system, it is diffi-
cult to make an exact comparison at the present time.
The normal progress of development will make a more
conclusive comparison possible in the future. However,
the experimental results described below tend to con-
firm the correctness of these conclusions.

ExPERIMENTAL RESULTS

An experimental two-way circuit constructed between
Philadelphia and New York City was placed in opera-
tion in April, 1945. The location of this circuit is shown
on the map of Fig. 6. Two relay stations are used, one
near Bordertown, New Jersey, and the other near New
Brunswick, New Jersey, at a site named Ten Mile Run.

The photograph of Fig. 7 shows the tower with an-
tenna reflectors at the Bordentown relay station. The
Ten Mile Run station is similar. The towers are 100 feet
in height. The experimental equipment was placed in
the enclosure at the top of each tower. The design of
later models permits the installation of most of the
equipment at ground level, with the transmitter oscil-
lator, receiver oscillator, mixer, and first amplifier
located near the antennas.

The facilitfes for the installation of the terminal sta-
tions at both Philadelphia and New York were made
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available by the Western Union Telegraph Company,
the Engineering Department of which organization co-
operated in the field tests of the circuit.

The frequencies used in the experimental tests are
near 3300 megacycles. Two frequency channels are

ATLANTIC OCEAN

Fig. 6—Location of stations in the experimental circuit.

used for the complete two-way circuit. At each relay
station the transmitters in both directions are on the
same channel frequency, and the receivers in both direc-
tions operate on the other channel frequency.

The transmitter power is approximately 0.1 watt. The
antenna parabolic reflectors are 4 feet in diameter. This
dimension gives an antenna gain of about 30 decibels
and an angular beam width of about 5.5 degrees at the
half-power points. The antennas are dipoles fed by con-
centric transmission lines.

The propagation path between Philadelphia and
Bordentown is sufficiently clear above hilltops to allow
a geometrically unobstructed path above trees of
normal height. The distance is 26.5 miles. The path of
the link between Bordentown and Ten Mile Run is
well above trees and other obstructions. The distance
of this link is 20 miles. The propagation path between
Ten Mile Run and New York is not sufficiently clear
of the terrain to allow for trees and buildings near the
center of the path. The distance is 37.5 miles.

The received-carrier-to-noise ratio was measured over
each link of the circuit under normal weather condi-
tions when the received signals were constant. The value
of this ratio measured on the Ten Mile Run to New York
link was 20. Between Ten Mile Run and Bordentown
the ratio was 90, and between Bordentown and Phila-
delphia the ratio was 68.

To obtain an experimental confirmation of the signal-
to-noise ratio of (3), a measurement was made under the
following conditions. The "subcarrier circuit on the
New York receiver was connected directly to the trans-
mitter to form a relay station, so that a one-way loop
circuit of 168 miles in length was obtained with the
transmitting and receiving ends of the circuit in Phila-
delphia. Measurements were made at audio frequencies
with a filter on the receiver output with & noise band of
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15 kilocycles. A modulating frequency of 1000 cycles was
used with a swing of 60 kilocycles on the subcarrier.
The signal-to-noise root-mean-square voltage ratio
measured about 1000, or 60 decibels. From (3) the calcu-
lated value is 67 decibels, with the carrier-to-noise ratio
of 20 obtained on the lowest signal link in the circuit.
There were two such links of about equal strength and
therefore 3 decibels should be subtracted from this

Fig. 7—Relay station near Bordentown, New Jersey.

calculated figure, gi\}ing a value of 64 decibels. The noise
contributions of the links having the stronger received
signals would be small by comparison and were neg-
lected. Other tests made over a single link checked the
theoretical val