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UHF and VHF Twin Tetrode
for w I-D-E Band Operuhon

@ The AMPEREX AX-9903/5894 is an improved version of the 829B. The desigu

AX'9903/5894 of this tube incorporates feotures which produce considerobly smaller output
capacitances and which, therefore, result in higher resonant frequencies (opproxi-
CHARACTERISTICS

motely 500 mc. instead of 250 mc.). In oddition, because of the low inductances
of the connections between the cothode and screen-grid, more stable operation

. at high frequencies is effected,
Filament Voltage ? a

Series @® A most desirable design characteristic, also, is the incorporation of internal
Porallel nevtralizing condensers which ore connected directly to the control-grids, macking

impossible self-oscillotion in a tuned-plate, tuned-grid transmitter.

Filament Current ® of importance in this new design are such feotures os:

Series
- Direct and short connection between the pins and the anode, causing

Parallel . .
lower inductonce ond resistonce

- No insulating ports (mico or ceramics) between anodes, resulting in lower

Maximum
losses ot high frequencies.

d.c. Plote Voltage 600
d.c. Grid <2 Voltage 250
d.c. Grid 1 Voltage —175
Plate Dissipotion (w.) 2x 20
d.c. Plate Current (ma.) 2 x100

- "Screened” micas, thereby preventing possible losses due to contomi-
noted mico.

*9dAs Jua|pAINba §saaDau sS4 Yum
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- Zirconium-coated moly anodes, giving o higher degree of vacuum than
possible with nickel onodes and borium getters.
® For the full story on how to use the AMPEREX AX-9903/5894 in your particular
Gl s Pt 0.08 mmfd. <0.12 mmfd. op:llfcohon wr:e to Application Engineering, Department N. Or if you prefer,
. 37 b, 14.5 mmfd. ask tor an AMPEREX representotive to call.

Qutput 2.1 mmifd. 7.0 mmfd. ® IMMEDIATE DELIVERY * Order from your local electronics ports distributor.

If unavoilable, write direct to our plont.
MOUNTING POSITION: Bose up or

down. Horizontal with onode leods in

hefiasial (lonk AMPEREX ELECTRONIC CORP.
Fits 8298 Type Socket. 25 WASHINGTON STREET, BROOKLYN 1, N. Y.

In Conodo and Newfoundlond: Rogers Mojestic Limited
13-19 Brentcliffe Rood, leoside, Toronto, Ontario, Conodo
Cable: “AMPRONICS™

A — e OV Tttty ™ ey

* Subject to prior sale

re-tube with
AMPEREX




What to SEE at
' The Radio Engineering Show

March 19-22, 1951 at Grand Central Palace, New York

267 Exhibits of
Radio-Electronic Equipment

Firm Booth

Ace Engineering & Machine Co., Inc,
Philadelphia, Pa 350, 352

The series 40 Ace Cell Type Screen Room,

10’ x 8 x 10. Panel construction permits

moving or enlarging.

Advanfce Electric & Relay Corp., Burbank,
ali
Represented by Wally Swank

Aerovox Corp., New Bedford, Mass. 62
Electrolytic, mica, paper and metallized
paper capacitors.

Aircraft Marine Products,
burg, Pa

Solderiess terminals and connectors, tools,

amplifilm, dielectric material, capitrons,

and radar pulse networks.

Inc.,, Harris-

Airtron, Inc., Linden, N.J. 356
All types electronic components. Flexible
and rigid waveguides, microwave test
equipment, slotted-sections, dummy loads,
waveguide switches and shielded wired
assemblies for ignition, thermocouple and
electrical control circuits.

Alden Products Co., Brockton, Mass.

Components for plug-in Unit Construction.
Introducing new Alden Basic Chasis de-
sign. Non-interchangeable Bases and Sock-
ets. Static Magnetic Memory, new com-
ponent for digital computor techniques.
Injection molded engineering specialties.

Alfax Paper & Engineering Co., Brockton,

Mass 374
High speed, direct, inertialess recording.
Operational recorders for monitoring—mul-
ti-trace and multi-channel instrument re-
corders. Pulse recording. High speed fac-
simile recording

Allegheny Ludlum Steel Corp., Bracken-
ridge, Pa 25, 26

Allied Control Co., Inc., New Yok, N.Y. 79
Relays—Electrical

Alpha Metals, Inc., Brooklyn, N Y. 326
(‘c‘m-Tn-Cure venergized” rosin  filled
solder

Altec Lansing Corp., New York, N.Y. 309, 311
Audio equipment, microphones, amplifiers,
loudspeakers, audio and power transform-
ers, includes dynamic cardioid, capacitor
microphones, high quality amplifiers rang-
ing from 15 to 75 watts power, industrial
and sound system amplifiers from 15 watts
to 250 watts, lomls{:cakcrs from 8” cone to
15 duplex and theatre speakers, trans-
formers from radio replacement to large
high-quality types, transformers to JAN
or MIIL. specitications

American Lava Corp., Chattanooga, Tenn. 64
Ceramic nsulators for radio, television,
radar, electronic components, wire com-
munications, control equipment and house-
hold apphances

American Phenolic Corp., Chicago, 1. 111, 112
Coaxial cables polyethylene and teflun, 300
ohm twin-lead, RF connectors, AN con
nectors and hittings, Industrial connectors,

AN conduit and fittings, Communication
FM and TV antennas, Radio Components

«id hardware, TV antenna rotator, plas.
tics for electronics.

American Smelting & Refining Co., Whit.
ing, Ind
See Federated Metala Division

Firm

Booth

American Structural Products Co., Sub. of
Owens-I1linois Glass Co., Toledo, Ohio 89, 90
Display shows properties of glass and a
series of “live” exhibits. Products shown

are cathode ray tube bulbs, hardened in-
sulators, glass blocks, tubing, rod and mis-
cellaneous electronic glass parts,

American Television & Radio Co., St.

Paul, Minn. 202
ATR DC-AC inverters, battery elimina-
tors, auto radio vibrators, heavy duty vi-
brators, vibrator power supplies, rectifier
power supplies.

Amperex Electronic Corp., Brooklyn, N.Y.

10, 11, 12
High power transmitting tubes of all types
for communication, industrial and special
purposes; x-ray tubes; fixed capacitors,
G-M counters, magnetrons; miniature ultra
high frequency tubes and subminiature
typces.
Anchor Metal Co., New Yeork, N.Y. N-21
Shurflo rosin core solder, a new develop-
ment in cored solders that is particularly
adapted to all solder connections where
corrosion is an important factor. Also bar
solder, solid wire solder, solder preforms,
lead and tin products.

Andrew Corp., Chicago, Il
Transmission Lines, Antenna Equipment,
V'IF and UHF antennas, FM & TV trans-
mitting antennas, phasing & coupling
equipment, HF antennas & distribution
equipment, tower lighting equipment.

Anton Electronic Laboratories, Inc,,
Brooklyn, N.Y. 380
Full line of newly developed precision ra-
diation counters, using entirely new en-
gincering and manufacturing principles.
Corona discharge voltage regulator tubes
on engineering display. Radically new
portable radiation survey meter.

Arnold Engineering Co., Marengo, [11. 25, 26
Permanent magnet materials: cast mag-
nets, alnico I, I, TI1, 1V, V, VI, XII,
X-900 sintered magnets: alnico II, IV, V,

VI, X.900, Remalloy Vicalloy, Remalloy
(Comol), Cunico, Cunife, Cast Cobalt Mag-

net steel. High Permeability materials:
Deltamax Toroidal cores, Supermalloy
toroidal cores, powdered molybdenum
Permalloy toroidal cores, Permendur,

AS EXHIBITED AT THE-
(\ Radie Engineering Shew

Srond Contral Paloce

Our 1951
Advance §
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T R )
Six Million Dollars Worth of
Components, Tools and

Materials
Firm Booth

Atomic Instrument Co., Cambridge, Mass. 377
Nuclear measurement apparatus.

Audio Devices, Inc., New York, N.Y. 316
Display of recording discs, recording and
play back EOims and magnetic recording
tape and film. Audiodiscs, Audiopoints,
Audiotape and Audiofilm. Industrial film
will be shown on the manufacture of
Audiotape.

Automatic Electric Sales Corp., Chicago,

Il
Miniature tclc?honc_typc relays and step-
ping switches for guided missiles, aircratt,
etc.

Avion Instrument Corp., New York, N.Y. 333
Avitron subminiature electronic assem-
blies, magnetorque magnetic particle
clutches and brakes, guided missile com-
ponents, gyros, servomechanisms, analog
computers and high speed digital com-
puters.

B:;}lnntine Laboratories, Inc., Boonton, o

Scn'si.tive electronic voltmeters. Decade

amplifiers, voltage multipliers, shunt re-

sistors.

Barker & Williamson, Inc., Upper Darby, 19

a. -

Coils, capacitors and components and test

equipment.

Barry Corp., Watertown, Mass. 284, 285

Shock mountings, vibration isolators, air-

craft mounting bases.

Bendix Radio Division of Bendix Aviation
Corp., Towson, Md. 14 to 17

G.C.A. talkdown trainer which permits
training of pilots and ground operators in
techniques employed in talking down air-
craft to safe landings when radar is used.
Also used for evaluation of electronic fly-
ing aids.

Btgke}ey Scientific Corp., Richmond,
atif.
Electronic instrumentation for industry

and research. Events-Per-Unit-Time Me-
ter, Timer Interval Meter, electronic coun-
ters presettable to any desired number,
nuclear scalers, count rate meters, count-
ing rate computers, double pulse gencra-
tors.

Berlant Associates, l.os Angeles, Calif. 314
Recording equipment, Concertone mag-
netic tape recorder.

Bird Electronic Corp., Cleveland, Ohio 244
Termaline R wattmeters,  coaxial
switches, aircraft antennas, antenna fil
ters, Termaline dummy loads.

Bliley Electric Co., Eric, Pa. 251
Quartz crystals, crystal evens, frequency
standards.

Boesch Manufacturing Co., Inc., Danbury,
Conn. .
Coil winding machinery for the winding of
toroidal coils, paper interleaf transformer

coils, bobbins and windows. “

Boonton Radio Corp., Boonton, N.J. 76, 217
Types 160-A and 170-A 8Mctc_rs. 202-B
FM Signal Generator, 202- Mobile Signal
Generator, 202-1) Telemetering Signal Gen-
erator, 206-A Mobile Signal Genegator,
207-A Univerter, 211-A Omni-ltnn’%e Signal
Generator, 212-A Glide Slope Test Set,
110-A and 110-B OX.Checkers.
(Continued on page 20A4)
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These are
Tantalytic
bapacttors

PROCEEDINGS OF THE LR.L. March, 1951

Here is one of the fastest moving developments in electronics in recent
years—General Electric’s amazing new electrolytic-type capacitors. These
Tantalytic capacitors have small size, excellent low-temperature charac-
teristics, long operating life and in many cases, can replace bulky her-
metically-sealed paper capacitors. Ratings presently available for con-
sideration range from .02 mu f up to 12 muf at 150 v dc. Units pictured
are 1.0 mu f at 150 volts, a size that is already on order in quantities of
several hundred thousand.

Other features of G-E Tantalytic Capacitors include:

® No known limit to shelf life.

® An operating temperature range from —55°C to +85°C.
® Exceedingly low leakage currents.

® Ability to withstand severe physical shock.

® Completely sealed against contamination.

If you have large-volume applications where-a price of 3 to 5 times
that of hermetically-sealed paper capacitors is secondary to a combina-
tion of small size and superior performance—get in touch with us.
Your letter, addressed to Capacitor Sales Division, Bldg. 42, Room 304,
General Electric Company, Pittsfield, Mass. will receive prompt attention.

Apparatus Department, General Electric Company, Schenecrady 5, N. Y.

GENERAL @3 ELECTRIC
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TYPE 4W20000A POWER TETRODE

CLASS-B LINEAR AMPLIFIER—TELEVISION SERVICE
TYPICAL OPERATION (Per tube, 5-Mc. Bandwidth, 216 Mc.)
Peak Synchronizing Level

Load Impedance 400 Ohms
Effective Length of Plate Line Quarter Wave
D-C Plate Voltage 5500 Volts
D-C Plate Current 7.1 Amps
D-C Screen Voltage 1000 Volts
D-C Screen Current 600 Ma,
DC- Grid Voltage 310 Volts
Peak R-F Grid Input Voltage (approx.) 485 Volts
Plate Power Input 39.1 Kw.

Plate Dissipation - 19.0 Kw
Plate Power Output 20,1 Kw.

For the practical approach to high-power TV through channel 13,
here is the tube . . . the new Eimac 4W20000A power tetrode.

Among the features of the 4W20000A are a unipotential cathode
of thoriated tungsten heated by electron bombardment, a water-
cooled anode rated at 20 kw dissipation, and coaxially arranged
terminals.

This new tube's potential applications are not limited o TV service.
Data on typical operation in class-C telegraphy or FM telephony
as well as class-B linear TV amplifier service are included in a
comprehensive data sheet . . . available for the asking.

Eitel-McCullough, Inc.

San Bruno, California
Export Agents: Frazar & Hansen, 30) Clay St., San Francisco, California

SEE THE 4W20000A
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IT's “LOADED” WITH
BETTER TELEPHONE SERVICE

VM ANy more wires can be crowded into
a cable sheath when the wires are fine.
But normally, wires don’t transmit as
well when they are fine and closely
packed.

Bell engineers long ago learned to
make wires do better work by loading
them with induetanee eoils at regular
intervals, ‘The coils improve transmis-
sion and let messages travel farther.
But originally the coils themselves

Gl |

CN

were large, heavy and expensive. The
cases to hold them were cumbersome
and costly too.

So year after year Bell scientists
squeezed the size out of coils. To make
magnetic cores of high permeability
they developed Permalloy. Tough but
extra-thin insulation permitted more
turns to a core.

New winding machines were devel-
oped by the Western Electric Com-

Twenty of the Bell System’s newest small loading coils—like the one at the left—
are housed in the long black case. mounted in a cable splice. This type of installa-
tion permits the economical extension of city cables to serve out-of-town subscribers.

pany. Coil size shrunk to one-fiftieth.
Some — like the one shown above
— can be mounted right in cables
themselves.

The 15,000,000 coils in the Bell
System today mean thinner wires,
more wires in a cable —more econom-
ical service for you. They demonstrate
once more how Bell Telephone Lab-
oratories work continually to add to
your telephone’s value.

A)BELL TELEPHONE LABORATORIES

. ¥ 5
"‘irg,/ WORKING CONTINUALLY TO KEEP YOUR TELEPHONE SERVICE BIG IN VALUE ANO LOW IN cosT
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TWPE-T46
PRECISION POTENTIOMETER OFFERS:

¢ Low Torque
¢ Accurate Phasing
¢ Quick Replacement
¢ Ganging up to 20 on a shaft

The finest we've ever build! That's our idea
of the new “746". It's got lower torque,

a new more accurate phasing adjustment,
and a new method of ganging that makes it
easy to put as many as twenty cups on a
single shaft. Individual cups in a gang are
easily replaced if necessary.

The new potentiometer is available with
linear or non-linear windings to meet your
specifications. Its ateractive case is made of
grey anodized aluminum.

The “746" is just one of the complete Fairchild
family of precision potentiometers. What are your
requirements? Write, giving details, to Fairchild
Camera and Instrument Corporation, 88-06
Van Wyck Boulevard, Jamaical, N.Y. Dept.140-13H.

EASY REPLACEMENT ACCURATE PHASING FLEXIBLE DESIGN
To replace a unitina “746" gang, loosen con- A new type phasing adjustment is simpler Typical of the special consideration Fairchild
necting-band screws, remove * cup,” slip new and more accurate. A retainer plate clamps gives to 1ts customers’ special requirements is
“cup” under bands, and tighten screws. This shaft to wiper arm. To adjust for phasing, this plug-in version of the "746." Where fast
feature pays off in experimental work where loosen two screws, set the arm to the correct serviang 1s a must, the advantages of this
circuit elements are changed periodically. position, then tighten screws. "quick-change” unit are quite apparent.
SPECIFICATIONS
Accuracy (overall resistance)—*.5% {linear), ~1.0% cr

better (non-linear)
Mechanical accuracy—
concentricity (shaft to pilot)—.0015 in. FIR max.;
radial play—.0009 in. FIR max
shaft—centerless ground stainless steel to .2500 diom
4.0000, —.0005 in

TRLG 1o /__’// /Q CW// ZD

Dimensions—diameter 1.750 max.; length (1 cup) p7’ECISI0” po TE” TIOME TERS

.800 in. =.009 in.; added length per unit ganged
80 in. =.002 in

Case—grey anodized aluminum

SEE THE TYPE 746 AND OTHER FAIRCHILD PRECISION POTENTIOMETERS AT THE RADIO ENGINEERING SHOW., BOOTH 238-239

6A PROCEEDINGS OF THE [.R.E. March, 1951
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for ambient temperatures

vom ~55°C
o +125°C

General Electric Permafil capacitors are designed for use at
extremes in temperature—in high ambients—or in high altitudes
where extreme cold is encountered. They are suitable for all

blocking, by-pass and filtering applications.

These capacitors, while using paper dielectric, are treated
with a plastic compound that retains its electrical stability at
both high and low operating temperatures. Units are available
in case styles CP-53, 61, 63, 65 and 70, as covered by specifi-
cations JAN-C-25—in ratings of .05 to 2.0 muf, 400 volts DC.
Containers are metallic and are sealed with G-E long-life all-

silicone bushings.

For full information on Permafil capacitors see your local G-E
representative. Or write Apparatus Department, General Electric
Company, Schenectady 5, New York.

PROCEEDINGS OF THE I.R.E March, 1951

Where space or weight are
especially important

Permafil capacitors will average
about 1/10 the size and weight of
liquid-filled capacitors when designed
to operate at 125°C.

Where short-life characteristics are
permissible additional savings in
size and weight are possible. If you
have a short-life capacitor application
in mind, G-E engineers would like to

discuss it with you.

— — = - —

GENERAL @D ELECTRIC
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You hit the bulls-eye when you call upon
Sprague application engineers to help you
with critical capacitor problems.

Skilled in applying the essentials of capaci-
tor design to save space and cost in complex
military and civilian electronic equipment,
Sprague engineers are ready to serve you.

If standard capacitors can solve your prob-

lem, they have the industry’s most complete

PIUNEERS IN

/ Byu.s PYE 4

line from which to recommend. If you need a
special electrical or mechanical design to best
solve your circuit or production problems,
they will gladly work out the details without
cost or obligation.

Time is of the essence today. If you have a
capacitor, interference filter, or pulse network
problem, contact SPRAGUE by 'phone, wire,

or mail without delay.

ELECTRIC AND ELECTRONIC DEVELOPMENT

See Us at Booths 27-28 L.R.E. Show

PROCEEDINGS OF THE IL.R.E. March, 1951




A leading designing engineer visited our plant
to work out a particularly difficult problem. Within
a week, hand made samples were produced which
fully met his requirements. ‘

Asked what had impressed him most he said:
"Your amazing versatility. We had no idea this
could be done at all and you have shown us
several ways you can do it. We have done business
with you for years but until this visit | had no idea

An interesting fact of nature is that new-
born opossums weigh not more than 4
grains and are not usually longer than
one-half inch. Six of them can easily be
held in a tablespoon.

1. The same spoon will contain several
hundred ceramic screws 0.150” long,
0.086" screw diameter complete with
slotted head, precision threads #2.56
and 0.018” diameter hole through the
center. These have been successfully pro-
duced in AlSiMag in production quan-
titiest (Nlustration is enlarged approxi-
mately five times.)

2. AlSiMag ceramic tubes 0.035” O.D.
with 4 holes 0.006” 1.D. are regularly
and economically produced within tol-
erances of +0.002". (lllustration en-
larged opproximately seven times.)

More than 70 different raw materials
are kept in stock in five large warehouse
areas for production of the versatile
AlSiMag technical ceramics.

Over two million AlSiMag ceramic
pieces are produced and shipped each
day. On many days the production is
well in excess of three million pieces.

More than five thousand completely dif-
ferent custom made designs are made
in AlSiMag each year.

3. Glazed coil forms, 8” in diameter,
23%” long with various pitch threads
are made to a tolerance of *2%, noth-
ing less than *=0.12.

TRADE MARK REG. US PAT OFF

of the control you have over physical characteris-
tics of your material. Your ability to economically
produce complex shapes within close tolerances is
far ahead of anything we have ever known. And
| am greatly impressed by the modern equipment
and the tremendous size of this business which
makes nothing but technical ceramics.”

We believe that you, too, will find here the an-
swer to almost any technical ceramic problem.

AMERICAN LAVA CORPORATION

49TH YEAR OF CERAMIC LEADERSHIP
CHATTANOOGA 5, TENNESSEE

OFFICES: METROPOLITAN AREA: 671 Brood 5t., Nework, N, J., Mitchel] 2-8159 * CHICAGO,.228 North LoSolle St Centro) 6-1721
PHILADELPHIA, 1649 North Brood St.. 'Stevemson 4.2823 + 1OS ANGELES, 232 South Hill Si., Mutuol 9076
NEW ENGLAND, 38-8B Brottle St., Cambridge, Moss., Kirklond 7-4498 <+ ST, LOUIS, 1123 Woshington Ave,, Garficld 4959




HIGH GAIN WIOE BAND

INOUSTRIAL POCKETSCOPE
POCKETSCOPE MODEL $-14-A

HI, WIDE ond HANDSOME POCKETSCOPES
are characterized by small size, light weight, and out-
standing electrical performance. All units have fre-
quency compensated attenuators as well as non-
frequency discriminating gain controls. All units have
both periodic and trigger sweeps from Y2 cycle to
S50KC. The amplifiers are direct coupled thus frequency
response starts from O cycles. No peaking coils are
used, thus, the transient response is good. Full expan-
sion of trace, both vertical and horizontal, is built in.

e Ny

$10-8 $11-A $12:A

AND

TWIN_ TUBE
POCKETSCOPE

MODEL S-15-A

MODEL §-14-B

Combination filter and graph screens are used for
better visibility, thus traces can be observed even
under high ambient light condition. Binding posts for
convenience of connections, with effective shield, are
used. S-14-A has sensitivity of 10 mv/inch with pass
band above 200KC. S-14-B has sensitivity of 50
mv/inch with pass band above 1 megacycle. S-15-A
is similar to S-14-A except that it has two independent
CR Tubes for multi-trace oscilloscope work. Accessories
such as carrying cases and probes are available.

$-21-A

§$-13-A

POCKETSCOPES and RAKSCOPES have achieved a reputatian far dependubility and accuracy. The LINEAR

$-12-8

TIME BASE can be used with the S-11-A POCKETSCOPE ar with any ather ascillascape ta canvert the

scape ta trigger aperatian fram /2 cycle per secand.

WATERMAN RAYONIC TUBE DEVELOPMENTS

Since the intraductian af Waterman RAYONIC 3MPI1 tube for miniaturized oscilloscopes, Waterman has
developed a rectangular tube for multi-trace ascilloscopy. Identified as the Waterman RAYONIC 3SP, it
) is available in P1, P2, P7 and P11 screen phosphors. The face of the tube is 1%’ x 3'' and the over-all
length is 9% '’. Its unique design permits two 3SP tubes to occupy the same space as a single 3'’ round
tube, a feature which is utilized in the $-15-A TWIN-TUBE POCKETSCOPE. On o standard 19"’
it is possible to mount up to ten 3SP tubes with sufficient clearances for rack requirements. Photographic

relay rack,

5P means of recording are under development and will be available shortly. 3
Mp
TYPICAL OPERATION
VOLTS VOLTS VOLTS Vo Vo MAX VOLT . ) S ¢

TUBE ANODE =2 ANODE =1 GRID =1 0l D2 D3 D4 MUD; ‘L TAW:‘.‘T!D{‘ /:L{ ;[ﬂkIT‘)R CXS:IELBT
1000 165 1o 210 —-8to —67 731099 21079

3sp . ’ 2750 1100 63 6 Amp
2000 330 to 620 —5810 —135 146 10 198 104 10 140

diip 1000 200 to 350 Oto —68 140 10 190 1
2000 400 to 700 Oto—126 | 280t 380 260 to 360 o o o o

- e

HIA

HILADELP 25 o

PENNSY

LTS ¢

LVANIA ¢ U.S.

Manufacturers of POCKETSCOPES® . RAKSCOPES® - PULSESCOPES® and RAYONIC TUBESi
1




Model $-4-A Model S-5-A
WATERMAN PIONEERING 4
ket ; - @

WATERMAN INTRODUCES
TWO NEW 35> OSCILLOSCOPES

Compact, Portable Instruments For Precision Pulse Measure-
ment Adaptable To All Electronic Work, Including TV ...

7 BULSESCORE

TO PORTRAY THE ATTRIBUTES OF THE PULSE:
SHAPE, AMPLITUDE, DURATION AND TIME DISPLACEMENT

Video Amplifier up to 11 MC « Video Delay 0.55 s
Pulse Rise and Fall Time Better Than 0.07 us

4 S-4-A SAR
' PULSESCOPE

Video Sensitivity 0.5 v p to p/in. ® S Sweep 80 cycles to800ke, either trigger or repetitive 8 A Sweep
1.2 us to 12,000 us e R Delay 3 us to 10,000 us, directly calibrated on precision dial @ R Pedestal

or Sweep 2.4 us to 24 us e Internal Crystal Markers 10 us and 50 us @ Size: 9V x 11Va x 10% o
Weight: Less than 32 pounds.

S-5-A LAB
PULSESCOPE ey

Video Sensitivity 0.1 v p to p/in. @ Sweep 1.2 us to 120,000 us with 10 to 1 expansion e Sweep 3
either trigger or repetitive o Internal Markers synchronized with sweep from 0.2 us to 300 ps .

Trigger Generator and built-in precision amplitude calibrator @ Completely cased e Size: 16/2 x
14% x 17'2 ¢ Weight: Less than 60 pounds.

)
" see thess  [Z\hrmeid S
| two NEW s —
Yorh
PUl P Cit
A e CABLE ADDRESS:
| ...at the March 19-22 1951 '

f POKETSCOPE, PHILA.
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Our hat is off

to the L. R.E. engineers

Engireering is a conservative and modest pro-
fession, and rare is the occasion on which
electronic engineers are publicly acclaimed.Yet
these men are making priceless contributions
to industrial progress and national defense.

Since we serve a large number of the country’s
radio-electronic equipment manufacturers, we
have come to know and respect their engineer-
ing personnel.

It is, in a large measure, to these men that
we are indebted for helping us maintain our
reputation as perfectionists in sheet metal
fabrication. Their exacting demands and ad-
vanced designs keep us ever alert to match
their high standards in our own performance.

Gentlemen, we doff our hat in well deserved
tribute. Let us shake your hands at Booths
49 .50 at the I.R.E. Show.

KARP METAL PRODUCTS CO., INC.
223 63rd STREET, BROOKLYN 20, NEW YORK

PROCEEDINGS OF THE I.R.E.
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The revolutionary new -hp- waveguide test equip-
ment shown on the following pages represents
the practical, economical adaptation of a new, fresh
concept of waveguide instrumentation. Emphasis
throughout is on functional simplicity and low cost;
instruments are offered as individual basic com-
ponents. Most equipment is based on entirely new
designs developed either in the -hp- laboratories

HEWLETT-PACKARD

21780 PAGE MILL ROAD

or by Varian Associates, microwave equipment and
electron tube specialists.

Full frequency coverage from 2,600 mc to 18,000
mc¢ is offered in 6 waveguide sizes: 3" x 127,
27x1", 1" x %", 1% "x %", 1"x 2", .702"x.39V".
Instrumentation is now available in most of these
sizes. Complete instrumentation for these frequen-
cies will be provided during the forthcoming year.

COMPANY

PALO ALTO, CALIFORNIA, U.S.A.

Sales Representatives in all principal areas.
Export: Frazar & Hansen, L1d,, San Francisco, Los Angeles, New York City
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-hp- 809 /810 Slotted Sections

Slotred sections are one of the most
impor(;mt mcasurmg insgruments
in waveguide enginecring. They
are essential to the measurement
of impedance, reflection and other
transmission characteristics.

A single precision carriage (-hp- 809B) mounts either slotted
waveguide sections or coaxial sections covering the frequency
range from 4.0 to 12.4 kmc. This results in maximum flexibility
and minimum cost for complete frequency coverage. The car-
riage travels on a new 3-point, ball-bearing suspension system;
and waveguide or coaxial slotted sections may be quickly inter-
changed. Carriage operates in conjunction with -hp- 442A
Broad-Band Probe and -4p- 440A Coaxial Detector. -5p- 810B
Waveguide Slotted Sections are available in sizes: 2" x 17,
2 x %47, 1'47x %8, 1x '2. -hp- 806A Coaxial Slotted Section
is available for frequency range 3.0 kmc to 12.0 kmc. -hp-
S810A Waveguide Slotted Section, of conventional design, is
available in size 3"x 1'2” to cover the frequency range 2.6 to
3.9 kmc.

-hp-280A, 281A Adaptors, Waveguide to Coaxial

For transition between waveguide and co-
axial systems. Each adaptor covers the full
waveguide range with a VSWR not ex-
ceeding 1.5.-hp- 280A with flexible cable,
3"x 1'2" only. -hp- 2814, with Type N
Jacks, sizes 3"x 123", 2"x 1", 1}2"x %",
14" x 5'8”, 1” x ],2”.

-hp- 370 Attenuators, Fixed

Fixed attenuation characteristics of 6, 10 or 20 db. For reduc-
ing power level, isolating system units and reducing reflection.
Max. VSWR 1.15. Sizes: 3"x 1}4", 2"x 1", 122" x %", 114" x %",
1”x 13", 702" x .391".

-hp- 375A Attenuators, Variable Flap

For introducing variable power differences
in a waveguide, or isolating power sources
and loads. Consists of slotted waveguide
section in which matched plate is moved.
Max. VSWR 1.15. Sizes: 3"x 112", 2"x 1",
1'2"x 3", 1%4" x%8", 1"x 12", . 702" x .391".

-hp- 380A Attenuators, Calibrated Variable

For use between 2,600 and 3,950 mc
to create known attenuarions or isolate
sources and loads. Each instrument accu-
rately calibrated at 3,000 mc. Max. VSWR
1.15. Sizes: 3"x 1}2". (Other sizes to be
announced.)

HEWLETT-PACKARD

-hp- 485A Detector Mounts

For measurement of power between fre-
quencies 2.6 to 18.0 kmc in conjunction
with -hp- 430A Power Mcter and Sperry
821 barretter. Also may be employed to
measure relative level, or detect rf energy
using a Type 1N21 crystal. Each mount is semi-tuned by means
of a movable short. Additional tning may be provided if de-
sired by means of -hp- 870A Slide Screw Tuner or -hp- 880A
E-H Tuner. Sizes: 3" x 1'2” (for use with barretter only), 2"x 17,
122"x 24", 10" x *8", 1"x 112", 702" x .391".

-hp- 840A, 841 A Waveguide Tees

Rectangular series or shunt tees for coupling waveguide sys-
tems, as when dividing power or introducing impedances.
Model 840A Series Tees branch from wide face of waveguide.
Model 841 A Shunt Tees branch from narrow face. Sizes: 3”
x 122", 2"x 1", 112"x %", 1%4"x 58", 1”"x Y3", .702" x .391".

Providing a new standard oi broad-band
operation plus traditional -hp- speed,

accuracy, convenience and economy, for all

types of precision microwave measurements.

A

BOOTHS 40, 1

-hp- 845A Hybrid Tees

‘ Four-arm, rectangular hybrid tee. Com-
posed of series and shunt tee constructed
at same point in waveguide. Possess many
properties of bridge circuit. Used for rapid
determination of VSWR; as impedance

transformer; as a bridge, etc. Sizes: 3"x 112", 2"x 17, 112"x %",
/" ”
1}4"x %", 1"x 2", .702"x .391".

See this new equipment at the I.R.E. Show
or write your -hp- sales representative or
factory for details.

-hp- 920A Adjustable Shorts

l l Adjustable choke-type short for tuning or

introducing reactance in combination
with detecting sections, series, shunt or
hybrid tees. Sizes: 3"x 112", 2"x 17, 1'2"x
347, 104" x 8", 1"x 10", 702" x 391"

INSTRUMENTS




-hp- 715A Klystron Power Supply

Versatile power supply for operation of all
types of low-power klystron oscillators in
test-bench experiments. Beam voltage
250 to 400 v.at 50 ma. max. Reflector
voltage 10 to 900 v. at 5 uamps. Internal
square wave modulation, 1,000 cps; also provision for external
modulation. 6.3 volt, 1.5 amp. filament supply.

-hp- 530A Frequency Meters

General purpose reaction type frequency meter covering the
entire waveguide frequency band. Consists of a high "Q" reso-
nant cavity tuned by a plunger. Micrometer scale indicates
plunger position. Accuracy +0.10%. Ranges: 5.85 t0 8.20 kmc
(1'2"x%") and 8.2 to 12.4 kmc (1”x '2"). (Other sizes to be
announced.)

-hp- 870A Slide Screw Tuners

For flattening waveguide systems. Con-
sists of slotted waveguide section and
adjustable probe on sliding carriage. Vary-
ing position and peneration of probe
sets up VSWR which can be adjusted to
cancel existing VSWR in system. VSWR
values up to 20 can be tuned with an accuracy of VSWR 1.02.
Sizes: 3"x 1'4",2"x 1", 1}2"x 34", 1%4"x %", 1"x 12", .702"x .391".

-hp- 880A E-H Tuners

Marcching section for tuning high power
systems or for tuning systems where low
leakage is essential. Consists of hybrid
waveguide tee with moveable choke type
shorts placed in shunt and series arms.
Sizes: 3" x 13", 2"x 17, 1'3" x 24", 1'4"x
5", 1"x 14", .702"x .391".

e
)

HEWLETT-PACKARD

-hp- 440A Coaxial Detector

-hp- 440A Coaxial Detector, a tunable crys-
tal and bolometer mount, may be used as
an tf detector for coaxial systems operat-
ing over the frequency range, 2.4 kmc to
12.4 kmc. A single adjustment provides
rapid tuning. Equipment mates with Type N connectors and
operates either with silicon crystal or bolometer.

-hp- 442A Broad-Band Probe

This probe may be combined with -hp- 440A to provide a

highly sensitive, easily tuned detector for use with slotted
sections. A micrometer depth adjustment
provides quick control of f coupling.
This combination is specifically designed
to operate with -p- 809B and 810A/B
Slotted Waveguide equipment.

-hp- 910A Low Power Terminations

For use wherever matched load is required, as in measurement
of reflection, discontinuities or where waveguide must be
properly terminated. Consists of tapered piece of resistive ma-
terial terminating a waveguide section in its characteristic
impedance. Max. VSWR 1.06. Average power 1 watt, sizes:
37 x 14", 2"x 1", 1'3"x %", 1%" x 58", Average power 1,2
watt, sizes: 1”7x 2", .702"x .391".

-hp- 912A High Power Terminations

Used as dummy loads for high-power

transmitters. Dissipate large amounts of

power without undesirable reflection.

VSWR less than 1.1. Forced air cooling
required when operating at 50% rating or above. 250 watts
average power, size: 3" x 1'2". 100 watts average power, 1"x 44",
(Other sizes to be announced.)

INSTRUMENTS




YOU CAN DO Mor&"‘

vo 1 Pgffer wrm

GPL TELEVISION EQUIPMENT

Introduced only last ycar, this GPL equipment has
already received wide industry acceptance for its
flexibility, convenience and advanced design features.

Developed for easy, attention-free operation, built with
; i watchmaker’s precision, the GPL line will do more, do it
better, for years of dependable service. Write now for full

details . . . act now for carly deliveries.

the
Complete

NEW LINE

for
Studio and Field

that Increases
TV Efficiency

Compact Camera Chain Gives
Improved Picture Control

Camera, control unit,
power unit make up
world’s smallest, lightest
broadcast chain. Improved
picture quality with re-
mote control iris, uniform
focus adjustment for all
lenses. Remote lens change,
focus, pan and tilt also
available. Simplified ad.
justments. Better accessi-
bility. 815" monitor tube.

TV CAMERA CHAINS—TV FILM CHAINS
TV FIELD AND STUDIO EQUIPMENT
THEATRE TV EQUIPMENT

16a PROCEEDINGS OF THE IL.R.E. March, 1951



Single-Unit Sync Generator
Requires No Adjustment

This unit, complete with power
supply, is packaged for field use,
may be removed from case for
rack mounting. With binary
counting circuits and pulse width
controlled by delay lines, it pro-
vides circuit reliability better than
present studio equipment and
eliminates operator adjustments.

Video Recordings of
Live-Program Quality

Precision electronic shutter pro-
vides steady interlace and elimi-
nates shutter bar. High-fidelity
sound recorded on the film simul-
taneously. New vacuum gate
camera runs continuously with-
out emulsion pile-up. Telecast
recording looks and sounds like
a live show.

First Professional Sync
Projector for 16-mm Film

Designed for TV studio use.
Has the reliability of profes-

Sharper, steadier pictures, finer
sound. Uniform illumination, ample light, with 100
foot-candles delivered to camera tube. May be used
with any full-storage type film pick-up or with new
special GPL Photicon Film Camera for greater sensi-
tivity, freedom from shading, simplified control.

New ““3-2"
Projector Works with
Any Image Orthicon Camera

Film Permanently Processed
in 40 Seconds

The GPL Rapid Processor devel-
ops, rinses, fixes, washes, dries
and waxes 16mm film synchro-
nously as it comes from the Re-
corder, or its own feed magazine.
This facilitates rebroadcasts to
other time zones. Operation is
fully automatic, gives uniform,
highest quality results.

) A portable unit of tremendous utility. Used with standard
35.mm equipment. studio or field cameras without special phasing, it makes
transmission of motion pictures as simple as stills. Handles
film features with results comparable to specialized icono-
scope chains. Projects rear-screen effects. Projects commer-
cials to cameras in the field, eliminating expensive studio
stand-by facilities. For preview work, its synchronous
motor simplifies sound scoring.

General Precision Laboratory |

PLEASANTVILLE

PROCEEDINGS OF THE LR.E.

NEW YORK

OR PHONE
FOR DETAILS
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a core made of CARBONYL IRON
POWDER means compact size
and efficient performance.....

“Permeability plus stability —these two qualities
determine the ability of a radio receiving set

to select and hold clear reception on a particular
wave band. In household, portable and automotive

receivers, compact size and weight reduction also become
important factors . . . .. In the making of both RF and

IF coils we have come to rely upon cores made of Carbonyl Iron Powders.
We can trust their uniform quality and uniform crystal structure

to hold the perineability within plus or minus 1% over a period of years.”

THE F. W. SICKLES COMPANY

CHICOPEE, MASSACHUSETTS

FOUNDED IN 1921 —under the name fying to us . . . It is also important

184

of Radio Development Co.,—the F.W.
Sickies Company are today the world’s
largest makers of radio coils. Several
hundred different models of RF and
IF coils—made by this firm—are now
in daily use by manufacturers of elec-
tronic equipment, as well as by ama-
teurs, experimenters, radio service
men and government agencies, both
here and abroad.

The Sickles endorsement of Car-
bonyl Iron Powders is extremely grati-

evidence for the consideration of any
receiver or equipment manufacturer.
Let us send you the book described

at the right. It will cost you nothing

to get the facts . . . Ask your core
maker, your coil winder, your indus-
trial designer, how G A & F Carbony}
Iron Powders can improve the perfor-
mance or reduce the size of the equip-
ment you make. The possible gains
and savings are far greater than here
indicated.

A ¢F Carbonyl

PROCEEDINGS OF THE I.R.E Marc}



Iron Powders. ..

Precision tuning units—made by The F. W. Sickles
Company —for broadcast radio receivers

THIS FREE BOOK — fully illustrated, with
performance charts and application data —
will help any radio engineer or electronics
manufacturer to step up quality, while saving
real money. Kindly address your request

to Department 35.

ANTARA. PRODUCTS

DIVISION OF

GENERAL DYESTUFF CORPORATION

435 HUDSON STREET o NEW YORK 14, NEW YORK

19A
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NOISE ANALYSIS ® PROGESS CONTROL - |

VIBRATION TESTS ® TELEMETERING

Used by more engineers .
than all other professional Weite for NEW CATALOG
B Magnecord, Inc., Dept. P-3
tape recorders combined 360 N. Michigan Ave.. Chicago 1, IlI.

Send me further informotion an Magnecord
taperecordings for industrial "Sound “Research.

Name........ ——— SNER————
—a TR Address........................ . P

360 NORTH MICHIGAN AVENUE Clty o ve.mas. Zone State
CHICAGO 1, ILLINOIS

What to see at the

Radio Engineering Show

(Continued from page 1A)

Firm Booth

Borg Equipment Division—The George W.

Borg Corporation, Delavan, Wis.
Micropot—Ten Turn Potentiometer, Micrc
dial, Ten Turn Counting Dial.

W. H. Brady Co., Chippewa Falls, Wis

Self-sticking identification products, wire
markers, colored wire markers, parts iden
tification markers, pipe & conduit mark
crs, safety signs, printed ‘‘scotch” roll
tape, masks & stencils, bin markers, spe
cial self-sticking markers made to custom
er's specifications, coil tmarkers, instruc
tion labels, product and trade mark idents
fication markers, wiring assembly mark
erg, imspection labels, balancing tapes, cte

Brentano’s Technical Department, New
York, N.Y

Baoks of all publishers in the fields of

radio, television, electronics and radar

including nucleonics, atomic engineering,

computers and their related fields.

British Industries Corp.,, New York, N.Y
Garrard record changers and pliono units
Ersin multicore solder

Brooks & Perkins, Inc., Detroit, Mich
Magnesium fabricated products for radar
reflectors and control boxcs, portable
electronic cases, deep drawn magnesium
stampings and assemblies, welded framc
assemblies, pressurized radar housings
magnesium plotting equipment and furni
ture

Browning Laboratories, Inc.,, Winchester

Mass.
Model 0OJ-17 Oscillosynchroscope, Model
GL-22A Sweep Calibrator, Model ON
Oscillosynchroscope, Model MD-25 M
Modulation Monitor, Models RV-10A FM
Tuner, RJ 12B FM-AM Tuner, RJ-20A
FM-AM Tuner

258

259

210

343

Brujac Electronic Corp., New York, NY. N-20

Two Precision Cathode Ray Oscilloscopes
have been developed for the observation
of random pulse transient or repetitive
phenomena in the DC to 15 Mc range. The
Labscope incorporates calibrated sweep
specds from 1 sec/em to 0.1 microsec/cm,
amplitude calibration, and coaxial mount-
ing of related controls. Two models are
available, one employing the 5YP CR tube
(4000 volts accelerating) and the other, the
5XP CR tube (12,000 volts accelcrating)

Brush Development Co., Cleveland, Ohio 70,71

Industrial and rescarch instruments, mag
netic recording equipment and components
synthetic piezo-clectric crystal element

“Hypersonic’ generators and ceramic
piezo-electric elements and transducers

Burlington Instrument Co., Burlingtos
lTowa

Display AC and DC electrical indicating

instruments, portable instruments, an

generator voltage regulators.

Bussmann Manufacturing Co., St. Louis.
Mo.

Buss and Fusetron fuses of all types for

the protection of radio, television and

electronic equipment of all kinds

Caldwell-Clements, Inc., New York, N.Y.
‘Tele-Tech,” a television and telecommu-
nications engineering magazine, and '‘Ra-
dio & Television Retailing,” a merchan
dising and servicing trade magazine

Calidyne Co., Winchester, Muss

V'ibration mcasuring equipment. Electre
dynamic shaker, calibrators and power
supplies, Tligh Sensitivity Accelerometer,
Vibrascope, Vibration Meter, Calivolters

Cambridge Thermionic Corp., Cambridge,
Mass.

Terminal boards; terminals (lugs); <lug

tuned coils. slug-tuned coil forms, phenolic

and ceramic; insulated terminals, phenolic

and ceramic; clectronic hardware

Camloc Fastener Corp., New York, N.%
Quick-operating  fasteners, one-quarter
turn, latches, and quick rclease.

Cannon Electric Development Co., Los
Angeles, Calif.

Electrical connectors, multi-contact plugs
nd receptacles for radio and electronic

circuits
(Continued on tage 26A4)
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n

249

N-12

287

339

250
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SMALLEST SIZE YET

for conservatively rated
.5 watt controls’

You save appreciable space with Stack-
pole LR variable resistors—yet still
have ample wattage capacity for most
television and mobile radio applications.
Only 57/64” in diameter, these sturdy
controls are conservatively rated at 2
watt* and are exceptionally quiet, out-
standingly dependable.

Single LR controls are supplied with
or without SP-ST or DP-ST line switches.
Dual concentric controls—tops for doz-
ens of space-saving applications—are avail-
able with practically any nceded shaft or
switch arrangement.

Write for details or samples to your
specifications.

Electronic Components Division

STACKPOLE CARBON COMPANY, ST. MARYS, PENNA.

(2]

no less than 10% the total

[.R March, 1951

s wall rating where 1 oltage acr

units does not exceed 350

non-linear controls having a taper of
istance at 509 rotation and when




The Arnold Engineering Company
offers to the trade a complete line of

lagnetic
Magll '

PERMANENT MAGNET MATERIALS
¢ Cast Magnets, Alnico I, I1, III, IV, V, VI, XII, X-900

¢ Sintered Magnets, Alnico II, IV, ¥, VI, X-900, Remalloy*

* Vicalloy* ¢ Remalloy* (Comol)

¢ Cunico ¢ Cunife ¢ Cast Cobalt Magnet Steel

HIGH PERMEABILITY MATERIALS

¢ Deltamax Toroidal Cores e Supermalloy* Toroidal Cores

* Powdered Molybdenum Permalloy* Toroidal Cores ¢ Permendur*

*Manufactured under licensing arrangements with WESTERN ELECTRIC COMPANY

WWHEE for information retating 0 ary of these Magnelic Materiak

o} visitusar - THE ArNoip ENGINEERING (GoMPANY
| . BOOTHS 25 & 26 | SUBSIDIARY OF ALLEGHENY LUDLUM STEEL CORPORATION
RADIO ENGINEERING SHOW <: ) General Office & Plant: Marengo, ||Iinois' *

i
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WILKOR

AND NOW

& Greatly Increased Range of

Resistance

% Temperature Coefficient os
Low as 20 Parts Per Million Per
Degree C

4 Increased Stability

4 Lower Noise Level

Attention All Electronic Engineers

We are in production on the most advanced development
in the history of resistors. It is the BORO-CARBOFILM
RESISTOR. After over two years of intensive laboratory
work the introduction of Boron in the making of Deposited
Carbon Resistors has been perfected.

The result of this new development assures greatly in-
creased range of resistance, temperature coefficient as
jow as 20 parts per million per degree C, greater stability
and lower noise level.

What This Means to You

Briefly, this makes it possible for you to use the new, much
improved BORO-CARBOFILM RESISTOR in place of larger
and more costly wire-wound types. It also provides access
to resistance ranges heretofore impossible to attain in
film-type resistors. With their low temperature coefficient
and small aging you will find wide-spread use for these
new resistors in communications and nearly all types of
electronic applications. Remember the name *‘BORO-
CARBOFILM''. Available in Vi, '3, 2, 1 and 2-watt sizes.

In writing, kindly give your requirements in sizes
ond volume.

BORO-CARBOFILM RESISTORS are made under license
arrangement with Western Electric Co., Inc.

WILKOR PRODUCTS, INC.

2882 Detroit Avenuve ° Cleveland 13, Ohio
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A complete line

Unusual combinations of characteristics
required in today’s critical electronic circuits
demand a complete range of resistor types.
Specializing in resistors, IRC makes the
widest line in the industry. This means
ease of procurement—a single dependable
source of supply for all your resistance
needs. It also means unbiased
recommendations—no substitution of
units “‘just as good”. IRC’s complete line
of products; complete research and testing
facilities; complete network of licensees
for emergency production—all add

up to complete satisfaction for you.

PRECISION RESISTORS

< IRC Precision Wire Wounds offer a fine balance of
| “ gioM accuracy and dependability for close-tolerance
; v“'{“ "9,:, applications, Extensively used by leading instru-

c o N T R o L s ment makers, they excel in every significant charac-
teristic. Catalog Bulletin D-1.
- == %

IRC Deposited Carbon PRECISTORS combine accu-

E——

IRC Type W Wire Wound Controls
are designed for long, dependable
service and balanced performance
in every characteristic. These 2-watt
variable wire wound units provide
maximum adaptability to most rheo-
stat and potentiometer applications
within their power rating. Catalog
Bulletin A-2.

IRC New Type Q Controls feature
small %'’ size, rugged construction
and superior performance. Increased
arc of ratation permits same resis-
tance ratios successful in larger IRC
Cantrols. Catalog Bulletin A-4,

racy and economy for close-tolerance applications,
where carbon compositions are unsvitable and
wire-wound precisions too expensive. Catalog
Bulletin B-4,

IRC Matched Pairs provide a dependable low-
cost solution to close-tolerance requirements. Both
Type BT and BW Resistars are available in
matched pairs. Catalog Bulletin B-3.

IRC Sealed Precision Yoltmeter Multipliers are suit-
able and dependable for use under the most
severe humidity conditions. Each consists of several
IRC Precisions mounted and interconnected, encased
in a glazed ceramic tube. Cotalog Bulletin D-2.
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INSULATED COMPOSITION

= L
and WIRE WOUND RESISTORS
, IRC Advanced Type BT Resistors
meet and beat JAN-R-11 Specifi-
cotions ot %3, V2,1 and 2 watts—

combine extremely low operating
temperature with excellent power
dissipation. Cotalog Bulletin B-1.

IRC Type BW Wire Wound Resistors
are exceptionally stable, inex-
pensive units for low range re-
quirements. Have excellent per-
\ formance records in TV circuils,

meters, analyzers, efc. Catalog

HIGH FREQUENCY and . e 55,
HIGH POWER RESISTORS ] IRC Type BTAV High Voltage
" 3/

Resistors, developed for use os

IRC Type MP High Frequency \ :isrlhcrge re;is'orsd!n ﬂuores'cent"Quic: Stont"
: ah . - allasts, withstand momentary pea surge
Fesmors .cﬁord sfabitify With I?w & of 6000 volts, Also svited to TV bleeder
inherent inductance and capacity circuits. Catolog Bulletin 8-1

in circuits involving steep wave
fronts, high frequency measuring
circuits and rodar pulse equip-
ment. Available in sizes from Ya
to 90 watts. Catalog Bulletin F-1,

Type MV High Voltage Resistors
otilize IRC's famous filament re-
sistance coating in helical turns on POW ER R ESI S TOR S
a ceramic tube to provide a con-
ducting path of long, effective
length. Result: Exceptional sta-
bility even in very high
resistance values. Cota-
log Bulletin G-1.

IRC Fixed and Adjustable Power

Wire Wounds give balanced per-
formance in every characteristic
— are available in a full range of
g ~ 1 sizes, types and terminals for ex-
IRC Type MYX ngh Ohmic, ngh acting, heavy-duty applications.
Yoltage Resistors meet require- o~ 9 Catalog Bulletin C-2.

ments for a small high
range unit with axial IRC Type FRW Flat Wire Wound
i3 R ssiors ol requiremens o
has exceptional stability. éc'clog high wattage dissipation in limited
space—may be mounted verti-
cally or horizontally, singly or in

Bulletin G-2.
stacks. Catalog Buitetin C-1.

IRC Type MW Wire Wound Resistors
offer low initial cost, lower mount-
ing cost, flexibility in providing
taps, and saving in space. Com-
pletely insulated against moisture.
Catalog Bulletin B-2.

IRC Type MPM High Frequency Resistors are miniature units
suitable for high frequency receiver and similar applications.
Stable resistors with low inherent inductance and capacity.
Body only %'’ long. Catalog Bulletin F-1.

IRC Type LP Water-Cooled Resistors
for TV, FM and Dielectric Heating
Applications. Cooled internally by
high velocity stream of water;
odjustable to local water pressure
and power dissipotion up to 5
K.W.A.C. Catalog Bulletin F-2.

Power Resistors ® Voltmeter Multipliers
o jnsulated Compasition Resistors ® Low
Wattage Wire Wounds ¢ Volume
Controls ® Voltage Dividers ® Precision
Wire Wounds ® Deposited Carbon
Precistors ©® Ultra-HF and High
Voltage Resistors ® Insulated Chokes

INTERNATIONAL RESISTANCE CO. A
405 N, BROAD ST., PHILADELPHIA 8, PA.

Please send me Technical Data Bulleting checked befow

Bulletin A-2 (W) Bulletin B-4 (DC}) Bulletin F-1 (MP)
Bulletin A-4 (Q) Bulletin B-5 (BW) Bulletin F-1 {MPM)
Bulletin B-1 (BT) Bulletin C-1 (FRW) Bulletin F-2 (LP)
Bulletin B-1 (BTAV) Bulletin C-2 (PWW) Bulletin G-1 (MV)
Bulletin B-2 {MW) Bulletin D-1 (WW) Bulletin G-2 (MVX)
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RELAY PLUGS
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RACK AND PANEL CONNECTORS
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MULTI-WIRE ASSEMBLIES

SPECIAL CABLE HARNESSES
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Trascon Tower Engineening co the ansuer!

Meeting tower construction emergencies of all kinds...solving tower
problems big and small ... being on the job with knowledge and

skill that gets the job done. .. that's the type of service which has made Truscon
a world leader in radio tower engineering!

Truscon experience embraces all types of topographical and metceorological
conditions...and supplying many different tower types: guyed or self-supporting
...tapered or uniformin cross-section...for AM,FM,TV,or microwave applications.

Your phone call or letter to any convenient Truscon district office,
or to our home office in Youngstown, will bring you immediate, capable
engineering assistance. Call or write today.

TRUSCON STEEL COMPANY TR”SCON é :

YOUNGSTOWN 1, OHIO SELF-SUPPORTING

&
Subsidiary of Republic Steel Corporation AND uulFORM ’0 WERS
CROSS SECTION GUYED

{ See the Truscon Exhibit, Booth 230, ] TRUSCON COPPER MESH GROUND SCREEN

Institute of Radio Engineers Show
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KELVIN plus WHEATSTONE
RANGES IN ONE HANDY
BRIDGE

Why pay for two i

) nstruments when one wil

:)aoth jobs? Providing both Kelvin and Whe:ts:o::

Shnci;les from 0.0001 ohm to 11.11 megohms, this

cu: tcrossto. 638-R combined bridge is highlly ac
ate and outstandingly convenient. Prj :
. : . Priced at on]

a little more than a single bridge with a limited ra:;ey

it is a typical exam
~ ple of Sh i ( pmogy S
efficiency and economy. allcross instrument e BT

SHALLCROSS

SHALLCROSS MANUFACTURING COMPANY

Collingdale o Penna.

f

SPECIAL DELAY LINES

Lumped delay lines “tailored” to specific
applications have been announced by the
Shallcross Manuacturing Co., Collingdale,
Pa. A typical unit consists of eight pie-sec-
tion low-loss filters having a rise time of
0.04 microseconds and a total delay of 0.3
microseconds. Maximum pulse voltage is
+ 100 volts and impedance is 500 ohms.
Cutoft frequency is 8.5 megacycles and the
maximum operating frequency approxi-
mately 2 megacycles based on a pulse de
lay error of not more than 2%. The unit
consists of eight universally-wound coils
of 3-strand #41 Litz wire and nine low
T.C. silver mica capacitors. Many other
types can be supplied.

S AR

NEW SHALLCROSS WHEAT-
STONE-MEGOHM BRIDGE

The new Shallcross 635-A \Wheatstone
Megohm Bridge is a versatile direct read-
ing instrument for accurate measurements
between 10 ohms and 1,000,000 megohms
It can be used to measure resistance cle-
ments and insulation resistance and to
determine volume resistivity of materials.
The instrument is basically a Wheatstone
Bridge used in conjunction with a d-c am
plifier. Two built-in power supplies operat-
ing on 115 volts, 60-cycles automatically
provide the correct bridge voltages for the
high and low ranges. Full information is
available from the Shallcross Manufactur-
ing Co., Collingdale, Pa.

METAL-ENCASED RESISTORS

{"lat. metal-encased, Type 265-A wire
wound power resistors introduced by the
Shallcross Manufacturing Company, Col
lingdale, Pa. are space wound, have mica
insulation, and are encased in aluminum
At 175°C. continuous use they are con
servatively rated for 7% watts in still an
l:m(l 15 watts mounted flat on a metal
| chassis. Write for Bulletin 122

EED F THE LRI SEE US AT BOOTHS 280-281, I.R.E. SHOW 295




ELECTRONICS

| MAKE 16 GROUND CONNECTIONS IN
% 1 MINUTE!

Low-resistance joints that hold at over 125°C easily made with

| Operators are making sixteen ground connections a minute to a tele-
vision-receiver chassis with G. E.’s precision-control resistance welding
method.

The compact electronic spot-welding control shown here has been
specifically designed for use in conjunction with small bench welders or
tongs and thus is ideally suited for many of the otherwise expensive
assembly operations encountered in the manufacture of electronic
equipment.

The panel provides for welding-current to control the amount of heat
produced in the welds. Once set, successive welding currents remain
constant to assure accurate and consistent welding of connections.

Complete data in Bulletin GEA-4175.

GENERAL

%

WA

30a

éiELECTRlC

NEW! Unit-Bearing Motor
for fans and blowers

Available in ratings from 25 millihorse-
power to 1/12 horsepower to match many
fan or blower sizes, this new G-E unit-bear-
ing motor uses a new lubrication system
and bearing design that permit reliable
operation in any position. For extremely
quiet operation, resilient cradle-base or
end-ring mounting may be supplied. Suit-
able control is available for two-speed or
adjustable-speed operation. More data in
Bulletins GEA-5338 and GEC-219A.

667-1
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replace tubes BEFORE THEY FAIL!
—record life with G-E time meters

A vacuum tube can usually be replaced beforg it fails if you have
an accurate indication of operating time on the electronic device
on which the tube is used.

G-E time meters, with dependable Telechron® motor drive,
record operating time in hours, tenths of hours, or minutes, and
are supplied for 115-, 230-, or 4G0-volts. The molded Textolite*
case harmonizes with other G-E 3V4-inch instruments mounted
on the same panel. For more information, including dimensions,
write for Bulletin GEC-472.

*Reg. T. M. Telechron, Inc. +Reg. T. M. General Electric Co.

sure protection
against overheating!

This G-E flow interlock opens the electric circuit of your water-
cooled components when water flow is lower than a preset
minimum, closes it when flow is above this point.

Depending on adjustment, the interlock will actuate the elec-
tric contact for any flow between 4 and four gallons per min-
ute. Cut-in, cut-out differential is 0.1 gpm.

Ratings: 10 amps, 120 or 240 volts a-c; maximum water-line
pressure is 125 1b./sq. in. Unit is bronze with standard V5-inch
fittings, is easy to install and adjust. See Bulletin GEC-411.

[‘ I ( ) I¢
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TIMELY HIGHLIGHTS

" ON G-E COMPONENTS

® © 6 © 6 6 © & o ® & & & 0 & & 0 o o

select 10 ranges INSTANTLY
with this HIGH SENSITIVITY VTVM

CALIBRATED RANGES: .001 to 300 volts (10 cycles to
1.5 me.); —52 to 452 db (ref. level —1 mw at 600 v.)

Just about everything you could ask for in a high-sen-
sitivity vacuum tube voltmeter! Frequency range of
this G-E Type AA-l instrument is substantially flat
from 10 cycles to one megacycle with voltage ranges
of 0-.01, 0-.03, 0-0.1, 0-0.3, 0-1.0, 0-3.0, 0-10, 0-30, 0-100,
0-300, decibels from —52 to 452 in 10 ranges.

Ten- position pushbutton switch instantly seclects
range without passing through intermediate stages.
This vacuum-tube voltmeter is stable, has high imped
ance input, uses full-wave rectification, and has an
amplifier output of 3 volts. More in Bulletin GEC-461.

General Electric Campany, Sectian B 667-11 1
Apparatus Department, Schenectady 5, N. Y. |
Please send me the following bulletins: :
[] GEA-4175 Welding control |

Indicate (] GEA-5338 Fan motors
V for reference only (] GEC-219A Fan motors |
X for planning an immediate [] GEC-411 Flow interlock |
project (] GEC-461 Vacuum-tube voltmeter |
[] GEC-472 Time meters ]
" I
ame = - — l
Company I
Address :
City State ]
_______________________ -
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BUT it’s S|mpler

to design the radio
around the battery!

"Lreready' No.950 " A" batteries
and the No, 467 "B’ battery
make an ideal combination

Regardless of what size portable radio you are designing,
for small portable receivers.

you'll find compact, long-lasting “Eveready™ batteries to
fitit. “Eveready” brand batteries give longer playing life.
They are the accepted standard for portable radios. Users
can get replacements everywhere—they prefer portables
that use “"Eveready” bartterics.

CONSULT OUR BATTERY ENGINEERING DEPARTMENT
FOR COMPLETE DATA ON “EVEREADY" BATTERIES

"Eveready”, ""Mini-Max", "Nine Lives" and the Cat Symbol
are trade-marks of
NATIONAL CARBON DIVISION

UNION CARBIDE AND CARBON CORPORATION
30 East 42nd Street, New York 17, N. Y. TRADE-MARK

District Sales Offices: Atlanta, Chicago, Dallas, Kansas City, RA DI (o) B ATTERIE S —

New York, Pitesburgh, San Francisco

32a PROCEEDINGS OF THE I.R.E March, 1951
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ﬂ“ M“NT pioneering in

Cathode-ray Tubes...brought big

pictures from the beginning,

...in 1939
the Du Mont

Ty

Today’s popular television picture sizes are the result of
Du Mont’s 20 years of pioneering in the cathode-ray tube
field. In 1939 when television first hecame a commercial
reality, Du Mont produced the 20AP4 Teletron.* It was
this tube that showed the public, as well as the industry,
that such size was not only practical but also the righi ’
size. While others were limiting their tube sizes to 7 and
10 inches, Du Mont was gaining the experience that is
the reason for the acknowledged leadership Du Mont \

enjoys today in BIG picture tube sizes.
*TRADE-MARK 1



YEAR
AS PIONEER

...in 1951
the Du Mont
“Thirty”

¥
) .
i~ the Du Mont Bent-Gun used
in all current Teletrons

Du Mont went on to introduce the popular 19 and 17
inch sizes that are the standards for today’s receivers.

Du Mont now produces a complete line of BIG picture
tubes in all the popular sizes climaxed in the new 30"
Teletron. This latest design provides a picture of ap- AEEEN BN pWO N
proximately 550 square inches, while the overall length LEEOR N ORIl

. l ”
is only 2374 CATHODE-RAY TUBE DIVISION
n  Most of today’s leading TV receiver manufacturers call

on this unparalleled knowledge in the design and manu- Z=apRloomifel s ciahtle
facture of BIG picture tubes to assure the uniformly ChFon, N-3)
high quality they demand in their receivers.




UUMﬂNT pioneering in

broadcasting and industrial television

The Du Mont Television Trans-
mitter Division continues to set
the pace in the television equip-
ment field with their latest de-
velopment, The Universal Color
Scanner. shown at the right,

Providing for the Broadcaster.
Color Television Researcher.
TV Receiver Manufacturer a
color signal standard for use
with any color system proposed
to date, the Universal Color
Scanner is further proof that
Du Mont consistently offers the
finest. first,

ALLEN B. DU MONT
LABORATORIES, INC.

TELEVISION TRANSMITTER DIVISION

1000 Main Avenue
Clifton, N. J.



An early pioneer in the developrent of television transmit-
ting equipment, Du Mont’s faith in the future of television
has been fully justified. As a product of this faith. Du Mont
is a leading manufacturer of television transmitting equip-
ment.

Shown below is the new Du Mont all air-cooled. high- or
low- band. 5 KW Oak Transmitter. The cumulative result
of 6 years’ experience with air-cooled transmitters, the Oak
Transmitter has already had a highly successful debut with
18 months’ field use on high-band operation. For most
economical television broadcast operation investigate the
Du Mont Oak Series Transmitter. The low initial cost, low
installation cost. low operating cost and low-cost tube com-
plement of the Oak Series Transmitter, add up to the low-
est overall cost TV transmitting operation yet possible for
a broadcast station.

Come see the 3 KW Oak Transmitter at the WABD in-
stallation in the Empire State Building during the IRE
show. March 19 through March 22.

S ——
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“MnN pioneering in Oscillography

has been the greatest single influence in

Concept, Design and Application!

THE TYPE 5YP-

The newest design in 5
cathode-ray tubes which
provides high sensitivity
for high frequency appliea-
tions at low and medium
accelerating potentials.

£,

|

THE TYPE 297

For finished-print recording.

= )@\

THE TYPE 3RP-A

The modern, 3” flat-face
cathode-ray tube which
combines short length with
high sensitivity; is free
from trapezoidal distor-
tions, and provides high
light output.

&

\

THE TYPE 295

For single-transient recording.

bt

THE TYPE 5SP-
Dual-beam cathode-ra)
tube makes possible th
presentation of two relatey
or independent phenomeni
on a single screen.

THE TYPE 5XP-

The multi-band intensifier
principle and special de-
flection plate construction
provide extreme sensitivity
and high light output in a
high-voltage cathode-ray
tube.

OSCILLOGRAPH-
RECORD CAMERAS

. . . for fulfillment of oscillo-
graphic techniques where
permanent records are
desired, Du Mont offers a
complete line.

THE TYPE 321

For moving-film recording. M !
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THE TYPE 293

The Type 293 is designed for use
in the standard impulse testing
of high-voltage transmission
equipment, and presents on the
hot-cathode, sealed-off cathode-
ray tube an accurate portrayal of
the test impulse.

THE TYPE 304-H

Sets a new standard of perform-
ance for general-purpose oscillo-
graphy by providing high-gain
AC and DC amplifiers, triggered
sweeps, and other new circuit
developments.

' ¢ . 2
¢ ¢ i
;8Q§“ﬁ0a 3
| B
8@..»%38

41 TYPE 303

1w, quantitative, wide-band,
pral-purpose cathode-ray
clograph, incorporating time
wamplitude calibration. sweep
Jnsion, and signal delay.

THE TYPE 294-A

With high-voltage cathode-ray-
tube operation and wide-band
amplifiers, Type 294-A is espe-
cially suited for observing and
recording high-speed transient
signals,

ALLEN B. DU MONT
LABORATORIES, INC.

INSTRUMENT DIVISION

1000 Main Avenue
Clifton, N. J.

R

N DISTRIBUTED AMPLIFIER

Development of the transmission-
line-coupled, wide-band ampli-
fier has extended the application
of the cathode-ruy oscillograph
to frequencies beyond 150 mega-
cycles.

write for catalog




SERIES T3C

more tuner

DU MONT 1
I
per dollar... |

for TV-FM r

PERFORMANCE
UNSURPASSED!

/7 ]

PLUS complete coverage of standard FM
broadcast band in addition to TV channels

FIRST WITH THE FINEST IN TV COMPONENTS

 tiomic T

ALLEN B. OUMONT LABORATORIES, INC

PLUS continuous tuning action (Mallory-
Ware Inductuner®*) offering utmost in
dependability

PLUS detent action for quick-click station
selection

PLUS interchangeability — mechanically

ELECTRONIC PARTS DIVISION and electrically — with most switch-type
EAST PATERSON, N. ) siogeks
PLUS sim plest operation yet — covers all | &
TV and FM channels — in four turns

Literature on request. Avail-

YEAR able through leading distrib.

AS PIONEER utors. Let us quote on quan-
tity requirements,

complete w electronic

PLUS dual-dial occupying same panel area
as indicating devices used on most siitch-
type tuners

*Trade-Mark
**RTM PRM CO., INC

components
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say SPEER before you say RESISTORS
... for consistent uniformity

Complete your circuits with R. F.
coils...chokes...tubular and disc
capacitors...high voltage con-

densers...capristors by spEE
JEFFERS ELECTRONICS, INC. .
DU BOIS, PA. M CORP.

Another Speer Carban Co. Subsidiary

A SPEER CARBON COMPANY SUBSIDIARY — e
ST. MARYS, PENNSYLVANIA & 7508
42A PROCEEDINGS OF THE I.R.E March, 1951




e EEid S

A RAULAND EXCLUSIVE!

N
“Tilted-0ffset” Gun

WITH

INDICATOR
ION TRAP

Solves one production line problem

Rauland’s new Electron Gun offers two production line

advantages which TV engineers have welcomed—advan- \ \
tages that help shave pennies off production costs and T‘\_______,__——"-“X
save minutes on production lines. , \
The superior design of Rauland’s new Tilted Offset Gun RAULAND
eliminates one Ion Trap Magnet, cutting use of rare mag- \
net alloy 50%. Yet, it gives better results—bending the The first to introduce commercially
electron beam only once and assuring maximum sharp- these popuh" features:
ness of focus.
Even more important is the exclusive Indicator Ion Trap Tilted Offset Gun
which this gun features. In a matter of seconds—without
even seeing the front of the picture tube—the single Ion Indicator lon Trap
Trap magnet is adjusted with absolute accuracy. .
The magnet is simply moved until a vivid green glow Luxide (Black) Screen

on the anode tube is reduced to minimum. There is no
need whatever for any equipment—any skill-any trained
judgment. Actually, adjustment is made faster than test
equipment could be attached.

To get the benefits that only Rauland offers, specify Visit us in Booth 334 — IRE Show
Rauland tubes with these exclusive advantages. For fur-
ther information, write to . . .

" THE RAULAND CORPORATION

4245 N. KNOX AVENUE - CHICAGO 41, ILLINOIS

Reflection-Proof Screen

Aluminized Tube

%

PROCEEDINGS OF THE I.R.E. Mareh, 1951 43A




MODEL 310A

B BALLANTINE

STILL THE FINEST IN ELECTRONIC VOLTMETERS

MODEL 3028

MODEL 304

Four different types of Precision Shunt Resistors,
varying frem 1 t6 1000 ohms, permit the Voltmeters to
be used to measure currents from | ampere to one-
tenth of a microampere,

Five different types of Multipliers,
whose input resistance varies from
5 to 40 megohms, permit the
voltage range of the Volimeters
to be increased 10 or 100 times.

MODEL FREQUENCYRANGE| VOLTAGE RANGE | INPUT IMPEDANCE ACCURACY
1 millivolt ro 12 meg. shunted 2% up 10 100 KC
300 [ 1010150,000 cycles | 50", o0 by 30 mmfds. 3% above 100 KC
3028 . 2 megs. shunted 4by 39, from
Botrery | 210150,000 cyctes | 199 m<roveltsto |8 mmids. on high| 519 100,000 cycles;
Operated 100 volits ronges and | Smmfds. 5% elsewhere
on low ranges
|
3% except 5% for
1 millivolt 10 100 |1 meg. shunted by | frequencies under
30 cycles 10 volts except below |9 mmids. on low | 100 cycles and over
304 5.5 megacycles 5 KC where max. [ranges. 4 mmfds. on| 3 megacycles and
range is | volt highest range ‘O’I voltages over |
volt
Measures peak val-
ves aof pulses o3
shart os 3 micro-
seconds witha repe-

305 tition rote as low as | 1 millivolt to 1000 Some as 3% on sine waves
20 per sec. Also | volts Peak to Peok Model 3028 5% on pulses
measures peak vol-
ves for sine waves
from 10 to 150,000
<ps.

] |
3104 10 cycles to 100 microvolts to Some o3 3% below | MC
megocycles 100 volts Model 3028 5% above 1 MC
PRECISION SHUNT RESISTORS MULTIPLIERS

1300A

MODEL 220

BATTERY OPERATED DECADE
AMPLIFIER gives exact vol-
tage gains of 10 or 100,
permitting o corresponding
increase in voltmeter sensitivity
from 10 to 100,000 cycles.

13008

® All models have a single easy-to-read logarithmic

SENSITIVITY « ACCURACY - STABILITY

voltage scale and a uniform DB scale.

® The logarithmic scale assures the same accuracy at
l all points on the scale.

I  BALLANTINE LABORATORIES, INC

BALLANTINE pioneered circuity and manufacturing integrity assure the maximum in

® Multipliers, decade amplifiers and shunts shown

above extend range and usefulness of voltmeters.

amplifier.

For further information, write Jor catalog

BOONTON, NEW JERSEY,

PROCEEDINGS OF THE I.RE.

® Each model may also be used as a wide-band

March, 1951
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The A.N. CONNECTOR
TYPE mounting Is ap-
proved by the Army and
Navy as standard her-
metic seal termination
equipment. This type
of mounting is partic-
ularly adaptable where
shielded or cabled cir-
cuits are a necessity. Vi-
bration-proof mounting
with quick connect and
disconnect is insured.

R

GUARDIAN

Series 335 D.C.

RELAY

Approved —distinguished by spectacular performance in truck train
communications and thousands of flying echelons—The Guardian Series
335 D.C. Relay! Hermetically sealed or with conventional open and
special mountings, unit offers a wide variety of applications. Series 335
D.C, built to rigorous aviation standards, meets the 10-G Vibration Test
and the Mil-R-6106. Generous coil winding area permits single wind-
ings up to 15,000 ohms. Parallel and double windings available.

Maximum voltage: 220 V.D.C. Power requirement: Normal, 312 watts. Max.-resistance
standard unit: 12,000 ohms. Applicable to time delay attract up to .06 second and release
up to .01 second. Contact rating: Y " dia. silver, 12 amps. at 24 V.D.C. inductive load. Com-
binations up to 3 P.D.T. with 12 amp. contacts. Bakelite insulated, tested at 1500 V.—60 C.

B

'\V'

et
¥ 4

Y-

&

Series 30 A.C.

Series 210 A.C.—-215 D.C. Series 610 A.C.;bls D.C.

Series 220 A.C.

Series 595 D.C.

WRITE OR WIRE. .. FREE CATALOG, SPECIFIC RECOMMENDATIONS, NO OBLIGATION.

GUARDIAN\GWELECTRIC

1628-C W. WALNUT STREET CHICAGO 12, ILLINOIS

A COMPLITE LIME OF WELAYS SERVING AMIRICAN INDUSTRY

PROCEEDINGS OF THE [.R.E. March, 1951 45A




When vou specify Mallory Capac-
itors for television receivers or
other equipment where heat is a
problem, you can be sure they will
stand the test. Mallory FP Capac-
itors are designed to give long,
trouble-free performance at 85°C
—naturally they give even longer
service at normal temperatures.
In addition. Mallory FP Capacitors
are famous for their long shelf life.
Write for your copy of the FP
Capacitor Engineering Data Folder.

Precision Production
pays oﬁ again

in “shelf-life” demonstration

When a large radio and television manufacturer found
it necessary to fall back on a supply of two-year-old
capacitors, they found that every one of the Mallory
Capacitors was ready for immediate use — without
re-working of any kind. Because of the scrupulously
careful manufacturing methods pioneered by Mallory,
they were completely free of corrosion.

Mallory Capacitors have consistently set new high
standards of dependal)ility which far exceed normal
specifications.

That’s service beyond expectations !

P.R.MALLORY & CO. Inc.

P. R. MALLORY & CO., Inc., INDIANAPOLIS 6, INDIANA

SERVING INDUSTRY WITH

Electromechanical Products
Resistors
T34 Tuners

Switches
Vibrators

Electrochemical Products
Capacitors Rectifiers
Mercury Dry Batteries

Metallurgical Products
Contacts Special Metals
Welding Materials

PROCEFDINGS OF THE ILR.E. March, 1951
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GL-6019

See this great new G-E
power tetrode at the LR.E.
Show in New York, March
19 to 22. Or wire or write
for descriptive folder ETD-
152.ElectronicsDepartment,
General Electric Company,
Schenectady 5, New York.

GENERAL ¢ ELECTRIG
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There’s aTB@Pntent_iometer
for every application

RVP3*  High Precision machined  aluminum bo_u
Potentiometers . . “available in models for either linear
or non-linear functions with standard resistance values
up to 200,0000. Linearity to +0.19. Eleven gang
assembly shown — example of TIC's potentiometers
multi-ganged with TIC's adjustable clamp ring. Can be
supplied t0 meet various mounting rfequirements -—

Miniaturization of precision potentiometers is kee ing single hole, 3 tapped hole mounting or servo mounting
pace with the increase: eman or smaller assemblies as desired.

and compact design. Now you can minimize wasted
space with TIC's outstanding, new RY%* and RYI-1/16°

Miniature Potentiometers.

In spite of their thumbnail size the RYYp and the
RVI-1/16 are precision, high linearity variable tesistors,
(or adjustable trimmers) of high stability — achieving

Sine and cosine potentiometers
available in RVP3* and RV2* bases,

a standard of performance hitherto unavailable in such
miniature potentiometers.

Construction features include: precision machined aly-
minum base . . . low torque . . . all soldered connections
except sliding contacts . . . paliney contacts . . . can be
sealed (o withstand all bumidity, salt spray and altitude
specifications. Ganging if desited with 'IYIC adjustable
clamp ring.

RY%4* available with linear resistance elements only
+- nine standard resistance values from 100 to 25,000 ohms.
Power rating 6 waus ac 25°C. Ilustration shows RV’F.
with threaded bushing . . . servo mounting available
if desired.

RVI-1/18° available with linear or non-linear resistance
elements — nine standard fesistance values from 100 (o

Type RVI%®* and Ry2* High Precision
Potentiometers . .._scmi-s(andardized types
mnachined aluminum base poten-
tiometers with exceptionally high electrical
accuracy and mechanical precision. For
both linear and non.inear functions. De-
signed for precision instrument, computer
and military applications. Accurate phasing
of individual units possible with clamp-ring

d ing. . ! . .
50,000 ohms. Ilustration shows RYI-1/18 with 3 tapped method of ganging. Ball L) LD T
bfoi‘fe [no;n(mg + - - $€rvo mounting or threaded bushing

] sired.

Type RVTY Translatory Potentiometers

ac(ua(ed—by longitudinal insiead of
totary motion providing linear electrical
output proportional to shaft displacement.
Used as a position inaica(or, high amplitude
displacement type pickup and for studying
low frequency motion or vibration. Features
exceptionally high linearity and resolution.
Available in various lengths and resistance
values.

L

Tapped mounting inserts

Bronze bushing

Totally enclosed with cover

"Consfric'-O-Grip" clamping to shaft
—(no set screws)

Precious metal contacts

Silver overlay on rotor take-off slip ring

Type RV3® Bakelite Base Precision
Potentiometers . . . available in models for either linear or non-linear functions.
Stock resistance values fanging from 100 ¢o 200,000 S and power ratings
of 8 and 12 waus. 360° mechanical rotation or limited by stops as desired.
Potentiometers of this type available to widely varying accuracy requirements
(linearity t0 #0.25%,) — see TIC Bulletin RV3.250. Special models available
for high humidity applications.

TECHNOLOGY INSTRUMENT CORP.

31 Main Street, Acton, Mass,

Telephone: Acton &00

® Engineering Representotives
Cleveland, Ohio — PRospect 1-6171 Manhasset, N. Y. — Munhasser 7.3424
Chicago, HI. — UP(%\:n 8-1141 goonb(qré. N.M]. —_ Bool:\ion 8-3097
Rochester, N. Y. — Monroe 3143 ambridge, Mass. — ELiot 4-175] ; .
Canaan, Connlee (.angan 649 Hollywood, Cal, — HOllywood 9.6305 *Numbers refer to diameter of bases
Dayton, Ohio — Michigan 8721 Dallas, Texas — DlIxon 9918
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CLEVELITE and COSMALITE
PHENOLIC TUBING

Meets the Most Exacting Specifications!

ALSO USED WIDELY
BY MANUFACTURERS
OF ELECTRICAL
EQUIPMENT . . .

FOR ITS HIGH
DIELECTRIC STRENGTH
... LOW MOISTURE
ABSORPTION . . .
STRENGTH, LOW LOSS
AND GOOD
MACHINEABILITY.

AVAILABLE IN
DIAMETERS,

WALL THICKNESSES
AND LENGTHS TO
MEET ENDLESS
SPECIAL OR NEW
ADAPTATIONS.

INQUIRIES

ARE GIVEN
IMMEDIATE
ATTENTION.

ASK FOR SAMPLES

Radio Engineering Show ]
Gra0d Codirsl Polace

New
York
City

Our Booth
#1207

March 1922 195!

PROCEEDINGS OF THE L.R.E.
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A Grade for Every Need:
CLEVELITE
Grade E ... .... improved post cure fabrication and stapling.
Grade EX ... ... Special grade for TV deflection yoke sleeve.
Grade EE .. . ... Improved general purpose.
Grade EEX ... .. Superior electrical and moisture absorption
properties.
Grade EEE . .. .. Critical electrical and high voltage applications.
Grade XAX ... .Special grade for government phenolic specifications.
COSMALITE
Grade SP . .. ... Post cure fabrication and stapling.
Grade $S . .. ... General purpose.
Grade SSP . . . .. General purpose—punching grade.
Grade SLF . .. .. Thin wall tubing—high dielectric and compression
strength.

CLEVELAND PHENOLIC TUBING

THE FIRST CHOICE OF THE RADIO AND TELEVISION INDUSTRIES.
EXCELLENT SERVICE AND PROMPT DELIVERIES ASSURED.

% CLEVELAND €

6201 BARBERTON AVE.

PLANTS AND SALES OFFICES at Plymouth, Wisc, Chicago, Detroit, Ogdensburg, N.Y., Joamesburg, N.J.
ABRASIVE DIVISION ot Clevelond, Ohio
CANADIAN PLANT: The Cleveland Container, Conada, td., Prescott, Ontario

® Trade Marks

REPRESENTATIVES
NEW YORK AREA  R. T, MURRAY, 614 CENTRAL AVE, EAST ORANGE, N. J.

NEW ENGLAND R. 5. PETTIGREW & CO., 968 FARMINGTON AVE.
WEST HARTFORD, CONN

CANADA WM. T. BARRON, EIGHTH LINE, RR ¢], OAKVILLE, ONTARIO

49A



Trim Assembly Time
with the
Tube with the Tab

" ] - o |

Electronic Engineering — Life test rack
and emission test set. Checking Superior
assembled standard diodes under simu
lated customer conditions to determine if
material meets minimum requirements.

To guard against contamination by proc.
essing lubricants, Superior tubing i~
thoroughly degreased before each an-

® Superior’s pioneering in tubing
technology is constantly at work to
bring electronic manufacturers new

developments —to help them pro-
duce better equipment, faster. at
lower costs. Newest of these im-
provements is the integral tabbed
round lLockseam* cathode. It js
designed to eliminate a welding
operation, cut assembly time, and
provide superior performance.

These integral tabbed round
Lockseam*cathodes may be valuable

to vou . .. but whether thev are
or not one thing is sure. If vou
use Seamless or Lockseam* cath-
odes in your product a Superior
tube is available to do a Superior
job. Our research and engineering
facilities are ready at all times to
help solve yvour tubing problems.

For more information about
Superior Tubing and its possible
place in vour operation write to
Superior Tube Co.. 2500 German-
town Ave., Norristown, [’a.

Which Is The Better

SEAMLESS. .. ? The finest tubes that
can be made. Standard production is
010”7 to 121”7 O.D. inclusive. with
wall thicknesses of .0015" to 005",
Cathodes with larger diameters and
heavier walls will be produced to cus-
tomer specification.

*Mfd. under U.S. Pats.— SUPERIOR TUBE COMPANY e Electronic Products for export through Driver-

50a

For Your Product . ..

Or LOCKSEAM*, . . 2 Produced di-
rectly from thin nickel alloy strip stock,
010710 10077 0.D. in standard length
range of 11.5 mm to 12 mm. Round.
rectangular or oval, cut 1o specified
lengths, beaded or plain.

nealing operation.

>
-

Part of inspection procedure on Lock-

i

seam Nickel Cathodes as they come off
the production machine. Fach cathode
must undergo many rigid tests before

being approved.

5%

All analyses .010"" to %'’ O.D.
Certain onalyses (.035"" max. wall) Up to 1% O.D.

PROCEEDINGS OF THE LR.E.
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W TRANSFORMERS

MIL-T AND JAN PROJECTS

Today’'s complex electrical and electronic defense equipment
requires unfailing accuracy and dependability under extreme
conditions of humidity, heat, mechanical shock and other ad-
verse conditions. To meet those needs SOLA voltage regulators
can be provided in hermetically sealed housings which con-
form to defense specifications for grades 1, 2 or 3 hermetic
sealing. Splash proof design housings are provided for large

units where hermetic sealing is not feasible.

SOLA Constant Voltage Transformers were widely employed
during World War II wherever continuous precision perform-
ance of electrical and electronic units was mandatory. Typical
defense applications include: observation and fire-control,
radar, omni-directional ranges and other navigation aids,
X-ray equipment, flight and navigation trainers, and photo-
electric devices.

Often the precise voltage input upon which a device’s design
was predicated is nct available. Yet, input voltage level must
continuously meet design requirements for satisfactory per-
formance. You can guarantee optimum performance for your

unit by stabilizing input voltage with a SOLA Constant Volt-
age Transformer.

The engineers and sales representatives of the

Typical types of SOLA Electric Company will be glad to discuss

Hermetically £, - the application of SOLA Constant Voltage Trans-
Sealed SOLA W formers to your specific requirements. Your phone

’ 11 t i i ion.
Constant Voltage .y . call or letter will receive our prompt attention

Transformers - ) See the standord SOLA regulotors and many new
developments at Booth Number 21, L.R.E. Rodio
Enginecring Show in New York.

PROCEEDINGS OF THE I.R.E. March, 1951 Sia



SPECTRUM ANALYSIS FROM AF TO UHF

PANORAMIC INSTRUMENTS

PANORAMIC SONIC RESPONSE INDICATOR G-2
for Mare Accurate Frequency Response Measurement

Used with Model AP-I, the G-2 allows visual inspection of the
amplitude vs. frequency characteristic of systems in the range
between 40 and 20,000 cps. Ma‘ be used for research, develop-
ment or production line testing o frequency response characteristic
of amplifiers, speakers, filters, transmission lines, receivers.

The G-2 is advantageous for study of systems in which the pres-
ence of noise or non-fundamental components obscure or distort
the output at the exploring frequency.
® Calibrated log frequency scale
® Linear or log {60 db range) amplitude scale
® Slow, | cps sweep rate
® |0-step attenuator with 100 db range selects
output voltages between 50 microvolts and § volts
L] Jhulc-tlabl; ourput impedances; 100 ohms; 500 ohms; 3000
ohms

PANORAMIC SONIC ANALYZER, MODEL AP-)
Automatic Waveform Analysis in Only 1 Sécond

oumesnsane

Here is your answer for truly simple high speed analysis
of vibrations, harmonics, noises, acoustics and intermodula-
tion under static or dynamic conditions, AP-| automatically
separates and measures frequency and magnitude of com-
plex audio wave components.

SPECTRUM ANAI.YSIS r,:;?‘re‘;':""?e"%:"ge %ﬁ%?sogo‘;m, log scale
from AF to UHF B 1 R s s throughout” o

quency range
Presentations easily photographed or recorded. Can be cali-
brated for determining level of individual sound or vibra-
tional components.

with Easier-to-Use
PANORAMIC INSTRUMENTS

(;
i
)
(
)
(/

PANORAMIC ULTRASONIC ANALYZER, MODEL $8.7
A New Direct Reading Spectrum Analyzer

You'll collect data more quickly,
simply, objectively . . . with the
help of Panoramic instruments,
Unexcelled for laboratory, research
and production applications re-
quiring  spectrum or waveform
analysis,

An invaluable instrument for channel monitoring, tele.
metering, medical studies, and for investigating ultra-
sonic waveform content and ultra audible noises and
vibrations, the SB-7 allows overall observation of a
200KC wide band or highly detailed examination of
selected narrow bands,

Frequency Range: 2KC-300KC, linear scale
Scanning Width: Continuously variable, 200KC to zero
Amplitude Scale: Linear and two decade Log.
Input Voltage Range: ImV.50v

Spgttral coniponents are seen
graphically on a cathode-ray tube
as_sharp vertical reflections dis
tributed horizontally in order of
frequency. Deflection height di
rectly  indicates component or
signal level.

Whatever your problem—an
alyzing waveform distortions,
noises, characteristics of AM,
FM or pulsed signals, vibrations.
spurious oscillations or modula.
tion, response characteristics of

PANADAPTOR, SA-8 PANALYZOR $B-8

For RF Spectrum Analysis where Maximum
Resolution is @ “Must"

N ,/\//—\\/v’\_//’\\_/ N -

filters Of transmission lines or Available in several types with maximum scanning
monitoring many (requenr‘y chan- widths ranging from 200 KC to 10 MC, both the SA.8
nels simultaneously—you'll find and SB-8 feature. . .

a Panoramic analyzer to answer
your needs.

® Continuously Variable Resolution from 100KC to
100¢cps

® Complete Display of these
ond other Poncromic instry-
ments in operotion of the

® Synchronous and Non-synchronous Scanning
® Long Persistence Displays plus Intensity Grid Modu-
lation for Analysis of Pulsed RF Signals

® Continuously Variable Scanning Width from Maxi-
mum to Zero

IRE SHOW
BOOTH N-6

PANADAPTOR SA.3, SA.6 PANALYZOR $B-3, $B-6
For General RF Spectrum Analysis

Recognized as the fastest and simplest means of investi-

gating and solving such RF problems as frequency sta-

bility, modulation characteristics, oscillations, parasitics

and monitoring under static or dynamic conditions,

::-ese‘ n;od_els :re' available in over a dozen different

pes, designe 0 meet icul i

> Panadaptor units opeutevow e e

—
/

—

NG N AN NH

! with superheterodyne re-
::’nvz; which tune in the spectrum :ggment'tovbz o';-
veda.

PRODUCTS ne. @

WRITE TODAY FOR COMPLETE
12 SQUTH SECOND AVENUE. MOUNT VERNON, N v, SPECIFICATIONS AND PRICES.

$2a PROCEEDINGS OF THE I.R.E March, 1951




FERRAMIC M KTERI AL

A B ¢ ) € G " )
PROPERTY UNIT 34 90 159 216 174 254 419 141 472
ial garmedbing - 15 95 220 410 750 410 850 600 330
ot 1mc/sec
Maximum permeabllity - 97 183 710 1030 1710 3300 4300 1010 750
Saturation flux density Gauss 840 1900 3800 3100 3800 3200 3400 1540 2900
Residual magnetism Gavuss 615 830 2700 1320 1950 1050 1470 660 1600
Coercive force Qersted 37 30 2.1 1.0 0.65 0.25 018 0.40 .80
T | flicient
e:"p:;:'":rp:‘::‘m:i:‘w % /°(. 0.65 0.04 04 0.3 0.25 1.3 0.66 0.3 0.22
Curie point °C. 280 260 330 165 160 160 150 70 180
Volume resistivity Ohm-cm | 1x10° 2103 2x10° 07 4x10% | 1.5x108 | 1x104 2x10° -
Loss Factor:
ot 1 m¢/sec . R .000055
ot 5 mc/sec E / =
at 10 mc/sec E = =

.093 10,250

N BooTH 47
at the
IRE SHOW

P CENERAL

LAREBILE us BICOTITY COOPOBITIOS

CERAMICS ano STEATITE CORP.

- GENERAL OFFICES and PLANT: KEASBEY, NEW JERSEY
MAKERS OF STEATITE, TITANATES, ZIRCON PORCELAIN, FERRAMICS, LIGHT DUTY REFRACTORIES, CHEMICAL STONEWARE, IMPERVIOUS GRAPHITE

PROCEEDINGS OF THE I.R.E March, 1951 534




Renvon
TRANSFORMERS

for standard

and SpeC|a| For more than 25 years, Kenyon has led the
. . field in producing premium quality trans-
appllcahons formers. These rugged units are (1) engi-
neered to specific requirements (2) manufac-
tured for long, trouble-free operation (3) meet

all Army-Navy specifications.

Kenyon Transformers for

® JAN APPLICATIONS
® RADAR
BROADCAST
ATOMIC ENERGY EQUIPMENT

°

Y

Y
VISIT THE KENYON EXHIBIT . SPECIAL MACHINERY
°

BOOTH 56—GRAND CENTRAL PALACE
MARCH 19TH-22ND

AUTOMATIC CONTROLS
EXPERIMENTAL LABORATORIES

e oo KENYON TRANSFORMER €O., Inc.

840 Barry Street New York 59, N. Y.




__ WILBUR B. DRIVER =

WILBUR B. DRIVER COMPANY

150 RIVERSIDE AVENUE, NEWARK 4, NEW JERSEY

PROCEEDINGS OF THE I.R.E March, 1951




ELECTRONIC
INSTRUMENTS

Audio to Microwaves

e Sweeping Oscillators o Analyzers
e Marker Oscillators o Attenuators
e Frequency Meters o Reflectometers

Specialized Electronic

Instruments for
Civilian and Military
Uses
{

See the MEGA-LINE and the SONA-LINE

AS EXHIBITED AT THE-

Radio Engin;erih.g—Show
Grand Central Palace

|

_March 7537 1951

IF YOU ARE NOT ON OUR MAILING LIST, WRITE FOR OUR NEW CATALOG A5

I COMPANY !

14 Maple Avenve Pine Brook, N. J

Phone CAldwell 6-4000

56a




i 2 ‘ on OHMITE

livery
To get the best de .
components, tailor your needs

IS
resistanc - ndard” OHMITE items...

to these *'s

" HEOSTATS The Ohmite series of standard, close control
b rheostats is the most extensive available—so it is casy to
sclect a size to fit vour application. lhere are ten sizes, ranging
from 25 1o 1000 watts, with many standard resistance values
in each size. All models have the Ohmite all-ceramie construc-
tion, with winding permanently locked in vitreous enamel, and
smoothly gliding metal-graphite brush.

g A R The extensive range of Ohmite types and
sizes makes poesible an ahnost endless variety of standard
resistors to meet your needs. The Ohmite line includes more
than 60 core sizes, in a wide range of wattage and resistance
values. There are also 18 types of resistor terminals available.
Included in the standard Ohmite line are fixed, adjustable,
tapped. non-inductive, and precision resistors. Specially devel-
oped vitreous enamel pros ides years of unfailing performance.

TAE SWITCHE> Ohmite tap switches are supplied in five
standard models, rated at 10, 15, 25, 50, and 100 amperes,
a.c. They combine high current capacity and a large number
of taps with unusual compactness. Their sturdy, one-piece
ceramic badies provide permanent non-arcing insulation.
Their heavy silver-to-silver contacts have a self-cleaning
action and provide continuous, dependable contact with low
resistance. Ohmite tap switches are supplied in enclosed or
open, shorting or non-shorting types.

PRODUCTS

Ohmite offers an extensive line of standard pre-
cision, non-inductive resistors in 1%- and l-watt sizes, in
the standard type, vitreous-enameled type, or hermeti-
cally sealed in glass. They have an accuracy of +1%,.
Ohmite non-inductive vitreous enamcled resistors are also
available in standard 50-. 100-, and 160-watt sizes in a wide
range of resistance values. In addition, Ohmite provides radio-
frequency plate chokes, power line chokes, and dummy antennas.

Wnite on COMPANY

LETTERHEAD FOR CATALOG
AND ENGlNEERlNG
MANUAL NO. 40

@) HIMNIBIRE

RHEOSTATS o RESISTORS « TAP SWITCHES

4



| neileleor
ORS TO RECEIVE A
ﬁ oN‘“AC‘ s PRODUCTION
U7 gk e SAMPLE
GOVERNN\ W

BUILT TO YOUR SPECIFICATIONS

WE WII.I., without cost or any obli-

gation whatever, design a PRODUCTION
SAMPLE transformer (hermetically
g::cgn: NOL"Swsz; sealed to JAN-T-27 or MIL-T-27 Gov-
46 D42|9:ss y ernment specifications), or open type con-
'NPUT TRANS, struction, if unit is to be used for awarded
prime or sub-contract work. Our approach
E 2 IO stresses quality of product, efficiency in
3 service and an alertness to techniques
5 10 that discard the old for more functional

FR 400  4000.cy methods.

HIPOT 500V RMS : . ﬁwzﬂgﬂw/@%

PRESIDENT

SEND YOUR
B/P
SPECIFICATIONS

TRANSFORMER

C ORP ORA AT 1
2734 N.PULASK] ROAD -« CHICAGO 39, ILLINOIS
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OVER 50 YEARS

PROCEEDINGS OF THF I.RE.

If you use the 8 8 o

you will get
BETTER PERFORMANCE

LOWER OPERATING COSTS
and LONGER LIFE . . .

THE ML-5658 is an improved and directly

interchangeable version of the widely used 880.

Designed originally as a better, more rugged tube
for electronic heating equipment, it has since
found extensive use in the high power broadcast
field and in such exacting applications as cyclo-
tron and synchrotron oscillators.

The ML-5658 incorporates in its design many
of the outstanding features developed by Machlett
Laboratories for all its industrial tubes. Typical
of these design and process improvements which
have given broadcast and industry better, more
dependable tubes are:

1. Kovar-to-glass seals. The elimination of the
inhierently weak feather-edged copper seal
—increasing seal strength and providing
greater stability of the internal electrode
structure.

2. An improved, stress-free, self-supporting
filament structure which substantially elim-
inates filament distortion, provides uni-
form filament emission throughout tube
life and reduces the complexity and the
hazards of the older spring-supported fila-
ment construction,

Export Distributor

OF ELECTRON

March, 1951

TUBE EXPERIENCE

ML-5658

3. A unique pre-exhaust treatment of all parts
and the thorough, high voltage exhaust of
cach tube on Machlett's special high volt-
age, high temperature exhaust system.*

These, and many other improvements in tube
design and processing, provide for every installa-
tion which uses or contemplates the use of an 830
type tube, a far more rugged longer lived tube in
the ML-5658. It will directly replace the 880 with
no electrical or mechanical changes and will pro-
vide better performance, longer tube life and more
economical operation.

The ML-5658, like other Machlett industrial
tubes, is available with the Machlett automatic
seal water jacket.t This new jacket eliminates the
use of tools and the hazard of tube breakage and
water leakage. The jacket cannot be opened unless
the water pressure is off, nor closed unless the
tube is properly installed. ‘

Complete technical data on both tube types is
available upon request. Write direct to Machlett
Laboratories, Inc., Springdale, Connecticut.

* Patent No. 2,324,559. + Patent applied for.

Machlett Industrial and Broadcast Tubes
will be exhibited at the 1951 LR.E. Show

Booth 96-97

59a
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SPECIAL NOTICE TO

FORMICA' CUSTOMERS

Formica's complete fabricating facilities — including
punching, turning, milling, routing, drilling, threading
and special machining — are available for the production
of your laminated plastic parts. This specialized Formica
service will save you time and money, and will free your
machine shop for other work.

Formica’s machine shop is equipped to do the job
fast and economically — but above all, it must be accurate
or it d(:esnt get past our inspectors,

’,;’/' If you use Formica laminated plastics, be sure 10

\‘2‘: /A- get the additional benefit of Formica’s fabricat-
o a5aos ing service. For complete information, send to-
wday for new catalog . . . use coupon below:.

Productive
THE FORMICA COMPANY

4698 Spring Grove Ave., Cinti 32, 0.

FORMICR

ot Work in Industry

Gentlemen:

Send me complete information on
Formica and Formica's fabricating facilities

NAME
COMPANY

ADDRESS

' What to see at the
} Radio Engineering Show

(Contiviued from puge 274)

Firm Booth
|

Hugh H. Eby, Inc, Philadelphia, 1 346

Radio, television, and electronie comy

nents

Eitel-McCullough, Inc., San Biuno Lif 36
New transmitting type vacuum tubes for
CW and pulse services, including  the
AW20,000A power tetrode capable of 20 kw
peak output in TV service on channe) |

Electric Motor Corp., Division of Howard
] Industries, Inc., Racine, Wi 221
| Represented by Wally Swank

Electrical Industries, Inc., Newark, N.J 212
Hermetic Seals, glass-to-metal sealed 1oy
migals and multiple headers for her
metically  sealing transformers, relay
guided missiles, and electronic cquipment

in general,

Electrical Reactance Corp., Franklinville

N.Y 63
Hi-Q ceramic capacitors, trimmers, choke
coils, wire wound resistors

Electronic Associates, Inc., long Branch
N 98, 99
Plotting boards, precision recording of X

vs Y etc, on the “Variplotter Models'

258 and 205C, sccondary time standard

UHE generating equipment, function ge

€rating equipment, sinc-cosine potentiome

ters to specification, and introducing a

automatic curve follower which will follow

a previously drawn or plotted line to an

approximate accuracy of one tenth of one

percent of full scale

Electronic Instrument Co. Inc., B:

N 362
Testing and measuring equipment, [
Multi-Analyst clectron tracer

Electronic Measurements Co., Eatontow:

N.J. N-4
Power supplics, voltage regulated output
types.

Electronic Mechanics, Inc., Clifton N.J. I
Glass boaded mica (or) “Mykroy” also
“Teflon,” and “Kel-F." We mold, extrude
and fabricate the above,

Electronic Tube Corp., Philadelphia, Pa. 274, 275
Model H42A Strainalyzer, an improved
four channel cathode-ray dynamic strain
recorder.  Cathode-ray tubes, multi-gur
standard, and special purpose. Oscillo
scopes, cathode-ray multi-channel. Amph
fiers, dc. Electronic equipment, special de

sIgn

El-Tronics, Inc., Philadelphia, Pa. 379
Nuclear measurement equipment,

Empire Devices, Inc., Bayside, L.I., N.Y. 349
UHF impulse generator, controlled im
pulse, less than 0.001 microsccond, flat t

1,000 Mc. Resistive attenuators and term
nations of Jow VSWR to 4000 Mc. Noise
and field intensity “meter, 20 to 400 Mc in
corporating standard impulsc noise source
slideback and meter indication, true peak
measurements. Broadband VHF and UHF
crystal mixers

Engineering Research Associates, Inc,
St. Paul, Minn 304
Magnetic storage systems

Erie Resistor Corp., Erie, Pa L}
Erie Ceramicons, ceramic trimmers, but

ton silver mica capacitors and electronic
sub-assemblies

Fairchild Camera & Instrument Corp,,

Jamaica, L.I., N.Y 238, 239
Precision linear and non-linear potentiom
cters. Oscillo-record cameras, Fairchild
Polaroid oscilloscope cameras

Federal Telecommunication Laboratories,
Nutley, NJ . 34
Electronic test equipment,
Federal Telephone & Radio Corp., Clifton
N.J.
Transmitting, industrial, and rectifier
tubes, TV picture tubes, selenium recti-
fiers, high frequency caf)les, and mobile
radiotelephone equipment

(Continued on page 126A4)
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RED BANK DIVISION OF
BENDIX AVIATION CORPORATION

RED BANK, NEW JERSEY

Export Sales: Bendix Internatienal Division, 72 Filth Avenas, NY.WNTY,

Write for this colorful and informative book
: —it's free. You'll find it loaded with facts
- and figures about all types of dynamotors.

PROCEEDINGS OF THE LR.E. March, 1951

are made for the Job!

Whenever DC power is required at other than the supply
voltage, Bendix* Specialized Dynamotors function as DC
transformers. They can be wound for any input or output
voltage between 5 and 1200 volts, and they can deliver
power up to 500 watts. Multiple outputs can be supplied to
correspond with several secondaries on transformers, and
their output voltages can be regulated within close limits
regardless of input voltage or load variations. Bendix
Specialized Dynamotors are tailored to the exact require-
ments of each application by the design of the windings used
in standardized frames. This reduces the cost, size and
weight to an absolute minimum, consistent with the oper-
ational requirements. Compliance with Government speci-
fications is assured by the choice and treatment of materials
and the basic design. A complete description of your require-
ments will enable our engineers to make concrete recommenda-
tions . . . All orders are filled promptly and at moderate cost.

#REG. U. S, PAT, OFF,

REL @ANK

DIVYSION

AVIATION CORPORATION

6la




ACCURACY AND FLEXIBILITY WITH
NEW WATTMETER BRIDGE

Another addition to Sperry’s complete line of microwave test and
measuring equipment, Microline, is a new highly-accurate Wattmeter
Bridge. Model 123B is extremely versatile and will not be made obsolete by
future requirements in bolometer operaling resistance.

» With accuracy to which power dissipated in the bolometer element can
be measured to £ 3% of the full scale reading. this meter is capable of
operation with either thermistor or barretter. This is possible by the
sclection of the proper plug-in unit (listed in table at right)

» Model 123B is calibrated in both milliwatts and DBM. Five power
ranges are available 0-0.1, 0.3, 1.0, 3.0 and 10.0 milliwatts. Pulse power,
as well as c-w power, can be measured with this bridge and

appropriate bolometers.

» Write our Special Electronics Department for further details,

GYROSCOPE Company

...........I....................

.
OIVISION OF THE SPERRY CORPORATION, GREAT NECK. NEW YORK - CLEVELAND . NEW ORLEANS - NEw YORK

62A

R
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Model 123B Wattmeter Bridge is supplied with

ony one of the following plug-in units

2008 for 200 ohm barretter operation
1258 for 125 ohm borretter operation
200T for 200 ohm thermistor operation
135T for 135 ohm thermistor aperation
1007 for 100 ohm thermistor operation
Visit our booths 57-58-59 at the Radio Engi-

neering Show, March 19.22,

LOS ANGELES -

N

SAN FRANCISCO -

I.R

A

-



DAVEN TRANSMISSION
MEASURING SET 7A

Equipment specially designed for use by utilities,
telephone and power companies. May be directly
applied to measuring gains or losses through ampli-
fiers, repeaters, attenuating networks or communi-

cation lines.

TRANSMISSION SECTION
GENERATED FREQUENCIES: 500, 1000, 2500

cycles per second.
OUTPUT LEVEL: —13, 0. 4+4 and +10 dbm.
INPUT and OUTPUT IMPEDANCE: 600 ohms
over entire frequency range.

RECEIVING SECTION

FREQUENCY RESPONSE: Within +1.0 db
from 50 to 15.000 cps.

AMPLIFICATION RANGE: —10 to +30 db in

2 db steps.

, / DAVEN TRANSMISSION
: Nof only is the Daven Company the largest MEASUR!NG SET lln

supplier of transmission measuring sets but it . i
PP 9 g A moderately priced instrument for broadcast

is also a source for every needed type of in- equipment. A simplified, accurate, direct reading
instrument, designed to make measurements in

accordance with FCC regulations.

strument for the measurement of the transmis-

sion characteristics of communication systems.

It furnishes units to check all types of broad- FREQUENCY RANGE: 20 CY to 20 Kc.

cast equipment and audio devices for com- ACCURACY: *0.1 db, 20 CY to 20 Ke.
. ) p RANGE OF LEVEL:

mercial and industrial use as well as for + 4 to —110 db

organizations such as utilities, telephone and —10 to —124 db

power companies. Therefore, whatever your APPLICATIONS:

requirements are in this field, write to Daven (a) Audio gain and loss measurements.
(b) Measurements of matching and bridg-

for complete catalog ma- : :
ing devices.

terial, and outline your (c) Complex circuit measurements.

(d) Measuring mismatch loss.

(e) Frequency response measurements.

in steps of 0.1 db.

own particular problems for
specific assistance from our
engineering staff.

VEN- ]
THE A :
EWARK 4, NEW S - sgll |

ENVE = the [.RE- SHOW N O%

[ ]
\")
\ \95% CENTRA\- A Visit Daven at d 95.

Booths 94B "



Aircraft Electrical
Wires & Cables

FOR POWER . LIGHTING
INSTRUMENTS - ELECTRONIC EQUIPMENT

Lenz is producing electrically insulated wires,
cords and calles of many tvpes for Military

Equipment, under approved Government Spe-
cifications. with for

Hook-Up Wires and Special Cables
for Aircraft Electronic Instruments

Withitsextensive facilities and expert knowl- B Goppor Coptition sPeiarinstramelits

edge. gathered over almost a half century of  Extruded Plastic Insulation Electrical

i 1 call fac . Instruments
wire and cable manufacture for the communi- Cotion 'on Ol Brais Comtied
cations industrv, Lenz s vour id . Radio Receivers
. & . 7 cal source for Color Coded as desired
special and standard wire and cable products. Radio Transmitters
a3 < . . i 4 » Saturant and Lacquer Coating
COHSUh‘l“o" on your re quirements js nvited! ¢ontaining Fungicides Fuselage Wiring
EAR OF SUCCEss
15 47th Y Fug
Now gnsoving ! Bus,,
&
Ss
—

LENZ ELECTRIC MANUFACTURING coO.
LZAA~,I75,I North Western Avenue

Chicago 4?( “llllno'is o :

3
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ULTRA COMPACT UNITS...OUNCER UNITS

HIGH FIDELITY. ... SMALL SIZE.... FROM STOCK

UTC Ultra compact audio units are small and light in weight, ideally suited to remote amplifier and
similar compact equipment. High fidelity is obtainable in all individual units, the frequency response
being == 2 DB from 30 to 20,000 cycles.

True hum balancing coil structure combined with a high conductivity die cast outer case, effects good
inductive shielding.

Type Secondary List
No. Application Primary Impedance Impedance Price |
A-10 Low impedance mike, pickup, SO, 125/150, 200/250, 50 ohms $15.00
or multiple line to grid 333, 500/600 ohms
a-11 Low impedance mike, pickup, 50, 200, 500 50,000 ohms 16.00
or tine to 1 or 2 grids (multiple alioy shields for low hum pickup)
A-12 Low impedance mike, pickup, 50, 1257150, 200/250, 80,000 ohms overall,
or multiple line to grids 333, 500/600 ohms in two sections 15.00
A-14 Dynamic microphone to one 30 ohms 50,000 ohms overall,
or two grids in two sections 14.00
A-20 Mixing, mike, pickup, or mul- 50, 125/150, 200/250, 50, 125/150, 200/250,
tiple line to line 333, 500/600 ohms 333, 500/600 ohms 15.00
A-21 _mixing, low impedance mike, 50, 200/250, 500/600 50, 200/250, 500/600 16.00
pickup, or line to line (multiple alloy shields for low hum pickup
A-16_ Single plate to single grid 15.000 ohms 60.000 ohms. 2:1 ratio 13.00
A-17 Single plate to single grid  As above As above 15.00
8 MA unbalanced D.C. / {
A-18 Single plate to two grids. 15,000 ohms 80,000 ohms overall, |
Split_primary 2.3:1 turn ratio 14.00 I
A-19 Single plate to two grids 8 15,000 ohms 80,000 ohms overall, !
MA unbalanced D.C. 2.3:1 turn_ratio 18.00 YPE A CASE A
A-24 Single plate to multiple line 15,000 ohms 50, 125/150, 200/250, LALS :
333, 500/600 ohms 15.00 127 x 12" x 2" high
A-25 Single plate to multiple line 15,000 ohms 50, 125/150, 200/250,
8 MA unpalanced D.C. 333, 500/600 ohms 14.00
A-26  Push puil low level plates to 30,000 ohms 50, 125/150, 200/250, .
multiple line plate to plate 333, 500/600 ohms 15.00 M
A-27 Crystal microphone to mul- 100,000 ohms 50, 125/150. 200/250, Bl
tiole line 333. 500/600 ohms 15.00

A-30 Audio choke,250 henrys @ 5MA 6000 ochmsD.C..65 henrvs @ 10 MA 1500 ohmsD.C. 10.00
A-32 Filter choke 60 henrys @ 15 MA 2000 ohms D.C., 15 henrys @ 30 MA 500 ohmsD.C. 9.00

UTC OUNCER components represent the acme in compact quality transformers. These units, which weigh
one ounce, are fully impregnated and sealed in a drawn aluminum housing %" diameter ... mounting
opposite terminal board. High fidelity characteristics are provided, uniform from 40 to 15,000 cycles,
except for 0-14, 0-15, and units carrying DC which are intended for voice frequencies from 150 to
4,000 cycles. Maximum level 0 DB.

Type
No. Application Pri. Imp. Sec. Imp.
0-1  Mike, pickup or line to 50, 200/250 50,000 $13.25
1 grid 500/ 600
0-2 Mike, pickup or line to 50, 200/250 50,000 13.25
2 grids 500/600
0-3 Dynamic mike to 1 grid 7.5/30 50,000 12.00
0-4 _ Single plate to 1 grid 15,000 60,000 10.50
0-5  Plate to grid, D.C. in Pri. 15,000 60,000 10.50
& 0-6__ Single plate to 2 grids 15,000 95,000 12.00
0-7 Plate to 2 grids, 15,000 95,000 12.00
0 D.C. in Pri
‘é’;gm -8 Single plate to line 15,000 50, 200/250, 5007600 13.25
: ) 13 ) 0.9 Plate to fine, D.C. in Pri. 15,000 50, 200/250, 500/600 13.25
7" Dia. x 1Vs” high 0-10 Push pull plates to line 30,000 ohms 50, 200/250, 500/600 13.25
plate to plate

0-11_ Crystal mike to line 50,000 50, 200/250, 500/600 13.25
0-12_ Mixing_and_matching 50, 200/250 50, 200/250. 500/600 12.00
0-13 Reactor, 300 Hys.—no D.C.; 50 Hys.—3 MA. D.C., 6000 ohms 9.50
0-14 50:1 mike or line to grid 200 12 megohm 13.25

10:1 single plate to grid 15,000 1 megohm 13.25

150 VARICK STREET . NEW YORK 13, N. Y.

7. NEW YORK 16, N. Y., CABLES: "“ARLAB"



enﬁen pPresents...
G-610 TRIAXIAL

a NEW loudspeaker which for the
first time spans the full
frequency range of the ear!

A new, skillfully integrated combination of
three independently-driven unigs . . two
compression driver and horn combinations, plus
heavy-duty direct radiator . . . wicl 3-channel
clectrical crossover and control network | . .
achieving the widest frequency range and

finest reproduction ever attained!

Write for Data Sheets 160 and 152 which describe the G-610 and otver Genuine Jensen Wide Range Speakers.

JENSEN MANUFACTURING COMPANY Division of the Muter Company

6617 So. Laramie Ave., Chicago 38, POrtsmouth 7-7600 . Conada: Capper Wire Products, L1d,, 351 Carlew Toronto

R PROCLELDIN




“ow e o o custom ftransmitters

from prefabricated assemblies

You can now get the benefit of production line
economies in a new Collins series 430 one or two
kilowatt communications transmitter tailored for
your specific requirements.

Completely constructed RF, power supply, and
modulator components of new design are available
for integrating in different combinations, forming
finished transmitters to fulfill all requirements of
ground-to-plane, shore-to-ship and point-to-point
systems. The frequency range of these transmitters
is 2 to 30 megacycles.

RF units can be supplied with or without Auto-
tune* control. Manual tuned RF units may be
worked in multiple to provide a multiplicity of
fixed tuned instantly selectable channels or simul-
taneous transmissions on two or more frequencies.

Among the combinations available are the Type

IN RADIO COMMUNICATIONS, IT’'S . . .

431D one kilowatt, ten channel CW-FSK and
phone autotuned transmitter illustrated here. It is
made by combining a 507A-1A RF unit, a 506A-1
power unit, a 508A-1 power unit, a 509A-1 modu-
lator unit, a 2-bay cabinet and a 1 KW blower.

Another combination, not illustrated, is the
Type 434B-1 one KW, two simultaneous-channel
CW-FSK only, manual tuned transmitter, which is
made by combining two 507A-1 RF units, two
506A-1 power units, a 508A-1 power unit, a 2-bay
cabinet, and a 1 KW blower. Several other combi-
nations are available, one of which is certain to
satisfy your exact needs.

Final assembly, and testing, may be accomplished
at the Collins plant or at the installation site. We
will be glad to give you details about the 430 series
transmitter to fulfill your own requirements.

*Reg. U.S, Pat. Off.

[COLLIN

COLLINS RADIO COMPANY, Cedar Rapids, lowa

11 West 42nd Street, NEW YORK 18

4

2700 West Olive Avenue, BURBANK

PROCELDINGS OF THE ILR.E
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A New Kind of Television
R.F. Tuner...Combining
the Best Features of &
Rotary and Turret

Type Tuners !

IMPROVED HIGH FREQUENCY PERFORMANCE The DX Rotorette is a radically new design of tur-

* High and substantially uniform gain on all channels. ret SWi[.'-h tuner having an extremely IOV.V tqrque-

* Good image rejection and adjacent channel attenua. ~ The switch sclects a completely tuned circuit for
tion because of rigid tracking and bandwidth control cach channel. Having undergone an extensive
in manufacture. period of laboratory development and field per

¢ Excellent noise factor, low oscillator radiation and formance testing, the Rotorette assures “‘“"l.’le per
temperature compensated colpitts circuit for oscilla- formance at an unusual!y lo?v cost. Your inquiry
tor stability. will bring complcte engineering data.

¢ Adaptable to U.H.F.

¢ Output dcsigned for single or dual I.F. channel “Patents Pending und Applied For.
operation.

Other fine DX components include
Detlection Yokes, Horizontal Output
Transformers, Ion Traps, Speakers, R.F.,
LF., and Oscillator Coils, Special Trans-
formers, Filters and Focus Coils.

SEE US IN BOOTH 345A
AT THE I. R. E. SHOW

DX TOROID COILS

Special toroid winding equipment has  for inductances and Q values. DX
been developed over a period of ten  Toroids and filrers are available in
years by DX engineers. A wide fange open, cased, potted or hermetically
of sizes from 33" t0 12” in diameter scaled types. Send us your specifica-
can be wound to your specifications tions for quotation.

DX RADIO PRODUCTS ¢0,  Geuily WK

“the heart of a good television

GENERAL OFFICES: 2300 W. ARMITAGE AVE., CHICAGO 47, 111, eel

PROCEEDINGS OP THE L.R.E. March, 1951
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‘TRANSFORMERS & INSTRUMENTS

NO. 1110A INCREMENTAL
INDUCTANCE BRIDGE

10 COMPARISON BRIDGE
RAPID TV PARTS TEST
H! FIDELITY
1/, DB 20-30000 CYCLES

TOROIDAL INDUCTORS
60 CPS. TO | MC.

@

POWER TRANSFORMERS '

10. 1030 LOW FREQUENCY
“Q" INDICATOR

FOR ACCURATE TESTING OF TELEVISION AND COMMERCIAL QUALITY
NO. 1140 NULL DETECTOR COMMUNICATION COMPONENTS UNDER
AMPLIFIER MODEL LOAD CONDITIONS.

This bridge has an impedance range of one millihenry
to 1000 henries in five ranges. The inductance values
are read directly from a four dial decade and multi-

'L NO. 1180 AC. SUPPLY plier switch. Range of this instrument can be extended
"1 VOLT TO 100 VOLTS to 10,000 henries through the use of an external
AT 60 CYCLES resistance.
- The inductance accuracy is within plus or minus HERMETICALLY SEALED

Pt — = )

TO MEET MIL-T-27 SPECS.

1% through the frequency range from 60 to 1000
cycles. For the largest multiplier at 1000 cycles. the
‘ accuracy of the bridge is decreased to 2%. 60 or 50
| cycles line frequency is generally used with this bridge.

On the 1000 henries range, the D.C. is limited
to 20 MA. On the 100 henries range the D.C. is limited

©)
@

g ) to 200 MA. On dll lower ranges, the current can be
one ampere maximum.
o e L bk VISIT US—Booth 103, March 19-22 I A s

DIRECT CURRENT UP TO T Badh g Ll g HERMETICALLY SEALED
500 MA e Radio Engineering Show TRANSFORMERS

I |



IT'S INTERESTING...DIFFERENT...INFORMATIVE

featuring an All-Star Cast including:

MYCALEX 410 The most versatile and nearly perfect insulating material yet
developed for the electronic industry, meeting all the requirements for Grade L-4A,
and fully approved as Grade L-4B under Joint Army-Navy Specification JAN-1-10,

MYCALEX 410X The leadless formulation that can be injection molded to

extremely close tolerances.

MYCALEX 400 Low-loss sheet insulation fully approved by the Army and
Navy as Grade L-4 insulation under Joint Army-Navy Specification JAN-1-10.

MYCALEX K A complete series of capacitor dielectrics available in sheets, rods
and molded parts to order.

Admission free — no waiting — no standing!

For an interesting and informative 22-minute
entertainment, in full color, be sure to drop-in at the
MYCALEX THEATRE at the LR.E. Show. You’ll
see the entire story of how MYCALEX, the low cost,
high efficiency dielectric is manufactured and
fabricated from raw material to finished product,
and how it can be used in your applications.

This film is particularly timely and significant

in view of the current acceleration in the electronic
field. Anyone, even remotely interested in dielectric
materials, will benefit by and enjoy seeing this
really remarkable film. We’ll be looking for you'!

SINCE1919

Owners of '"MYCALEX' Patents and Trade-Marks
ACTEITT IV S I-LA
Executtve

TRADE MARK REG US. PAT OFF 0ffices: 30 Rockefeller Plazo, New York 20 « Plant and General Offices: Clifton, New Jersey

70A PROCEEDINGS OF THE I.R.E March, 1951




- e )

T - o CAC AL )t Ty
et s o > I‘»'.“I})"ws

r e A= W N 2 ' ';;"‘F'ff
NEW AND HIGHER RATINGS FOR

RAYTHEON CK5702/CK605CX

SUBMINIATURE TUBES

3. Fatigue tested the same as

Militqry Ruggedized tubes 2.56 for 96 hrs

This chart gives you at @ glance the characteristics of rep ive Raytheon Subminl e Tubes \
Type No. Somarks Manimom  Morimus Floment Conduct:  Power TYRCAL OPERATING CONDITIONS
Diameter Leng™ Or Heoter once Owpu Pote Screen Geld

HEATER CATHODE TYPES Inchet nches  Voin Mo, vmhor mw Voiny Ma. Voits Mo, Voin
CKX5702/CR805CK Charodterivtits of HAKS 0.400 V.5 6.3 200 3000 120 7.5 120 2.3 =200
CK3$703/CK608CK Triode, UHF Owxcillotor, % waths ot 500 Mc 0.400 1.3 6.3 200 3000 120 9.0 =220
CK5704 /CK608BX Diods, equivolent o one-holf HALS 0.315 1.5 6.3 150 150ac 9.0
CRS744/CK819CK Triode, High mu. 0.400 1.5 6.3 200 4000 250 4.0 o~ 3500
Cxs7e4 Choraderntics of 6ASS 0.400 1.5 6.3 200 3200 120 3.2 120 3.5 «2.0
CKs829 Simidor 10 SALS 0.30020.400 1.5 6.3 150 1170 5.0 per iaction
[< $1121 Holf Wave Rectifier 0.400 1.7% 6.3 300 43 Inverie peok 830 volh
FILAMENT TYPES
1AD4 Shialdad RF Pentode 0.30010. 400 13 1.28 100 2000 45.0 2.8 45.0 0.8 Rg=2meg
CKS7IAK 10 =0 fdament Elecromates Tube, 0.285.0.400 1.3 1.28 10 1.6t 10.5 0.20 Teiode Com, -1.0

g = 2110 amps. moa.
Cxs73ax Toode, High-Freq. Oxc 0.30010.400 1.5 1.28 200 2000 90.0 1t.0 -4.0
CKS74AX Shielded Pantode RF Ampldiar 0.29010.390 1.28 0.625 20 180 22.8 0.128 22,3 0.04 -0.623
CKxss72 Owput Pentode 0.28510.388 1 128 30 630 63.0 67.3 3.28 67.3 1. ~6.5
CKS676/CKS38AX  Trinde, UHF Owdiator 0.30050. 400 1.3 1.28 120 1600 135.0 4.0 3.0
CKR5677 /CKS8EAX Triode, UHF Oscillotor 0.300:0.400 s 1.23 60 630 135.0 1.9 ~6.0
CK35670/CX569AX Shielded BF Pentode 0,30010,400 1.518  1.2% 30 1100 87.5 1.0 67.3 0.48 o
CK3697 /CKSTOAX  BHechometer Triode Max. grid current

3110-%* omps. 0.28310.400 1.28 0.62% 20 1.5¢ 12.0 0.22 -3.0
Cxs7es8 High voltoge rectifier 0.30010.400 t.3 1.28 15 0.1 lrewie peak 3500 voits
VOLTAGE RIGULATORS
Cks703 Voltage sefarence tube — like 5651 0.400 1,625 Operoring voltage 87. Oparoting twreni sange 1.3 10 3.5 ma,
cxs7e? Voltage reguotor 0.400 2.06 Operating voltage 100, Operating twrent tange § 10 25 mo.

\ « ® =~ ® {Voitags Galn Re'o. ‘
" Visit Raytheon's Booth No. 13, I.R.E. Radio Engineering Show, Grand Central Palace, N.Y.C. ﬁ

RAYTHEON MANUFACTURING COMPANY
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For civilian and military electronic designs
receiving tubes offer

FLEXIBILITY--RCA preferred-type re-
ceiving tubes are chosen for the advan.
tages they offer from engineering and
equipment production viewpoints.
They cover an extremely wide variety
of tube applications in civilian and mil.
itary equipment...and offer the engi-
neer flexibility in circuit design.

PERFORMANCE— These types have
demonstrated their reliability in equip-

1
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THE FOUNTAINHEAD OF MODERN TUBE DEVELOPMENT 1S RCA

Performance -Proved in adive duty
_\

ment of widely divergent designs.
Proved in service, they are the logical
types for future designs.

ECONOMY — This group of 44 tube
types represents more than balf of
RCA’s current receiving tube volume,
By concentrating production on these
few types having wide application, sub.-
stantial savings are realized in manufac-
turing costs which are passed on to

. . . RCA preferred-type
these important advantages . . .

customers . .. and quality and perform-
ance capability are sustained at a high
level.

STANDARDIZATION—By concentrat-
ing on RCA preferred receiving-tube
types, the equipment manufacturer also
benefits by his ability to standardize on
component parts . . . resulting in sub-
stantial purchasing and stocking econ-
omies.

RADIO cORPORATION of AMERICA

ELECTRON TUBES

NARRISON, N. 2,
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Chairmen of Recently Formed IRE Sections

Palmer H. Craig

Mi1amI SkcrioN

Palmer H Craig, Chairman of the Miami Section, was born on
January 10, 1901 a¢ Cheviot, Ohio. He was graduated with honors
from the University of Cincinnat; in 1923 with the B.A. degree, and
received the M.A. d« gree in 1924 and the Ph.C. degree in 1926.

D_r.. Craig, who has had w ide experience as a teacher, research
physicist, and consulting engineer, has been affiliated with the Unj.
versity of Florida a: { the department of electrical engineering.

arch Laboratory of the University

4 y f engineer of radio station WRUF

at Gainesville. He was also radio supervisor of the State of Florida

under the Federal E.S.M.W.T program.

" P!{)e is prcs{ently director of Electronics Research Laboratory,
as been professor of engineering of the Universit iami

Gables, Fla., since 1947, : o ey, Gl

Mr. Craig is also a member of the American Physical Society
the American Society for Lngineering Education, and a Fellow ot:
the American Institute of Electrical Engineers. The inventor of
many electronics devices, he holds Numerous patents, and 1s a
registered professional engineer.

head

Robert E. Moe

EVANSVILLE-OWENSBORO SEcTION

Robert E. Moe, Chairman of the recently formed Evansville
Owensboro Scction, was born in Appleton, Wis., on April 2
1912. He was graduated from the University of Wisconsin in 193.
with the B.S. degree in electrical engineering.

Mr. Moe joined the General Electric Company in May, 1934, a
a student engineer, and was transferred to the recciver engineering
department in Bridgeport in 1935, with assignments in componen
engineering, broadcast and television receiver design, and from 194}
to 1944, in government radar design.

He was in charge of design activities on radar receivers and indi.
cators for the Government division of the Electronics Department at
Syracuse, N. Y., from 1944 to 1948, and assumed his present duties as!
division engineer in the receiving tube division in January, 1949,

Mtr. Moe has held office in two other IRE sections, the Connecti-
cut Valley Section and the Syracuse Section. He has served on the
Papers Review Committee for a number of years.

He is a member of Eta Kappa Nu and Tau Beta Pi, and is regis-

tered as a professional engineer in the States of New York and Ken.
tucky.
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| One of the major accomplishments of communication engineers, and a most spectacular and
valuable achievement, is television broadcasting. Its problems, genesis, status, and potentialities
are capably analyzed in the following guest editorial by the President of the Television Broad-
casters Association, the Vice-President of WOR-General Teleradio, and a Fellow and former
Director of the Institute.—The Edstor.

The Tide of Television
J. R. POPPELE

The arrival of television as a full-blown industry must come as a source of great satisfaction to the
engineering fraternity. Like telephony, wireless, and radio, television was born, nurtured, molded, and
brought to fruition in the minds, hearts, and hands of engineers and scientists.

Pride of accomplishment is an engineer’s great reward. He moves from one object to another with
insatiable curiosity and zest. His work, apparently, is never done, since the fulfillment of one task in-
variably leads to another. Having tackled a tough problem and surmounted it, he moves almost im-
mediately to another challenging chore.

In that progressive movement lies the secret of television’s success. First principles of visual scanning
trace back to the late nineteenth century. Once the objective became clear, it excited the interest and
curiosity of others, who picked up the challenge and toiled endlessly in the pursuit of a solution.

The brain and brawn, the heartaches and despair of momentary failure, and the ecstatic lift that ac-
companies success of a mission are written into the history of television development in broad, indeli-
ble terms. Names like Nipow, Braun, Campbell-Swinton, DeForest, Jenkins, Baird, Zworykin, Ives,
Alexanderson, DuMont, and Farnsworth will live in the annals of engineering for their monumental
contributions to the art of television broadcasting ‘and reception. Each had a hand in shaping TV’s
destiny; the cumulative effort brought about the great new industry which has taken the nation by
storm.

Forty years ago when I chose engineering as a profession, wireless telegraphy was considered the
great engineering achievement. Within ten years, radio broadcasting, on a scale undreamed of at the
turn of the century, began to develop.

The audion, truly a miracle of science, turned the “trick.” Yet, the arduous labors that took radio out
of the crystal stage era, out of battery-operated receivers to a national radio service of immense propor-
tions and later to an international broadcasting service, were not achieved overnight by a single indi-
vidual, but by thousands of engineers who set an objective and pursued it to its ultimate achievement.

It was almost predestined that television would evolve from this continuous process of development,
since farsighted men envisioned just such an accomplishment even while they labored to harness the
ethereal waves for powerful aural transmission.

Today, despite the dark clouds that hover over a world praying for peace, television has achieved
a place among the nation's top ten industries and will continue to thrive. As it grows, it makes possible
a service to the public unique in modern history. It informs, entertains, delights, and enlightens millions
—in a manner that can be understood by anyone—pictorially! .

Although we are proud of our accomplishments in this marvel of electronic magic, we have only
scratched the surface of what may come in the future. Each generation brings with it an even greater
mental capacity for coping with what may sometimes appear to be the impossible.

Who knows, perhaps children now attending kindergarten will some day bring us new glories in tele-
vision not even imagined today. In an atmosphere of free enterprise and unhampered individual initia-
tive, great things are bound to evolve. This aura of freedom has made the United States the most fruit-
ful nation in the world. This we cherish above all else. The tide of television will ebb and flow with the
nation's fortunes, but it is a tide that will go on endlessly.
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The Human Element in Research and Industry*

WALTER H. KOHL?, SENIOR MEMBER, IRE

Summary—This short article reemphasizes the need for ‘‘social
engineering” as contrasted with the prevailing competence in the
field of ‘“‘technical engineering.” Practical steps are enumerated for
the establishment of a favorable atmosphere in which human beings
can effectively and happily operate in the laboratory and factory.
This covers suggestions for a reorientation on the part of the “worker”
as well as on the part of management. The remarks are of a very
general nature and applicable to all industries, but the experience
on which they are based was gained in the electron-tube field.

lead to industrial applications, men and women
turn the researcher’s findings into tangible prod-
ucts in the factory. Everybody knows that this is so,
but for a long period, especially during the beginning of
the nation’s industrial development, interest was cen-
tered around the material aspects of this transformation
of thoughts into things until “The Material Age” be
came a byword of our time. Of recent years, the human
factor has been emphasized more and more frequently.
Many volumes have been written on this subject and
these lines are only to emphasize again that there exists
a problem of “social engincering” as well as one of
“technical engineering.” Observations during a pro-
longed career in the electron-tube industry, in the
laboratory, the factory, and as administrator, make it
appear that a reemphasis is not altogether amiss.
Originality of thought remains the keystone on which
the structure of our technological society rests and on
which progress and survival depend. The conception of
an original idea, the finding of a basic principle, is essen-
tially an individual effort. At the same time, it is often
the last link in a chain of events which is tied to time,
history, stimulation by others, and many fortuitous
circumstances. This creative act is also the first link in
another chain which projects into the future toward the
ultimate aim of practical realization. When the problem
has been stated—always the most difficult step—and a
sound approach to its solution is indicated, a group
effort will bring the most rapid solution. To gather the
right people for a given task force is the challenging
privilege of the director of research. To give loyal sup-
port to the group is the responsibility of the members of
the teain. This demands subordination without submis-
sion, personal tact, tolerance, and fair play—in other
words, all the requirements of a truly democratic
society. There is no sense in any one of the group pre-
tending that he knows all the answers and that the other

RESEA RCH is done by people. \When the results

* Decimal classification: R005. Original manuscript receive
the Institute, December 11, 1950. £ i d by
This paper was prepared for Proc. I.R.E. from an epilogue origi-
nally written by the author for his forthcoming hook, “Materials
Technology for Electron Tubes,” now in press with Reinhold Pub-
lishing Corp., New York, N. Y. On second thought it was removed
from the manuscript in order to reach a wider audience in this form.
t Collins Radio Company, Cedar Rapids, lowa.

members are incompetent. The advice of the craftsman
and technician should be sought freely by the engincer
to ensure the practicability of his design and, inciden-
tally, to give his assistants a share in the project at an
carly stage of the development. Contributions by others
should be recognized freely and the originality of an
imvention clearly established in the records with the
consent of all concerned, in order to avoid arguments at
a later stage when it comes to the filing of a patent claim.
T'here is also no justification in prescribing the lines of
attack on the problem too narrowly and in not welcom-
ing new suggestions if they are at all promising. The
group should be provided with all facilities that are
reasonably necessary and should not be encumbered by.
red tape. In research, an informal, loose organization is
of great value, although it can be overdone at the ex-
pense of a satisfactory rate of progress, particularly in
larger organizations where the director will find it diffi
cult to keep in personal contact with all groups. Pcri
odic reports by the group leaders then become neces-
sary in order to inform the management of the state
of affairs and provide a basis for future direction.

A misconception prevails in some administrative
quarters about the intricacy of many problems and the
proper allocation of funds. Fortunate indeed is the com-
pany which has technically qualified people at the top.
‘Fhey will listen very sympathetically to the pleadings of
their chief engineer or their director of research. Un-
fortunately, the problems of tube manufacture and
those connected with new developments are not gen-
erally appreciated. It is better not to embark on a
project if sufficient funds are not available than to in
sist on having the work done in a haphazard manner.
It is not implied here that new investigations always
require large amounts of expensive equipment. It is
necessary, however, that new procedures are tested
under carefully controlled conditions, so that they can
be successfully reproduced. More often than not, mys-
terious effects make their appearance which require ex-
tensive investigation before they are brought under
control. All this takes time, people, and money. There
are times, on the other hand, when too much money can
do equal harm, especially when it comes from the public
purse. It will lessen the incentive to apply all possible
ingenuity to the job and will encourage wastefulness in
material and manpower. There is evidently a happy
middle road to be followed.

In order to get a job done, human beings have to be-
come excited about it. This response presupposes a Y
certain alertness on the part of the worker and an inter-
esting job. In addition, it requires a fair return for the
effort. Fortunately, these conditions apply to a large
extent in the electron-tube industry. Many of the tasks
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\-equire a great deal of skill and the personnel is of better

:han average intelligence. Routine operations should be
eft to the less skilled, but an effort should be made to
srovide variety wherever it is appreciated. There are,
»f course, people who like routine jobs, but one should
also not overlook the possibility that an apparently dull
person may respond to an opportunity and discover
latent qualities in himself that have never been tapped.
A sympathetic job selection is thus required. It is un-
fair to keep anyone employed on a job for which he is
ill suited when a transfer to a different activity for
which he is better qualified may result in greater satis-
faction to all concerned.

The various difficulties that do arise in the co-ordina-
tion of people are remedied more easily when the group
is small. There prevails in it a sort of family atmos-
phere where each member knows the other's qualities
and shortcomings and can readily make allowance for

_them. The problem is to transfer this close-knit personal
relationship to a larger body of people, or to replace it
by a similar sense of allegiance to the company at large.
The attainment of this objective requires a very con-
scious effort on the part of the management. This
usually results in a variety of devices; among these one
finds the house organ, sports clubs, insurance systems,
credit unions, retirement plans, stock distribution, in-
centive pay, and so on. What is important in the over-all
plan is that everyone knows from past experience that
he is being treated fairly and thus willingly contributes
his best efforts to the benefit of the whole. It is very
desirable that the management from time to time
inform all of the working force of the general trend of
developments so that full confidence in its policies is
maintained.

It is only natural that the growth of an organization
requires the weeding out of weak members who impede
its progress and normal functioning. Such measures will
avoid the creation of a false sense of security on the
part of loafers. Rarely should such steps be necessary
in regard to employees of long service. It is the com-
pany's responsibility to judge the valueof a worker early
in order to avoid unnecessary hardship. When dismissals
become necessary, the reasons for them should be fully
explained. Furthermore, a continuous effort should be
made towards the further development of the members
of all groups by providing job training, cducational
facilities, and stimulation through travel and attendance
at meetings of professional socicties.

Another point that requires emphasis is the need for

Kohl: The Human Element in Research

229

periodic recognition of efforts whenever it is justified.
Promotions and pay increases naturally are the most
tangible evidence of the management's satisfaction
with the services rendered. At the higher levels these
raises become, of necessity, less frequent and in adverse
times salaries may even have to be reduced. It helps a
great deal to maintain morale if the staff member or
the worker is drawn into the company's confidence, so
to speak, and told which way the wind is blowing for
him. To a very large extent, recognition is the life blood
on which sincere effort feeds, and often at the disregard
of monetary return. A word of praise, assignment of
greater responsibility, inclusion at staff conferences, or
the granting of special privileges will do much to make
the worker feel that he is a trusted member of the family
and that the success of the whole depends on his efforts.
A sincere interest should be taken in his personal affairs
when adversity may put an unusual strain on his
shoulders.

It is very unfortunate that the smooth operation of a
large organization requires many routines which reduce
the individual worker to a number which is handled
efficiently by a business machine. This necessary evil
should be counteracted by decentralization and per-
sonal counsel wherever possible. Although information
and general directives are most con veniently distributed
by memoranda, an organization should be on its guard
against a not altogether rare disease which might be
called “memoranditis.” It thrives in all climates, dis-
regards age or sex, feeds on reams of paper, and inci-
dentally destroys the morale of the people affected by it.
It makes its appearance singly or in multiple copies. The
vicious kind feeds on arguments. To send such missiles
to the fellow next door, so to speak, is very poor tech-
nique. It is much better to talk things out than to
write them out. In some cases, arguments of a personal
kind have been carried into scientific publications. This
is very bad taste indeed and makes one question the
sincerity of the writer.

‘These loose-knit ideas on industrial relations, it is
hoped, will remind the reader of his broader responsi-
bilities toward the organization to which he belongs
and to society at large. The scientist and engineer have
now, in addition to their technical performance, the
task of interpreting their work to the public. This is
necessary in order to assure a sympathetic response to
their ever-expanding ideas and to preserve a favorable
climate in which to work, unobstructed by prejudice
and restrictions
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Moon Echoes and Transmission

Through the Ionosphere”
F. J. KERR{, SENIOR MEMBER, IRE, AND C. A. SHAINY

Summary—Moon echoes at a frequency of about 20 Mc have
been studied, mainly to obtain information on low-angle transmission
through the ionosphere. Using a broadcast transmitter in its free
time, with fixed aerial systems, thirty experiments were carried out
in just over a year, echoes being received in twenty-four cases. Ex-
perimental results have been compared with those to be expected
from an orthodox ray-theory treatment, and the following major dis-
crepancies were found:

(1) Observed echo intensities were well below theoretical values.

(2) Minimum altitudes, at which echoes were first detected,
were unexpectedly high.

(3) Ray deviations of several degrees in a vertical plane appar-
ently occurred.

The anomalous values of echo intensities and minimum altitudes
for detection correlate closely with the critical frequency of the F,
region, suggesting that the anomalies arose in that portion of the
ionosphere. The cause may lie in departures from horizontal strat-
ification in the F region, or in failure of the ray-theory treatment at
very oblique incidence.

The received echoes showed two types of fading. One type was
consistent with an 1onospheric origin. The second has been shown to
be due to the moon’s libration, effective reflection taking place over
a large proportion of the moon’s surface. This, together with the
elongation of short pulses on reflection, demonstrates that the moon
is a ‘‘rough” reflector at this frequency.

1. INTRODUCTION

[ NFORMATION on the ionosphere has until re-
[ cently been derived almost entirely from studies
of radio waves reflected down again to earth. This
method cannot give information about the region above
the level of maximum lonization, so that little is yet
known about this region.

The reception of solar and eosmic radio noise at the
earth’s surface has demonstrated that radio energy of
sufficiently high frequency can penetrate the iono-
sphere, but several observers have reported anomalous
effects (possibly arising in the ionosphere) at low
angles of elevation.? Further, the American group
who made the first obscrvations of radio reflections
from the moon in 1946 found large variations and

* Decimal classification: R113.307. Original manuscript i
by the Institute, July 6, 1950. 5 pt received

1 Division of Radiophysics, Commonwealth Scientific and In-
dustrial Research Organization Chippendale, N.S.\W., Australia.

' R. Payne-Scott and L. L. McCready, “lonospheric effects noted
during dawn observations on solar noise,” Terr. Mag., vol. 53 Pp-
429—4}32i December, 1948. '

2J. L. Pawsey, “Solar radio-frequenc radiation,” Proc. I
Part 111, vol. 97, pp. 290-310; Septer?lber, 1950, 28

*G. ]. Stanley and O. B. Slee, “Galactic radiation at radio fre-
quencies. [[—The discrete sources,” Austr. Jour. Sci. Res., Series A,
vol. 3, pp. 234-250; June, 1950.

¢ ]. Mofenson, “Radar echoes from the moon,” Electronics, vol. 19,
pp. 92-98; April, 1946.

¢ J. H. DeWitt, Jr.,and E. K. Stodola, “Detection of radio signals
regflgcted from the moon,” Proc. I.R.E., vol. 37, pp. 229-242; March,
1 R

¢ H. D. Webb, “Project Diana—Army radar contacts the moon,”
Sky and Telescope, vol.'S, pp. 3-6; April, 1946.

anomalies in the received echo intensity though no con-
clusions were reached as to whether these were atmos-
pheric or lunar in origin.” The use of solar emissions to
study ionospheric transmission is handicapped by their
great variability when the sun is active, and low in-
tensity when it is quiet, especially at the low frequencies
which are of greatest interest for an ionospheric study.
A possible alternative is to work with radiation from
discrete cosmic sources, but here again a severe limita-
tion is imposed by the low intensity. Moon echoes are
more suitable for the purpose, since the source of signal
can be controlled, and the variations produced by re-
flection at the moon can be estimated with sufficient
precision.

This paper describes moon-echo experiments carried
out on a relatively low frequency, not far above that
necessary for penetration of the ionosphere, with the
particular object of investigating the structure of the
upper part of the ionosphere. Transmissions were made
from an Australian broadcasting station in its free time,
and by the end of the investigation two receiving sta-
tions were operating in Australia, and three in America.
The first results have been described in an carlier com-
munication.® Echoes were received on most occasions,
but the echo intensity level and the time of appearance
of echoes after moonrise departed from the expected
values. An outline of the experimental results is given,
followed by a theoretical discussion of the problems of
reflection from the moon’s surface and transmission
through the ionosphere. The observations and theorv
are then compared in detail.

I1. EXPERIMENTAL ARRANGEMENTS
A. Transmitter

Special transmissions were made from the high-
frequency broadcasting station, Radio Australia, lo-
cated at Shepparton, Victoria (36.3°S, 145.4°E). The
transmitter (21.54 Mc, 70-kw output or 17.84 Mec,
50-kw output) was pulsed by landline signals from the
Radiophysics Laboratory receiving station at Hornsby,
New South \Vales, 600 km away. The most frequently
used signals were:

(a) A group of three !-second pulses (used in search-
ing for echoes, and for identification of weak echoes).

" In addition to the American work, moon echoes have been ob-
served (at 120 Mc) by Z. Bay in Hungary, but no information on
variations of echo lntensity was obtained. (“Reflection of micro-
;vga4v6e)s from the moon,” Hungarica Acta Physica, vol. 1, pp. 1-22;

*F. J. Kerr, C. A. Shain, and C. S. Higgins, “Moon echoes and
penetration of the ionosphere,” Nature, vol. 163, pp. 310-313; Feb-
ruary 26, 1949,
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(b) A single pulse, 2.2 seconds long (for studying

short-period amplitude variations of the echo).
_ (c) A group of pulses of length 1 millisecond and re-
currence frequency 40 cps, extending over a total period
of 2.2 seconds (for examining the fine structure of the
received echo). These short pulses were generated at
Shepparton, and controlled by landline signals.

The pulse group repetition period was 6 seconds in all
cases. The time of travel of a radio wave to the moon
and back is about 22 seconds. During some of the later
tests, in which attempts were made to receive echoes
in America, the timing of the emitted pulses was con-
trolled to a small fraction of a second.

B. Receivers

A modified communications receiver was used at the
main receiving point at Hornsby (33.7°S, 151.1°E). The
intermediate-frequency bandwidth was normally 70 cps,
but was increased to 1 kc during the limited work with
millisecond pulses. In the early tests, using self-excited
oscillators and regulated supplies, slight retuning was
necessary every 10 to 15 minutes. Later, crystal-
controlled local and beat frequency oscillators were in-
troduced, giving an over-all frequency stability of about
1 cps over 30 seconds or 10 cps over 30 minutes. This
stability was desired in studies of Doppler shifts and
short-period fading. Another change carried out after
the early tests was the addition of a filter, narrowing the
“yideo” bandwidth to 6 cps with a consequent improve-
ment of visual signal-to-noise ratio by \/70/6 or 5 db.

The moon echoes were seen against a background of -

cosmic noise, which was large compared with receiver
noise. The sensitivity of the system for the nearly mono-
chromatic moon-echo radiation was therefore dependent
primarily on the bandwidths of the filters used, and only
to a small extent on the receiver noise factor. These
bandwidths were measured by several different meth-
ods, and the results obtained were in good agreement.

The cosmic noise background varied with sidereal
time and ionospheric conditions, but at the times of the
various tests the noise power delivered to the receiver
was always within 14 db of the value:

Py = 2.4 X 107'7 watt. (D

The received signals were displayed on a long-
persistence cathode-ray tube, with a 6-second time
base, and photographed. (No great accuracy was
sought in measuring the echo delay-time.) On such a
display, the “minimum perceptible signal” is approxi-
mately equal to the root-mean-square value of the noise
fluctuations. Echoes could also be detected aurally in a
loudspcaker, and this method of detection was the more
sensitive for weak echoes, by perhaps 2-3 db. The ac-
curacy of estimation of the echo field intensities im-
proved as the tests progressed, in consequence of the
gradual improvement of the equipment used. The over-
all performance is believed to be known to within +2
db, at least from July, 1948, onwards.
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During the later tests, observations were also made at
Rockbank, Victoria (37.8°S, 144.7°E), using the normal
receivers of the station, with display and recording
equipment similar to that at Hornsby. The over-all
sensitivity of the receiving system was 3—4 db less at
Rockbank than at Hornsby, mainly on account of the
greater bandwidth.

C. Aerial Systems

The transmitting aerial at each frequency was that
regularly used by Radio Australia for broadcast trans-
missions to the United States and Canada. Each aerial
is a broadside array of sixteen elements, arranged in
four tiers of horizontal radiators, and backed by a
similar curtain of reflectors.? The maximum of the beam
is directed to 63° azimuth, 9° altitude, and the gain over
an isotropic radiator is 20 db.

Reception at Hornsby was carried out on an array of
two rhombic aerials, directed towards the region of the
sky illuminated by the transmitting aerial. The direc-
tional diagram and gain of the receiving aerial were
calculated by the methods given by Harper.!® A rough
check on these results was obtained from comparisons
of signals received on this aerial and on a half-wave
dipole from suitable overseas stations. The main fea-
tures of the diagram were confirmed and the gain shown
to be within 1-2 db of the theoretical figure. The effec-
tive absorbing area in the maximum direction has been
taken as 840 square meters, corresponding to a gain over
an isotropic radiator of 17 db at 21.54 Mc. Possible un-
certainty as to the reliability of the theoretical charac-
teristics for low-angle reception arises from the situa-
tion of the receiving aerial, which is confronted by a
ridge 600 yards away, at an elevation of about 5°. Itis
believed, however, that any effects due to this ridge
would be much smaller than the anomalies actually
found in echo intensity. This view is supported by the
results on distant stations, mentioned above.

The composite directional diagram of the Shepparton-
Hornsby system for an infinitely distant source is shown
in contour form in Fig. 1, which is plotted in terms of
azimuth and altitude at Shepparton.! Lines of constant
declination and hour angle are given in the same figure,
so that the moon's track during each of the test periods
can be determined, using the information presented later
about the circumstances of each experiment. The ap-
proximate altitude of the moon at Hornsby and Rock-
bank may be obtained by adding +5° and —1.5°, re-
spectively, to the corresponding value for Shepparton.
This approximation is sufficiently accurate over the re-
gion of interest.

* R. B. Mair, A. J. McKenzie,and W. H. Hatfeld, “The Shep;?ar-
ton international broadcasting station, ‘Radio Australia’,” Tele-
comm. Jour. Aust., vol. 6, pp. 129-141; February, 1947.

10 A, E. Harper, “Rhombic Antenna Design,” D. Van Nostrand
Co., New York, N. Y.; 1941.

it The diagram was a little different during the first seven tests.
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Fig. I—Composite aerial diagram of the Shepparton transmitter and
Hornsby receiver, plotted in terms of azimuth and altitude at
Shepparton. Contours of declination and hour angle are also
shown.

The receiving aerial used at Rockbank was one of the
normal rhombics of the station.'? Its gain over an iso-
tropic radiator is 16 db at 21.54 MNc.

D. Operational Limitations

The working time of the system was severely limited.
Firstly, observations were restricted to the hours when
no broadcasts were scheduled, namely 0230-0540 and
0930- 1230, Eastern Australian Standard Time."* The
latter period was generally unsuitable, as the critical {re-
quency of the F; region was normally too high to permit
penetration of the ionosphere. Secondly, the moon
passes through the aerial beam only on several succes-
sive days for two periods each month, and only some of
these passages occur at an appropriate time of day.

III. GENERAL RESULTS

A. Reception at Hornsby

Observations were made over about a year on every
day on which the circumstances were favorable in the

¥ W. N. Chrisuansen, “Directional patterns for rhombic an-
tennae” AWA Tech. Rev., vol. 7, pp. 33-51; 1946
13150° E time.
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Fig. 2—Sample photographic record, illustrating the results obtained
with the group of three short pulses.

0230-0540 E.AS.T. period, amounting to 28 days in
all. Moon echoes were received at Hornsby on 22 of
these days, for an average period of 30 minutes. (In
addition, echeces were received on one day at Rockbank
and not at Hornsby.) The less suitable 0930-1230
period was used only on two magnetically disturbed
days, on one of which echoes were received.

Examples of the photographic records obtained are
given in Figs. 2 and 3. The first illustrates the use of the
group of three short pulses. At the start of the trace are
the signals received directly from the transmitter, by E
region scatter, followed after about 2} seconds by the
three echo pulses, generally unequal in amplitude.

Fig. 3 shows a series of three successive signals of the
long pulse type (only the first of these is labelled in
the figure). By this method a record of echo intensity is
obtained over a series of 2.2-second periods, interrupted
by breaks 3.8 seconds long. A longer sample is presented
in Fig. 4. These records illustrate the type of fading
observed. Smoothed intensity records for all the tests
are given in Fig. 5, with the relevant data on the cir-
cumstances in ¢ach case. Two types of theoretical curve
have been added for comparison. It can immediately be
seen that the observed intensitics were well below the
levels expected theoretically, and also that the first ap-
pearance of echoes as the moon rose up through the
acrial beam was always later than expected.

AL

TIME (SECONDS)

Fig. 3—Three successive echoes obtained with 2.2-second signals, illustratin

g the rapid fading. The small fluctuations are due to

cosmic noise, passed through an intermediate-frequency bandwidth of 70 cps and video bandwidth of 6 cps.
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B. Reception at Rockbank

The moon echoes received at Rockbank displayed the
same general characteristics as those received at
Hornsby, i.e., they were deficient in intensity, the first
reception was delayed, and they exhibited similar
fading. These results are less reliable than those from
Hornsby, as the receiver and display calibrations were
not so well known. Also, in many of the observations the
moon was passing through side-lobes, where the aerial
performance was less certain.

Detailed comparisons between records made simul-
taneously at Hornsby and Rockbank are of value in re-
lation to possible mechanisms for the short-period
fading. Such a comparison, covering a period of 6 min-
utes, is shown in Fig. 4. The short-period variations are
seen to be very different at the two receiving points.
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C. Reception in America

During a visit to the United States early in 1948,
J. L. Pawsey of this Laboratory arranged co-operation
with American organizations in an attempt to receive
moon echoes simultaneously at widely separated points
on the earth. Receivers were operated in America, in the
fifteen tests from July 30 onwards, at the following
places:

1. Sterling, Va. (Central Radio Propagation Labora-
tory, National Bureau of Standards).

2. Riverhead, N. Y. (Radio Corporation of America).

3. Urbana, Il (University of Illinois).

This work did not meet with a great deal of success,
as the times of the tests (limited by transmitter avail-
ability) were all in the middle of the day at these re-
ceiving points, so that F, critical frequencies were quite

. SR
- / ~
. _ N 7 ~ ~ o N N o / _ / \ /' N4 =
N
[a) s e
RK . - - -~ - Vi A a , L £ v o D .
0429 0430 0431 0432
~ -~
HY ﬁfh“'"p_‘.‘-/f s - - o =" /r,'\ff
- I/ -
RK ﬁf‘ D A, SR S - - P P - "' L - - = a - e D .
0432 0433 0434 0435

Fig. 4—Simultaneous records of echo strength at Hornsby (HY) and Rockbank
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high. Echoes were received in America, however, on two
occasions, August 1 and October 28, although only for
short periods in each case.

I1V. THEORETICAL CONSIDERATIONS

A. The Radar Equation

For simplicity it will first be assumed that all of the
medium between the surfaces of the earth and the moon
is nondeviating and nonabsorbing. This is believed to
be very nearly true, except in the ionosphere, whose
effect will be discussed later. LEffects due to ground re-
flection and feeder losses have been included in the
parameters describing aerial performance. (Numerical
values given in this and the next subsection apply to
reception at lHornsby.) Let

Pr = transmitter power output =70 kw

Gr=transmitting aerial gain, relative to 1sotropic
radiator =100

A g =absorption cross section of receiving aerial = 840

(meter)?

d=mean distance of moon from earth =3.84 X 10®
meter

o =echo cross section of moon, defined by equation
(3) below

The flux density at the moon (power flow per unit area
in the transmitted wave) is given b

Suste (2)
4nd?
the scattered wage intensity at the receiving aerial by
oo M

Ss=n 3)
= 2.0 X 107 X ¢ watt (meter)—2 (4)
and the power delivered by the aerial to the receiver by
Pr = AgSs (5)
= 1.7 X 10?7 X ¢ watt. (6)

B. Reflection from the Moon— Long Pulses

The case where the pulse-length is large compared
with the time of propagation across the moon’s depth
will first be discussed. After a short build-up period in
which the pulse front is spreading over the moon, the
whole “illuminated” hemisphere of the moon will be
contributing to the received echo. Two limiting types of
reflection will be considered, corresponding to the cases
of a perfectly smooth and a perfectly rough spherical
surface.

Visual inspection indicates that the moon'’s surface is
at least to some degree rough, but this does not neces-
sarily rule out the possibility of the moon’s reflecting
radio waves as a smooth sphere. For example, reflection
could conceivably take place from a region correspond-
ing to the earth’s ionosphere. The present observational
lower limit to the density of the moon’s atmosphere does
not preclude this possibility.
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Echoes from a smooth and a rough moon will differ in
three ways, namely, (1) intensity, (2) fading charac-
teristics, and (3) shape of echo pulse. !

The two cases cannot be readily differentiated from |
the intensity measurements made, since other intensity |
anomalies were so large. The experimental determina- |
tion of the type of reflecting surface has been based on a
study of the fading, with confirmation from the limited
work on the shape of short pulse echoes.

For a smooth, perfectly-reflecting sphere, whose
radius is large compared with the wavelength, the in-
cident energy is scattered uniformly in all directions,
and the echo cross section is equal to the projected area
of the sphere.’¥ When the sphere is partially absorbing,
as the moon presumably is, the echo cross section will
be nearly equal to the product of the projected area
(A) and the reflection coefficient for normal incidence

(p):
o = Ap. 7

The moon’s surface is believed to consist of rock,
with a thin covering of meteoric dust. By analogy with
terrestrial conditions, the dielectric constant of the sur-
face material is probably about §, leading to a power re-
flection coefficient of 0.15 for normal incidence. Little
can be said about the reflection coefficient of a hypo-
thetical lunar ionosphere.

In the alternative case of a large, perfectly rough
body, the scattering is no longer isotropic, and the echo
cross section will now be given approximately by:

o = ApD, (8)

where D =directivity of the scattered energy in the
direction of the receiver.

To a first approximation, the echo from a rough
moon can be taken as made up of specularly reflected
components from elementary surfaces normal to the
incident radiation. Thus all back scattering occurs at
normal incidence, and so the corresponding reflection
coefficient (0.15) can be used.

Two types of scattering from rough surfaces are dis-
cussed in the literature. The first follows Lambert'’s
cosine law, which states that the energy scattered into
any direction from a rough surface is proportional to
the cosine of the angle between the incident ray and the
normal to the surface, and to the cosine of the angle
between the scattered ray and the normal. This effect,
when integrated over a sphere, gives a directivity in the
echoing direction of 8/3.18

The second type involves an additional factor, well-
known in planetary astronomy, which further increases
the directivity. In regions towards the limb of the
sphere, each “hill” shadows an area behind it, reducing
the effective illuminated area capable of reflection to

K. /} Norton and A. C, Omberg, “The maximum range of a
radirset, Proc. I.R.E, vol. 35, pp. 4-24; January, 1947.

- D. Grieg, S. Metzger, and R. Waer, “Considerations of

moon-relay comi icati R
Moz 1048, Mmmunication,” Proc. I.R.E., vol. 36, pp. 652-663;
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firections away from the incident direction. The optical
jirectivity of the moon to sunlight is 5.7. (This figure is
{erived from published data on the variation of appar-
ent illumination with astronomical phase.') The cor-
responding figure for radio reflection would be less, if
the surface irregularities are small, owing to the smaller
apparent roughness of a surface for the longer wave-
length. The 20-Mec directivity of a rough moon will be
taken as 5. The uncertainty involved here is much
smaller than the observed anomalies in echo intensity.

Theoretical performance figures can now be specified
for the two types of lunar surface, with the moon at
the maximum of the aerial diagram, and with iono-
spheric effects neglected, as shown in Table 1.

TABLE I
Smooth Rough
Moon Moon
_ Projected area, A[(meter)?] 9.6X101 9.6X101
Echo cross section, o[ (meter)?] 1.4X101 7 X10#

Echo flux density at the receiving

aerial, Sg [watt (meter)™? 3.0X10"1e 15 X108
Echo power delivered to receiver,

Pg [watt] 2.4%X107 12 X10-®
Echo-to-noise ratio, pre-detection [db] 20 27
Echo-to-noise ratio post-detection [db] 25 32

C. Reflection From the Moon—Shor! Pulses

When the pulse is short compared with the time taken
to cover a distance equal to twice the moon’s radius
(11.6 millisecond) only a small portion of the moon will
be contributing to the received echo at any given in-

stant. Under these conditions, a considerable difference

exists between the behavior of a smooth and a rough
sphere.

In the case of the smooth moon, even when it is com-
pletely illuminated by the pulse, the echo will come es-
sentially from the first Fresnel zone, i.e., from a slice
of the ncarest portion of the moon with a radial thick-
ness equal to a quarter wavelength. The contributions
of other zones will nearly cancel one another, the net
effect being a total field intensity of half that to be ex-
pected from the first zone alone.

Since the pulse-length must necessarily be greater
than the time associated with the first Fresnel zone, the
shortening of the pulse below the dimensions of the
moon will have little effect on the echo intensity. Thus
the peak intensity of the echo pulse would be nearly the
same for short pulses (c.g., 1 millisecond) as for long
pulses (c.g., 2.2 seconds). The duration of the echo
pulse and hence its total energy would however be
different in the two cases, with a consequent worsening
of the signal-to-noise ratio for the short pulses, as-
sociated with the use of a greater recciver bandwidth.

In the case of a rough sphere reflecting short pulses,
the echo pulse will have a long duration, corresponding
to the passage of the pulse across the moon, but the

1 H. N. Russell, R. S. Dugan, and J. Q. Stewart, “Astronomy,”
vol. 1, The Solar System,” p. 173. Ginn and|Co., Boston, Mass.; 1945.

Kerr and Shain: Moon Echoes

235

instantaneous intensity will be well below that for the
long pulses, as only a small portion of the moon's sur-
face will be contributing to the echo at any instant. The
shape of the echo pulse will be related to the distribution
of radar “brightness” across the moon’s disk. For Lam-
bert-type scattering, the brightness would fall off from
the center to the edges, according to a cosine relation-
ship. The corresponding theoretical echo pulse-shape
for a 1-millisecond incident pulse is shown in Fig. 6(b).

oS

Relative Powsr

4] S (-] 1]

Time from stort of echo pulse (m'ul“s(c.)

Fig. 6—Shape of echo pulse for a 1-millisecond incident pulse. (a)
Smooth moon. (&) Rough moon, Lambert scattering. (c) Rough
moon, Lommel-Seeliger scattering. The unit of power is that for
a smooth moon and long pulses.

A different distribution of brightness would be ob-
tained when the shadowing effect of the surface ir-
regularities is taken into account. The increased echo
directivity in this case, which was mentioned before,
arises because a greater proportion of the energy falling
towards the edges of the disk is scattered back in the
incident direction. Thus there is an increase in the radar
brightness at the outer portions of the disk, approaching
more closely to the Lommel-Seeliger type scattering,
which produces uniform brightness. Markov?!’ has in
fact found that the distribution of optical luminosity
over the disk at full moon is nearly uniform, except for
an anomalous increase for a region near the outer cir-
cumference of the disk. The theoretical echo pulse-shape
for this type of scattering is given in Fig. 6(c).

The unit of echo power in this figure is that for a
smooth moon and long pulses. The scales of the curves
for a rough moon have been adjusted so that the area
brneath each curve is proportional to the corresponding
directivity. Thus the three curves are directly compar-
able. It should be remembered that these shapes apply
to the echo pulse entering the receiver, whose finite
bandwidth will produce some distortion in the output
pulse.

D. Libration of the Moon

If the moon reflects as a rough object, with the whole
disk contributing to the returned echo, the moon’s
libration would be expected to produce variations in the

1 A. V. Markov, “Distribution of intensity on the disk of the

moon during full moon,” Astron. Jour. /SSR, vol. 25, pp. 172-179;
May-June, 1948.
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echo about the root-mean-square value derived above.
Libration, an apparent oscillation of the moon’s face as
seen from a point on the earth, arises from the diurnal
rotation of the observer on the carth and from variations
in the moon’s orbit. It amounts to several degrees per
day. A libration of L° per day corresponds to a lincar
velocity at a point on the moon’s limh of 0.4 L m/sec,
or to a Doppler frequency shift on reflection of 0.05 L
cps for a 20-Mc wave. The returned echo will thus extend
over a frequency band of finite width,'® and since the
various frequency components are in a random phase
relationship, their resultant will be continuously vary-
ing, giving the effect of fading.

The expected frequency spectrum can be derived by
dividing the moon’s projected disk into narrow strips
parallel to the axis of libration. Each point of such a
strip can be shown to have the same linear velocity
towards the earth. This velocity and hence the fre-
quency shift is found to be proportional to the distance
of the strip from the axis (Fig. 7(a)).

Relative
power

Echo spectrum

Gavussion
distribution

“oo0sL O +0o0SL
Deviation from centre freguency

(a) (b)

Fig. 7—(a) Effect of the moon’s libration (L°/day). The strip shown
produces a frequency displaced [(a/r) X0.05L] cps from the center
frequency. (b) Frequency spectrum of echo, assuming uniform
brightness across the moon's disk, together with the closest-
fitting Gaussian distribution.

On the assumption of uniform brightness across the
moon’s disk (Subsection IV, C), the amount of energy
reflected back from an elementary strip is proportional
to its area. Hence the power spectrum curve is semi-
circular in form, i.e.:

S 3
0.05 1 ) ®)
where f cps =deviation from center frequency.

To test the dependence of the fading speed on the
libration rate, it is convenient to represent the former,
for a given sample of record, by the mean change of am-
plitude (regardless of sign) occurring in equal intervals
of time,'* expressed in terms of the mean amplitude for
the period.

The relevant theory, for a Gaussian power spectrum,
has been worked out by Fiirth and Maconald.?® Their

W« 4/1~(

'* The center frequency was about 50 cps higher than the trans-
mitted frequency under the conditions of the experiment, owing to
Doppler effect associated with relative motion of the observer and
moon as a whole. The factors involved in this Doppler shift have
been analyzed by A. B. Thomas, “Certain physical constants and
their relation to the Doppler shift in radio echoes from the moon,
Aust. Jour. Sci. vol. 11, pp. 187-192; June, 1949.

'? One-second intervals, in the middle of the 2.2-second pulses,
were used.

2 R. Firth and D. K. C. MacDonald, “Statistical analysis of
spontaneous clectrical fluctuations,” Proc. Phys. Soc., vol. 59, Pp.
388-403; May, 1947.
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results can be applied with sufficient accuracy by sub-
stituting the best-fitting Gaussian distribution (stand-
ard deviation =0.03 L cps) for the semicircular power
spectrum. The semicircular and Gaussian curves are
compared in Fig. 7(b). The theoretically-expected rela-
tion between fading speed and libration rate is shown in
Fig. 8 (full line).

v'cgarolns

[ -] -]
» w s

Mean echo amplitude)
>
=
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(Mean change of amplitude in one secona,

of sign) = (

[ 2 2 4 S
Moons lbration rate (deq /doy)

(-]

Fig. 8—Relation between speed of rapid fading and libration rate.
The full line is the theoretical curve, while the crosses indicate
experimental points for six days.

E. Transmission Through the Tonosphere

Before discussing the experimental results on trans-
mission through the ionosphere, a theoretical treat-
ment of the transmission problem will be developed
along orthodox lines, neglecting the earth’s magnetic
field. All but two of the tests took place at nighttime, so
that absorption or deviation effects arising in the normal
D and E layers may be neglected, leaving only the F
and sporadic E(E,) regions to be considered. The ab-
sorption and scattering produced by a cloud-like £,
region is likely to have been small, since the experience
of long-distance communication circuits suggests that
they are very little influenced by E,, under conditions
in which a strong component coming down from the F
region is present.?

The properties of rays incident obliquely on the F
region and returned to earth again have been studied in
detail by several authors, including Appleton and
Beynon,* who are mainly concerned with the derivation
of “maximum usable frequencies” (muf). For our
purpose this work indicates a minimum angle of in-
cidence below which energy cannot be reflected back to
earth again, but will penetrate the ionosphere. The only
published studies of the transmission problem itself are
those of Bailey® and Bremmer.? Bailey treats only the

AL, Green and N. Harrison, “lonospheric forecasting errors in
an electron-limited circuit,” lonospheric lErediction Service, Second
Supplementary Handhook for use with the Radio Propagation Bulle-
tin, 1ssued June, 1950; Commonwealth Observatory, Canberra.
. TE. V. Appleton and W. |. G. Beynon, “The application of
ionospheric data to radio communication,” Great Britain, D.S.I.R.,
Radio Research Special Report No. 18; 1948,

3 A K. Bailey, “On a new method for exploring the upper iono-
sphere,” Terr. Mag., vol. 53, pp. 41-50; March, 1948.

* H. Bremmer, “Terrestrial Radio Waves,” Elsevier Publishing
Company, Inc., Amsterdam, pp. 271-277; 1949,

1
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‘jonospheric refraction,” or the deviation produced in a
-ay passing through the ionosphere, and in doing so in-
troduces approximations which are not valid near the
sritical conditions. Bremmer shows that if a plane wave
enters the ionosphere from outside it emerges as a
divergent wave, so that the flux density incident on the
earth will be less than that in the original plane wave.
He studies the reduction in flux density due to this
cause and to absorption, in passing through the F re-
gion, and shows that the former cause is dominant at
sufficiently oblique incidence. His results as they stand
are not accurate enough for low angles of elevation over
a curved earth, and his treatment must be extended as
follows:

Fig. 9—Trajectory of ray through ionosphere.

Bremmer applies Snell’s law to determine the trajec-
tory of a ray through the ionosphere (see Fig. 9), and
obtains an expression for the divergence produced by
the ionosphere in a plane wave coming from outside

the earth. This is
E ‘/gini'-gf
E, V sinoas

9 = zenith angle of the extra-terrestrial source at the
ionosphere
i =angle of emergence of ray from ionosphere.

(10)

where

This expression can be computed for an assumed dis-
tribution of refractive index in the jonized region.
Bremmer then discusses the case of a single parabolic
layer, neglecting curvature, and presents some typical
numerical results.

Curvature can be taken into account by means of a
device used by Appleton and Beynon. They replace the
curved carth case by an equivalent plane earth case in
which the critical frequency f° is reduced to

o S*ym
PR
where

f=wave frequency
ym = semithickness of the assumed paraholic region
R =carth’s radius.
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Use of this equivalence device in Bremmer’s expres-
sion for a parabolic layer yields the relation between the
angles i and 6 for a curved parabolic region, and then by
means of (10) the distribution of field intensity. The
angle of arrival of the ray at the ground (8) for a given
angle of emergence and layer height, and the corre-
sponding altitude of the source at the ground (a) can
then be found by geometrical methods.

The field intensity according to this theory is given in
Fig. 10 as a function of altitude for a number of values
of the ratio of wave frequency to critical frequency, to-

.
=

AN

N

Intensity relative to free spoce (db)

1
-

Angle of arrival (dtsrus)

-

L

Fig. 10—One-way transmission through F-region (ray theory). (a)
Intensity against geometrical altitude. (b) Angle of arrival against
geometrical altitude. The full-line curves are %orf/f°ﬁ= 24,3, 3%,
4, height=250 km, semithickness =100 km and the dashed-line
curves for f/f°r, =3, height =250 km, semithickness =50, 150 km.

e 20
Geomatrical altitude of source (degrees)

gether with the theoretical relation between the angle of
arrival and the (geometrical) altitude. The angle of ar-
rival is always greater than the altitude, in consequence
of ionospheric refraction. In fact, significant field
strengths should be obtained in many cases with the
source well below the horizon. The angle of arrival at
the earth and angle of emergence from the ionosphere
both have limiting values, corresponding to the critical
ray found from muf considerations.

These curves are all for one-way transmission. In
deriving theoretical curves for the conditions of the
various moon-echo tests, two such curves must be
combined, taking into account the different moon alti-
tudes at transmitter and receiver. Curves obtained in
this way are included in Fig. § for comparison with the
observed echo intensities. The finite angular size (3°)
of a rough moon would produce a slight smoothing of
the curves, but this is negligible compared with the ob-
served anomalies.

V. FADING OF ECHOES AND LEFFECTS DuUE TO THE
MooN (EXPERIMENTAL RESULTS)
A. T'ypes of Fading
T'he fading of the echoes appeared to be of three main
types:
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(1) Short-period fading over times of the order of
seconds,

(2) Variations with periods of the order of minutes.

(3) Variations of the median intensity level from test
to test,

Spaced receiver experiments were undertaken as part
of the study of the various types of intensity variations.
Very little was learned from the simultaneous reception
in Australia and America, owing to the unsuitable iono-
spheric conditions at the American end. Some useful
results were obtained, however, from comparisons of
the records from Hornsby and Rockbank, 750 km
apart. ?

The day-to-day variations were closely correlated at
the two places, but the faster variations of types (1) and
(2) showed no such correlation, although the qualita-
tive similarity of the phenomena at the two places was
established. This lack of correlation is consistent with
the variations originating either in local ionospheric
irregularities above the respective receiving sites, or in
the moon’s libration.

B. Rapid Variations

The rapid variations of type (1) occurred in times of
the order of seconds. Since these records were taken after
the signals had been passed through a 6-cps low-pass
filter, the possibility arises that echo fluctuations of an
even more rapid type might have been smoothed out by
the filter. The absence of significant frequency com-
ponents above about 2 cps could however be deduced
from the characteristics of the audible echo signal, on
which the 6 cps filter did not operate. This conclusion
was drawn from the fact that the echo signal gave an
impression to the ear of a pure tone* (except during
some deep fades), and was confirmed by a subsequent
study of sound recordings.

It was shown in Subsection IV, D that, if the moon
reflects as a rough object, libration would be expected to
give rise to fading of echoes, To see whether the rapid
fading observed was due to libration, the speed of fading
has been compared with the rate of libration for portions
of the records on six days. The experimental points of
Fig. 8 indicate very good agreement with the theoretical
curve for a rough moon, within the experimental un-
certainty,

We can therefore conclude that the moon’s surface
acted as a rough reflector and that the rapid fading ob.-
served was due to the effects of libration.

C. Reflection of Millisecond Pulses

Additional evidence on the moon’s reflecting prop-
erties was obtained by the use of short (l-millisecond)

* Fading due to libration would be essentially similar only for
receiver spacings up to several kilometers, since the phase addition
of the various components reflected from a rough body as large as the
moon is very sensitive to direction.

¥ E. G. Shower and R. Biddulph, “Differential pitch sensitivity
?gstlhe ear,” Jour. Acous. Soc. Amer., vol. 3, pp. 275-287; October,
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pulses. These experiments were disappointing however,
owing to the low echo intensities received. When work-
ing with short pulses, a larger receiver bandwidth (1
kc) had to be used. This reduced the sensitivity of the
system, raising the threshold to a level which was seldom |
exceeded by the echo. A moderately clear short-pulse |
echo pattern was seen on one occasion for about two
minutes, but was not photographed successfully, owing
to a technical fault. Visual observation showed that the
echo pulse was elongated to several times the length of
the transmitted pulse, which was in keeping with the
hypothesis of a rough moon (see Fig. 6). Thus there are
two results indicating that the moon reflected as a rough
sphere. In neither case, however, was the accuracy
sufficient to distinguish between the Lambert and
Lommel-Seeliger types of scattering.

D. Slow Variations

The slow variations of type (2) cannot be due to
libration, since it can be shown that, for a fading period
of several seconds, medians taken over one or more
minutes would seldom depart from the over-all median
by more than 1-2 db. Thus another mechanism must be
sought to account for this type of fading.

A study of the time intervals between successive
maxima (of 1-minute medians) has shown that their
frequency distribution was close to that which would be
given by a random phenomenon. It is probable that this
type of fading was due to the effects of ionospheric
roughness.

Ratcliffe?” has studied the fading obtained on a
“single” coniponent reflected from the ionosphere, and
attributes it to the beating between elementary waves
of slightly different frequencies, scattered from ir-
regularities in continual random motion relative to one
another. )

The speed of fading is then a function of the random
velocities of the scattering centers. Ratcliffe quotes an
analysis by S. N. Mitra of the fading of a 4-Mc signal
reflected from the F region, leading to a value of §
meters per second for the root-mean-square velocity of
the scattering centers.

Similar effects must arise in transmission through an
irregular region. These are referred to, but not studied
quantitatively, by Ratcliffe. In the transmission case
we imagine the irregularities of the region producing
deviation of rays, fading of the resultant occurring as
the motion of the scattering centers causes the paths of
the various rays to change.

For the case of a center moving at 5 meters per
second perpendicular to the wave direction, at a dis-
tance of 1,000 km from the receiver, it can be shown
that the path length of a ray would be changed by a
half-wavelength in a time of the order of several min-
utes. Thus the observed speed of the slow fading is con-
sistent with an ionospheric origin,

7] A Ratgliﬁ'e, “Diffraction from the ionosphere and the fading
of radio waves,” Nature, vol. 162, pp. 9-11; July 3, 1948,
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Neither the ionospheric effect discussed in this sub-
ection nor the moon’s libration can account for the
lay-to-day intensity variations, for which a new
nechanism must be sought.

V1. EXPERIMENTAL EVIDENCE ON
IONOSPHERIC ANOMALIES

A. Evidence for Vertical Plane Devialion

Examination of Fig. 5 shows that on many occasions
the observed intensity decreased more rapidly in the
latter part of the test than does the corresponding
theoretical curve. This can be interpreted as an indica-
tion that the angle of arrival was significantly greater
than the geometrical altitude, rendering the steep por-
tion of the aerial diagram operative at lower altitudes.

After replotting the results in a form more suitable
for showing up the effect, the results were found to be
consistent with a vertical deviation of §° for an altitude

- (Shepparton) of 5°, decreasing to 1°-2° for an altitude of
25°. Evidence of vertical deviation of the same order of
magnitude was also obtained from a study of the posi-
tions of the minima in the Rockbank curves.

An interesting exception to the general occurrence of
large vertical deviation seems to have occurred on
March 14, 1948. On this occasion, echoes were detected
at a moon altitude 3° greater than the next highest
over the whole series of experiments. The unusual fea-
ture of this particular test was the presence of a severe
ionospheric disturbance, in which f°r, was reduced from
the normal 11 to 7 Mc and the equivalent height re-
corded at Canberra was 450-500 km. The observed be-
havior is suggestive of the “holes in the ionosphere” de-
scription of the disturbed F region, given by Eckersley,?®
the wave received at 22° being undeviated because it
passed through a hole in the region.

B. Correlation of Median Intensilies with Vertical In-
cidence Data

The main features of the smoothed experimental re-
sults which cannot be accounted for on previous knowl-
edge are the low echo intensities obtained and the late-
ness of the first detection of echoes from the rising
moon. It has been shown above that libration could not
account for long-period intensity variations. In both
the anomalies, it scems more likely that a cause could
be found in the ionosphere than at the moon. An at-
tempt will therefore be made to establish a correlation
with some ionospheric parameter.

The points at which the two rays Shepparton—moon
and moon—Hornsby penetrated the F; and E, regions
can be determined approximately for any given time
during the tests, from the azimuth and altitude of the
moon and the height of the layer concerned. Vertical-
incidence ionospheric data were available at 10-minute
intervals for most of the test periods from the stations

1 T, L. Eckersley, “Holes in the ionosphere and magnetic storms,”
Nature, vol. 150, p. 177; August 8, 1942,
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at Brisbane (27.5°S, 153.0°E) and Canberra (35.3°S,
149.0°E). Corresponding values for the estimated
penetration points have been obtained by interpolation
in both latitude and local time.

The first quantity to be compared with ionospheric
data is a median intensity level for each of the tests. To
bring all the medians to the same absolute basis, an at-
tempt has been made to take the effect of the aerial
directional diagram into account. This can only be done
approximately, since the amount of deviation in the
ionosphere, and hence the angles of emission and arrival,
are not precisely known. To minimize the errors arising
in this way, a restricted period of only 20 minutes was
used in obtaining each median. A period near the time
of optimum aerial performance, but not too near the
time of first detection of echoes, was chosen in each case.
This is the time when the aerial correction factor shows
the smallest rate of change, so that a given vertical plane
deviation will then have the smallest effect.

Fig. 11 shows a correlation diagram between the
median intensity and the ratio of operating frequency to
f°r,. The comparison covers all days for which reliable
20-minute medians could be obtained, excluding tests in
which the moon was too far to the side of the aerial dia-
gram, or the calibrations were uncertain. The figure
contains points corresponding to the two receiving sites,
Hornsby and Rockbank, with dashed lines joining
points referring to the same day.
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Fig. 11—Relation between median echo intensity and f°F,.

In each case, the value for f°,, is that obtained for the
estimated penetration point of the lower-altitude ray at
about the middle of the 20-minute period (i.e., the
Shepparton ray for reception at Ilornsby, and the
Rockbank ray for reception at Rockbank). The condi-
tions for this ray have been regarded as the more signifi-
cant in limiting penetration, in spite of small differences
in the critical frequencics appropriate to the two rays,
which generally had an opposing effect.
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This correlation diagram establishes that quite a close
relationship exists between median echo mtensity and
/%, and suggests that an important part, if not all, of
the deficiency in echo intensity is due to # region cffects.
(The magnitude of this deficiency can be seen by com-
parison with the theoretical curve of Fig. 11 which is
derived from the ray treatment of Subsection 1V, E, for
altitudes corresponding to those of the experimental
points.)

A similar check has been carried out against I, data,
although this comparison is less valid, since derivation
of the ionospheric parameters for the penetration points
from the observations at Brishane and Canberra is not
very satisfactory for a patchy layer such as £, With
this limitation, the comparison showed no correlation
between median intensity and S,

C. Limiting Penetration Conditions

The second anomaly in the experimental results was
the lateness of the first detection of echoes. | ig. 12
shows a correlation diagram of the moon altitude (the
lower of the pair of values) at which echoes were first
detected, against the ratio Sf/f°r, omitting only those
cases in which low angle conditions were unfavorable
through considerations of aerial diagram or observing
time. Theoretical curves have been added for compari-
son, for a symmetrical parabolic F, region with three
values of semithickness. (During most of the tests, the
semithickness was about 100 km.

{
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Fig. 12—Relation betwecn altitude at first detection and f°, for the
lower of the two rays. The full lines are theoretical curves, derived
from the ray-theory treatment of Subsection 1V, E, for a sy m-
metrical parabolic F, region of height 250 km and semithickness
50, 100, 150 km, with account being taken of the aerial diagram
Once again the experimental points are well away

from the theoretical curve, but show a fairly close cor-

relation with f°¢,. Also, as with the median intensities,
no correlation could be found with JE,

A possible interpretation of the diagram is that a
simple relation exists between altitude of appearance
and critical frequency for the lower values of f/f°,
which are associated with high limiting altitudes. Then,
when the critical frequency falls to a low value, such
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that f/f°r,=4, a new factor becomes important ang
prevents the observation of correspondingly low values
of limiting altitude. Such a factor could be introduced
for example, by I, ionization, or by inadequacies in a
ray treatment. Reference to Fig. 11 indicates that the
diagram of median intensities could be interpreted in a
similar way, with the same group of points? occupying
an anomalous position away from a smooth curve that
can be drawn through the rest of the points and up to
meet the zero line.

I'he curves of Iig. 5 show that there is a large differ-|
ence between the expected and actual altitudes of first
detection, amounting to 10° or more. Greater interest
however attaches to a comparison between the th(-orcli-‘;'
cal and experimental limiting angles of incidence on the
I region. Since the latter are not precisely known, all|
that can be done is to obtain a lower limit to the differ- |
ence between these angles, corresponding to the case of
no deviation. Using a method similar to that described,
in the earlier paper,® this difference has been found
to average about 3°. (This corresponds to the lower-
altitude ray, in each case.) The actual anomaly between
the theoretical and experimental limiting angles of in-
cidence would then exceed this 3° figure by an amount
corresponding to the deviation, i.e., by several degrees.
Thus the total anomaly is quite large.

I't should be pointed out that the difficulty in receiv-
ing echoes at low altitudes was not due to the lowered
acrial efficiency at these altitudes. The occurrence of
vertical deviation means that the angle of emission of
the ray woulld be up near the maximum of the aecrial
diagram well before echoes were in fact received.

In the earlier paper,? some results of observations on
18-Mc solar noise were quoted, in which reception of
noise bursts appeared to be possible with the sun’s alti
tude below the theoretical “shadow angle,” contrary to
the moon echo results. The theoretical results of Sub-
section 1V, E indicate that the cutoff at the F region is
far from sharp, as the source altitude varies. Hence the
apparent difference between the solar noise and moon-
echo results is probably due to the greater intensity
range of solar noise bursts, and not to any difference be-
tween the two directions of transmission through the
ionosphere.

A comparison between the two directions of transmis-
sion is obtainable from the results at Hornsby and Rock-
bank. In the former case the transmitted ray has the
lower altitude, in the latter the received ray. Compari-
son of the altitudes of first detection at the two places
gave differences with a median value of 4.8°. This is
nearly equal to the 5° which wouldl be expected if the
lower altitude ray were the limiting factor in each case,
and f°¢, were constant over the region of interest.s

* The tests represented in Figs. 11 and 12 are a little different, as
the choice of suitable days for the two diagrams was based on
different criteria.

®If a® is the limiting altitude, echoes would appear at lornsby
for a Shepparton moon altitude of @ i.e., (@+5)° at Hornsby and
would appear at Rockbank at an altitude there of o°.

-
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D. Possible Interpretations

The general conclusion to be drawn from these low-
frequency moon-echo experiments is that transmission
of radio waves through the ionosphere is more difficult
than had been expected on theoretical grounds, at least
at low angles. Similar results were obtained by the
American group, who studied moon echoes at 111.5 Mec.
They report: “Frequently, even with the equipment to
all appearances in satisfactory working order, no echoes
are observed,”® whereas on other occasions echoes of 20
db above noise were received. The day-to-day varia-
tions reported by these workers® appear to be of the
same type as those observed in the present investiga-
tion, and so were presumably also of ionospheric origin.

In keeping with these results is the growing evidence
that satisfactory long-distance communication can often
be maintained on frequencies considerably in excess of
the maximum usable frequency (muf) predicted from
vertical incidence data.?:3 Thus, energy is being re-
turned to earth by the ionosphere under conditions in
which penetration would have been expected.

Green and Harrison? have recently reported an im-
provement in their muf predictions, obtained by using
an empirical correction factor. A simple increase of the
muf factor in this way, however, is not sufficient to
account for the moon-echo anomalies, particularly in
the case of the 111.5-Mc results.

Smith-Rose? attributes most muf anomalies to re-
flection from E, ionization. Additional evidence on the
part played by E, in oblique-incidence transmission is
obtained from the results of Appleton, Beynon, and
Piggott.”? They describe experiments showing that
amplitude variations of an F-layer first-order echo re-
ceived at a distance of 685 km are due at least in part to
absorption in the passage through the E, region.
Furthermore, any deviation occurring in E, would be
in the same direction as was observed in the moon-echo
work, and could also help to account for the muf
anomalies, in that E, deviation would increase the
obliquity of incidence on F: and hence increase the
muf.

However, the correlation of both moon-ccho
anomalies and muf forecasting errors® with f°p, scem
to indicate that F. and not E, is the important region.
The authors consider the most likely explanation for
the anomalous cffects observed in both moon echoes
and muf's would be found in an ionization distribution
in the F, region very different from the symmetrical
parabolic model usually assumed.

The theory shows that greater divergence and verti-
cal deviation would be obtained from thinner layers
(i.e., higher ionization gradients). The shape of the

U R. 1. Smith-Rose, “Radio-wave propagation research in the
Department of Scientific and Industrial Rescarch during the years
1937-46," Jour. IEE, vol. 94, Part I11A, pp. 879892, 1947

? .. V. Appleton, W. J. G. Beynon, and W. R. Piggott, “Anoma-
lous cffects in ionospheric absorption,” Nature, vol. 161, pp. 967-908;
June 19, 1948.
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upper portion of the F region is unknown, but the
ionization gradient there is physically more likely to be
smaller than that of the lower portion. Also, a lower
limit to the total thickness of the F region is imposed by
the known thickness up to the level of maximum ioniza-
tion. Extension of the thcoretical treatment of Sub-
section 1V, E also indicates that a “G layer” above the
F region, with a lower maximum ion density,* could not
account for the moon-echo anomalies, unless it were
very thin, which is physically unlikely at such great
heights. Moreover, it could have no effect at all on
muf’s.

Other experimental evidence that F-region refraction
is unexpectedly large has been obtained by Payne-Scott
and McCready.! With receiving equipment on a cliff-
top, they observed 60-Mc radiation from the sun as it
rose over the sea. Using an interference technique, they
determined the apparent direction of the source, in
relation to the corresponding direction for 200 Mc,
which was assumed to be unaffected by the ionosphere.

Deviations of 25 to 55 minutes of arc were obtained,
compared with the 12 to 13 minutes calculated from the
formula derived by Bailey®? for a symmetrical para-
bolic F layer. A reexamination of these results shows
that the deviation was too great, and its variation with
altitude too rapid, to be accounted for by either a non-
symmetrical F layer or a G layer.

A model involving horizontal irregularities seems
more promising. There is increasing evidence that F,
jonization is not homogeneous. Types of irregularities
observed include the roughnesses studied by Ratcliffe,?
and the pressure movements opserved by Munro.® If
the region were sufficiently unhomogeneous, the secant
relation between vertical and oblique incidence propaga-
tion would no longer be applicable. Increased divergence
attenuation would be expected in oblique transmission,
and increased vertical deviation would also be obtained,
in the sense observed in both the moon-echo and solar
noise work.

The other possible interpretation is that the dis-
crepancies between theory and experiment are due to
failure of the ray-theory treatment at very oblique in-
cidence.

VII. CoNCLUSIONS

The main experimental results from the 21.54-Mc
study of moon echoes were:

(a) Echo intensities were lower than the theoretically
expected values.

(b) Minimum altitudes, at which echoes were first
detected, were unexpectedly high.

(c) The anomalous values of echo intensities and
minimum altitudes for detection correlate with f°r,.

5 1), H. Menzel and D. K. Bailey, “The G-layer of the iono-
%phcrc”; Relations entre les phénoméenes solaires et géophysiques;
ollaque international tenu A Lyon en 1947; ditions de la Revue
d'Optique, Paris, pp. 163-166; 1949.
# G. 1. Munro, “Travelling disturbances in the jonosphere,”
Proc. Roy. Soc., A, vol. 202, pp. 208-223; July 7, 1950,
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(d) The slow fading was consistent with an iono-
spheric origin.

(e) The fast fading (order of seconds) was associated
with the moon’s libration.

(f) Millisecond pulses were elongated on reflection
from the moon.

(g) Ray deviations of several degrees in a vertical
plane apparently occurred.

From these results it may be deduced that:

(a) The observations are inconsistent with an ortho-
dox ray theory of transmission through a horizontally
stratified ionosphere, and the discrepancies are probably
due to the effect of irregularities in the F, region, or to
inadequacies in the ray-theory treatment.

(b) The moon isa “rough?” reflector at this frequency,
and hence presumably at all higher frequencies.

Or T 1R I March
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Some General Properties of Magnetic Amplifiers’
J. M. MANLEY}, SENIOR MEMBER, IRE

Summary—The magnetic amplifier is discussed ia general terms
as a carrier system in which there is a modulation gain and a small
demodulation loss. Relations are given which show how a magnetic
modulator may exhibit a gain.

Some results of calculation and measurement on the type of
circuit in which the modulator output consists of the even harmonics
of the carrier source for dc signal input are given. It is shown that the
ratio of dc gain to response rise time is a constant depending only on
the carrier frequency, the losses in the nonlinear core, and its non-
linearity. The conditions for self-oscillation at the carrier even har-
monics are also given.

N THE COURSE of some work on telegraph re-
J:[ peaters done in the Bell Telephone Laboratories,

Inc., a number of years ago, some of the basic prop-
erties of magnetic amplifiers were derived. Because of
the current interest in this subject, it was thought de-
sirable to publish some of these results. First a general
picture of the operation of a magnetic amplifier circuit

will be given, then some of the quantitative results of
analysis and experiment will be described.

GENERAL PICTURE OF MAGNETIC AMPLIFIER

The magnetic amplifier may be thought of as a com-
plete carrier system having considerable modulating
gain and only a small demodulating loss. The output of
the magnetic modulator is connected directly to an effi-
cient resistance demodulator input instead of through
the usual intervening long transmission line. The car-
rier source supplies the energy required for amplifica-
tion as the plate battery does in a vacuum-tube ampli-
fier. A schematic is shown in Fig. 1. The signal input

* Decimal classification: 538 X R363. Original manuscript re-
ceived by the Institute, September 15, 1949; revised manuscript re-

ceived, September 5, 1950.
t Bell Telephone Laboratories, Inc., Murray Hill, N. J.

must contain a dc component in order that satisfuctory
recovery of the signal from the demodulator may be
made. In some applications, the demodulator is not
used.
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Fig. 1—A magnetic amplifier pictured as a carrier system.

In an ideal magnetic modulator, a modulating gain
is possible because the side frequency power is drawn
in unequal amounts from the signal generator and the
carrier generator. In fact, the ratio of power taken from
the carrier source to that taken from the signal source
is always as great or greater than the ratio of their re-
spective frequencies if no losses are considered. An im-
portant factor in this is the fact that the voltage in-
duced in a winding by varying magnetic flux is propor-
tional to the frequency involved. Another important
factor is the 90° phase shift between this voltage and the
corresponding flux. Thus, in magnetic modulation when
Fhe ratio of carrier to signal frequency is fairly high, it
is po§sible for a small amount of power from the signal
circutt to cause a large amount of power to be taken
from the carrier source and converted into power at the
side frequencies. The interchange of energy between the
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various frequencies brought about by the modulation is
fescribed in more detail below. On the other hand, it is
mpossible, in general, to get a modulating gain with a
:‘wo-terminal resistance modulator, providing its volt-
ige-current characteristic has a positive slope. The
voltage across such a device is in phase with the current
and their ratio is independent of frequency in the ideal
:ase.

In an actual magnetic modulator, there are two addi-
tional sources of energy absorption in the signal input
sircuit. One of these is the loss in the magnetic core.
This loss increases with frequency, being zero at zero
frequency. The other is the loss in the resistance of the
signal input winding. This, of course, is not zero at zero
frequency and is the only one of the three losses which
is eflective in determining the dc gain.

Another factor which affects the gain, even of the ideal
magnetic modulator, is the inductance of the signal in-
put winding. This inductance, together with the three
‘input losses described above, may be thought of as limit-
ing the bandwidth or rise time of the amplifier response.
Ordinarily, the magnetic modulator gain is highest at
zero input frequency unless there is positive feedback
over a limited frequency band. As will be seen below,
the dc gain is roughly proportional to rise time of the re-
sponse and to the carrier frequency.

An ideal magnetic amplifier is effective at any fre-
quency. Limitations on values of frequency which can
be used in a practical magnetic amplifier may arise from
consideration of the carrier source and from the fact of
core losses. If the carrier frequency is such as to require
vacuum tubes for the generation of sufficient carrier
power, then for some applications the advantage of the
magnetic amplifier is nullified. The influence of losses is
discussed below.

It may be noted that a magnetic demodulator would
be unsatisfactory in a magnetic amplifier because its
loss would cancel the modulator gain. Consequently, a
resistance demodulator which can be made to have a
small loss nearly independent of frequency in the region
of interest, is used.

Ordinarily a full-wave rectifier of copper oxide or
selenium serves very well as demodulator. However,
when a half-wave detector is used, the resulting direct
current and signal, or part of them, flow through the
output winding. This has a feedback effect which can
be made positive or negative. Feedback can be had also
with the full-wave detector, by shunting part of the out-
put signal and dc through a separate winding for the
purpose. The effects of this feedback are similar to those
in a vacuum-tube amplifier. Signal phase shift through
the magnetic amplifier is determined almost entirely by
input and output circuits.

« Another kind of feedback can occur through the
modulation process. If the impedances connected to the
magnetic modulator are such that a lower side-frequency
current flows in a winding, then some power may be
delivered to the input circuit instead of being absorbed
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from it. This negative resistance effect will increase the
gain at certain frequencies and, if large enough, may
cawse oscillation to take place. The effect is discussed
further below.

Because a modulator has a nonlinear voltage-current
characteristic, a number of modulation products are
generated when a carrier of frequency' p, a signal of
frequency ¢, and a dc bias are applied to it. The fre-
quencies of these products are the sum and difference
frequencies np +mgq, where m and n are integers and the
number m4n is called the order of a modulation
product. The new frequencies are the Fourier com-
ponents of the distorted wave of voltage which is the
result of applying the two-frequency wave and bias of
current to the nonlinear voltage-current curve of the
modulator. Ordinarily, the modulation products of low
order have the highest amplitudes; hence, often, the
high-order products may be neglected. In the magnetic
modulator being considered here, those products for
which m+n is even depend for their presence on the
direct current. Among them are the carrier even har-
monics 2np and the side frequencies (p+g). If the
amplitudes of magnetizing forces of the signal and car-
rier are Q and P, respectively, the amplitude of the
modulation component np +mgq is proportional to Q~
when Q/P is considerably less than unity.

MAGNE TIC
«~ CORES
CARRIER -[-’\/\/\/—
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T INPUT LATOR | OUTPUT
Lp— —
ouTPUT
(=7

Fig. 2—Arrangement of cores and windings for
one type of magnetic amplifier.

In a magnetic amplifier, it is often desirable to select
for output certain of the modulation products and to
reject others. One way to do this is shown in Fig. 2.
All the early work referred to in the opening paragraph
was done with this type of circuit. In it, two magnetic
cores, as nearly alike as possible, were wound as shown.
Or, after the carrier windings have been put on, the
two coils are placed together coaxially and the windings
connected in series so that the direction of the mag-
netizing force in one core is opposite to that in the other.
Then a single input winding and a single output winding
are put on this combination. A cross section through this
arrangement may be seen in Fig. 10(b). It is essentially
the same as the one shown in Fig. 2. Considering prin-
cipal modulation products only, the components
(2np +¢q) and 2np appear in the signal output and in-
put circuits but not in the carrier source circuits. Also

! Throughout, the term “frequency” refers to angular frequency in
order to avoid the 2r factors.
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the components (2n4-1)p and [(2n+1)p+q] appear in
the carrier source circuit but not in the signal output
and input circuits. .

The amplitudes of the side frequencies (2np +¢q) are
proportional to Q and the amplitudes of the ¢ven har-
monics 2np are proportional to the dc bias, Consider-
ing one value of n only, the output products (2p+gq)
and 2p when applied to a linear rectificr, yield the orig-
inal signal 14cos ¢¢ at a higher amplitude. Since both
of these products are proportional to signal amplitude,
output is zero for zero input. Without the balancing of
the two cores and.the carrier windings, components in-
volving odd multiples of the carrier would appear at the
output, even when no signal is present, be rectified, and
give some dc output.

It is seen that in this case, the actual carrier frequency
is the second harmonic of the carrier source. In a prac-
tical circuit other even harmonics to a lesser extent will
act as carriers also. This type of circuit, which in cer-
tain cases has several advantages over the more com-
monly used one, was developed by E. T. Burton of
these Laboratories who originated the work on magnetic
amplifiers here in 1927.2 The principal application in
view then was that of a dc telegraph signal amplifier.

Another way to accomplish the separation of com-
ponents as described above is to use a three-legged core
with suitably disposed windings.?-%

The magnetic amplifier circuit most frequently used
now has the magnetic modulator in series with a gen-
erator and the load. Because of the wide variation of
nonlinear coil (magnetic modulator) impedance with d¢
control, large amounts of ac power in the load may be
controlled by small amounts of dc power. Using the
carrier terms as we did for the other circuit, the actual
carrier frequency here is that of the generator p and
the principal side frequencies are (p+¢). This circuit
has been used in two ways. The modulator load may be
a demodulator feeding the actual load, in which case
the output is an amplified version of the input. Or the
demodulator may be dispensed with and the carrier
used directly in the load. In the latter case the circuit
is sometimes called a transductor.t-#

With this second type of circuit, the output is not zero
for zero input since the coil impedance does not become
infinite. If several stages of amplification are to be used
in tandem, additional means must be provided to bal-
ance out this residual output.! In the first-mentioned
type of circuit, the residual output may be made very

2 United States Patent Nos. 2,164,383 and 2,147,688.

7 Other core arrangements are sometimes used, but the result is
the same.

* A. S. Fitzgerald, “Magnetic amplifier circuits,” Jour. Frank.
Inst., vol. 244, p. 249: October, 1947.

8 A. Boyajian, “Theory of d.c. excited iron-core reactors,” Trans.
AIEE, vol. 43, pp. 919-936; June, 1924.

¢ A. U. Lamm, “Some fundamentals of a theory of the transductor
11);4;113gnetic amplifier,” Trans. AIEE, vol. 66, pp. 1078-1085:

" R. E. Morgan, “The amplistat—a magnetic amplifier,” Elec.
Eng., vol. 68, pp. 663-667; August, 1949,

* L. W. Buechler, “Magnetic amplifiers for shipboard applica-
tions,” Elec. Eng., vol. 68, pp. 33-37; January, 1949.
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small by selecting pairs of cores and adjusting the car-
rier source windings. k

Another point of difference between the two types of |
circuit is in signal distortion. The second harmonic dis-
tortion of the signal is considerably smaller in the first-
mentioned type unless the bias component of signal is
large compared with the variable component.

The gain and output power of the two types arc of
the same order of magnitude.

In practice, the odd harmonics of the carrier are
often allowed to flow in the carrier input circuit since
this increases the output. The increcase comes about
through a straightforward modulation process. The flow
of other modulation products in the input and output
circuits may increase or decrease the gain, depending
on the particular product. The amplitude of one or more
of these products may be large because of sclf-resonance
in the input winding when a large number of turns is
used to obtain a high sensitivity.

It is desirable to prevent the flow of output com-
ponents in the input circuit. To accomplish this, choke
coils, simple and tuned, and filters have been used in
various circumstances. These all have some effect on
the input signal, either by introducing a loss or by slow-
ing down the response, or both. Or an undesired reso-
nance may occur. The effect of this part of the input
circuit has not been taken into account in anv of the
calculations described here. An experimental result is
given, however.

Consider the properties of the magnetic core which
make it suitable for used in a magnetic amplifier. Since
the coil with this core must be a modulator, it is neces-
sary for its B-II curve to be nonlinear. Also it is de-
sirable for it to have a large saturation flux density
and small losses. Iligher permeability, apparently giv-
ing greater nonlinearity for the same current, brings a
disadvantage in the form of increased eddv currents
unless the resistivity can be increased at the same time.
Eddy currents bring about an appreciable reduction in
the permeability from its dc value as well as energy
losses. No matter how thin the aterial, these effects
eventually become so large as frequency is increased,
that it is impractical to drive the coil hard enough to
get the necessary nonlinearity between B and /7. Thus
the ferrite materials, though having small dc nonlinear-
ity, may be superior to tape at high frequencies.

One difficulty with magnetic amplifiers is that under
certain conditions, the side frequencies and even har-
monics of the carrier which appear at the output, may |
be sustained after the signal input has been removed. In
the case of the even harmonics, there are certain values
of output impedance which permit this unstable situa-
tion and others which do not. It is shown below that

the boundary between these two sets of values is defi- {

nite. The conditions for the maintenance of the side
frequencies after the removal of the signal are more
complicated and have been discussed elsewhere.?

*J. M. Manle){ and E. Peterson, “Negative resistance effects in
saturable reactor circuits,” Trans, AIEE, vol, 65, pp- 870-881; 1946.
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The foregoing is a brief summary of various aspects of
he operation of magnetic amplifiers. In the following,
ome quantitative analysis and results will be described
riefly and some experimental results given. After this,
he effects of some modifications of the simple circuit
escribed above will be mentioned.

ANALYSIS

In magnetic modulation, the writer’s experience has
hown that the best approach is to calculate the flux
unction corresponding to some appropriately assumed
nagnetizing force function, using a simple B-II curve.
n deciding what is appropriate, experimental results
ire very helpful. Where the circuit has a few resonances,
yne or two or possibly three sine waves often will give a
atisfactory representation of the magnetizing force.
Nhen this is done a Fourier series for the flux is com-
suted. From this a Fourier series for the voltage on any
winding may be obtained. Then in each mesh, a simple
sircuit equation for each significant component of the
ieries is written. Satisfaction of these equations then
jetermines the magnitudes and phases of the assumed
nagnetizing force waves if the original assumptions
vere reasonable.

Where the circuit has a broad frequency character-
stic, usually there are too many significant Fourier com-
sonents in the magnetizing wave for the above method
0 be satisfactory. Then another approach must be
‘ound which deals with the wave forms directly.'® In
the magnetic amplifier problems treated here, the first
method of considering a few sine-wave terms has
proved useful.

Experience has shown that in problems like this one
where the magnetizing wave carries the core fairly well
into saturation in both directions, the principal modula-
tion effects can be calculated using a single valued
B-II curve. This greatly simplifies the work, because
it is difficult to deal analytically with hysteresis loops,
especially when the magnetizing force contains more
than one sine wave." In those cases where the single
valued curve can be used, the main effects of the loop
are to introduce losses and phase shift with respect to
the driving wave. The latter is of little consequence
usually, but the former may prevent the finding of
accurate solutions to the circuit equations because of
the difficulty of computing losses.

A. Open-Circuit Electromotive Forces

The simplest calculation of value is that of the out-
put even-harmonic voltages when no output current 1s
allowed to flow. Here the magnetizing force is

I =Q+ Pcos pt (1

19 L. Peterson, J. M. Manley, and L. R. Wrathall, “Magnetic gen-
eration of a group of harmonics,” Bell Sys. Tech. Jour., vol. 16, pp.
437-455, October, 1937.

1 R. M. Kalb and W. R. Bennett, “Ferromagnetic distortion of a
two-frequency wave,” Bell Sys. Tech. Jour., vol. 14, pp. 322-359;
April, 1935.
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and a satisfactory representation for the B-H char-
acteristic of the core when losses are neglected is

2B,
B(h) = —— arc tan k/a

T

2)

This characteristic is shown in Fig. 3(b) where it is seen
that B,, is the saturation flux density and a is inversely
proportional to the slope for small 4.
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Fig. 3—B-H characteristics.

The Fourier coefficients of flux density may be com-
puted in a straightforward way after (1) is put in (2)e
We have

B(II) = bo/2 + 2, (ba cos npt + a, sin npt).

Nl

3)

For the purpose of calculation, it is convenient to ex-
press (2) in the infinite integral form. The results are

a, =0
by, = 4B,/m(—)"V/? real part of I, n odd
= 4B,/x(—)"'* imaginary part of 7, n even, 4)
where

1
I=— {1 4 ¢ = jolr = (¢ —jol~ (9

in which r=a/P and g=Q/P. An approximation to
this when Q/P is a fair amount less than unity is

4B, [(1 + V2 — 1]
T n

5 . g
-sin n| sin!
(1 4 r)re

In

T 1r/2:|. (6)
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A comparison of (5) and (6) for n=2 is given ir} Iig. 4
The output second-harmonic voltage amplitude is

given by
e; = 2pNo2A4b21078 volts, (7)

where N, is the number of turns in the output winding
and A4 is the cross-sectional area in square centimeters
of each core. Calculation and measurement of second-
and fourth-harmonic electromotive forces were made
for a coil having the following properties:
Core: 3.8 per cent chromium permalloy, 3 mils thick;
mean diameter, 2.5 cm; cross-section area, 0.022

cm? each.
0.50
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0.45 / \\
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Fig. 4—Second-harmonic flux-density component as a
function of bias.

Turns: Carrier, 400 each, input, 4,000; output, 200.
Curves of these measured and computed voltages are
plotted in Figs. 5 and 6. The agreement is seen to be
fairly good except for the smallest value, P=1. Probably
the reason for this is that the assumed B-H curve 2)
is unsatisfactory for small amplitude swings. Calcula-
tions have also been made using the straight-line
B-H curve of Fig. 3(a) and also using a loop having
straight line branches as in Fig. 3(a). The results are
essentially the same as those given above.

If a signal term Q cos ¢t is added to the magnetizing
wave (1), the most important side frequencies at the
output are (np+gq), n being even. Their amplitudes
when Q/P is not too large are one-half the value of the
nth harmonic amplitude given by (6). In the second
type of circuit mentioned above, in which the load is in
the carrier source circuit, we are interested in the varia-
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Fig. 6—Measured and computed values of fourth
harmonic voltage. .

tion of the carrier voltage with dc signal, to take the l
simplest case. In Fig. 7, the fundamental component of |
flux is plotted as a function of Q/P for several values |
of a/P when the magnetizing wave (1) is applied to ‘i
B-II curve (2). These were computed from

b, 1+,2_g2+[(1_,z_gz)z+4,z]1/z 1/2 I
(= ) @

4B./x 2
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vhich was derived from (4) and (5). The fundamental vo =
roltage across the coil is then )
ey = pN 245,108 volts. (9) B ‘IT 1 T 1T ]
|
. 2.5} e o) e
3. Second-Harmonic Qutput Current } ' -
=0.2
The difficulty of deriving an analytical expression for = ] he/P=0.3
he second-harmonic current lies in the fact that the -3.0 1 4 !
low of this current affects the amount of second-har- Jr —
nonic generated voltage through intermodulation with 3 & -1t i
he other components. This is a nonlinear feedback effect 3.5 L]
e 0 A 0.5 ® 0.5 1.0 1.5 2.0 25
lepending on fifth and higher orders of modulation. Soa R/Xo
.wumerical calculation had to be made, and this was ] .
o . Fig. 8—Second-harmonic current computed as a
imited to one case. function of external impedance.
A B-H curve made up of three straight lines as
hown in Fig. 3(a) was assumed. The magnetizing E9 [
orce wave 1s 09 4‘[\“ hQ//F;:o_z
o . =0.3
H = Q+ Psin pt + S sin (2pt + 26), (10) L\ S
0.8 S W
vhere S and 8 are to be determined. If the flux density l ‘J‘
s expressed as the Fourier series (3), then ST T AN
\ ACTUAL VALUES
P ( 0.6 - e FRon/A FIG. 5 k| i
R/Xo = b, cos 20 — a, sin 26 & \ FOR X[Xo=-1.10
2B, S ) 4 Aosl *\
4l P . \\\ \
X/Xo = —— — (b2 sin 20 + a; cos 26) 0.4 1 — \b 1 |
2B, S es/RA 1] N
. . . . . 0.3 —— (APPROX. Sael ~ S —
nust be satisfied if (10) is a solution. In (11), X, is a VALUES) “Fael) '
-eference value of reactance equal to the reactance of the 0.2 t e SR
sutput winding for very small values of output current. ,
Calculation shows that the inductance corresponding to ot , i I REREN R
:he reactance X, is approximately*? 0 '

4Ny24107° 2B
Ly= ———— “—hy.

d TP (12)

wvhere d is the mean diameter in centimeters of the core,
and the other parameters have the same meaning as
before. R and X are resistance and reactance, respec-
tively, of the external output impedance. The coeffi-
Vients b, and @, were computed for several values of
S/P and 0 and their values put into (11). Because of the
length of the calculations, they were done for only one

12 The effective inductance of the carrier winding to the carrier for
the same number of turns is approximately twice Ls.

] |
0 02 04 06 08 10 12 1.4 1.8 18 20 2.2
R/Xo

Fig. 9—S8econd-harmonic current as a function of external
resistance for a fixed value of reactance.

value of Q/P, and one value of k./P. The results are
shown in Fig. 8 where X/X, is plotted against R/X,
for constant values of the amplitude ratio S/P.

If we consider a fixed value of external reactance,
second-harmonic current amplitude may be plotted
against resistance of the load. Taking X/X,= —1.1,
the output winding inductance is nearly tuned out and
the solid curve of Fig. 9 results, the values having been
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taken from Fig. 8. ‘The dashed curve of Fig. 9 is plotted
f
rom 13)

where ez is the open circuit voltage computed in Section
4 above. It is seen that when the output winding in
ductance is tuned out, a fair approximation to output
current may be had from the ratio of open circuit elec
tromotive force and load resistance. This is particularly
true for larger values of K where the nonlincar reaction
of output current is small

It should be¢ emphasized that the assumption of a
single-valued B-I/ curve above means that all core
losses are neglected. ‘Thus, in applying the curves of
Figs. 8 and 9, the internal resistance of the output
winding would have to be considered part of the ex-
ternal resistance R. No very satisfactory methods have
been developed for the calculation of this internal re
sistance becausc of the complications of eddy current
and hysteresis effects, both of which are nonlinear here.
Measurements indicate that this resistance varies ap-
proximately inverselv with carrier amplitude, as does
the inductance, when the carrier amplitude is large
enough to magnetize the core somewhat beyond the
knee of the B-H curve,

iz L'z/ R,

C. Direct-Current Gain and Rise Time of Response

The modulating gain from dc to second harmonic
output may be computed if a few reasonable assump-
tions are made. This is very nearly the same as dc gain
since the loss in the demodulator is small. Consider the
simple equivalent circuit shown in Fig. 10(a). It is

TYPICAL
~TURN

M-y »{2VA e

INSULATION ~ \
AND CARRIER

‘SPA
oI SPACE FOR OUTPUT

AND INPUT WINDINGS

Fig. 10—(a) Simplified magnetic amplifier circuit. (b) Cu taway
drawings showing physical arrangement of cores and windings,
assumed that the second harmonic current flowing in
the output circuit is given by the approximation sug-

gested in Section B, i.e.,

€2

R+ R, (14)

PROCELEDINGS OF THIS IR I

Mare,

where e, is the open circuit electromotive force as foun
from (7). We also assume that the internal resistance R
of the output winding is some constant fraction D
of the reactance X, of this winding. let R4+ R, = X,
taking a value which by Iig. 8 will not permit self]
oscillation, Then second harmonic power 1s
WZ B €2 1 Do,
X, 2
where Do=Ro/Xo. \When Q/P is considerably less thai
unity, a satisfactory approximation for b, in (6) yield
for e;

(15

16
e, = — 108 pB,.N468Q/ P

™

(16

where

(V14717 — 1)
Ve
is a factor depending only on the degree to which the

carrier wave swings the core into saturation. X, is the
reactance of L, at frequency 2p. Hence from (12

32 N4 B,

— 10—*
T ? d P

B = (11,

Xy = (18)

Combining (15), (16), and (18) we get for output power

4 X 107 302
P

2 = — pB.v (1 — Dy) watts, (19)
7|’2

where v is the volume (7 Ad) of the core in cubic centi-
meters.
The input power is

W, = IR. (20)

R, is the resistance of the input winding. A calculation
for this is made in the Appendix, assuming, as shown in
Fig. 10(b), that the inside diameter of the total winding
is one-half the mean diameter of the core. This is known
to use the winding space to the best advantage. The
result is

54 X 107¢ N’«

R; 21
wikd (21
where
1 4 8v/A/d
a = v4/ (22)
1 — 43/A/d

and k is the proportion of output and input turns used |
for input. |
‘ The magnetizing force Q of the input is related to the |
imput current by il
0 0.4N.1, 2

y @)

And so we have for the dc gain
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1% kg
a2 Ly g 0t EBER e (- B - (8 2
W, ad P " 1.
1 W, = mp[ ——f ——]
hus the dc gain is proportional to carrier frequency, mp + ng  mp — nq (29)

ituration flux density, and core area. The steepness of
1e B-IT curve enters through 8 and is a factor of less
nportance.

The rise time of response is entirely determined by the
se time of current in the input circuit. If there is no
xternal resistance in the input circuit, then we may
ake for this time

r = Li/R;, (25)

.; being the inductance of the input winding. For a
iven inductance, the rise time will be reduced by the
ddition of external resistance, but this will reduce the
ain because of the increase in W'. Using the relation of
12) and substituting N; for No, L; may be computed.
“his gives

(26)

k
=3 X 1074 B,y —— sec.
Pad

al
“ombining this with (24), we get the simple expression
G/t =4p82(1 — Do) (27

s/hich shows that under the conditions noted above, the
ise time increases in direct proportion to increases in
ain.

Taking an example from some of the early work re-
erred to abiove, consider a pair of molybdenum permal-
oy cores each weighing 2.5 grams and having a mean
liameter of 3 cm. A reasonable figure for D, for these is
/5. Using P=2, r=0.2, and k=0.75, we get

G = 0.063p, 7 = 0.045 sec.

f the carrier source frequency is 2,000 cycles, then G
s about 29 db.

D. General Energy Relations

As mentioned above, it is possible to derive general
‘elations which show how the interchange of energy be-
:ween the various frequency components occurs in the
nodulation process. These show how it is possible to get
1 modulating gain in a magnetic modulator.

Consider the case where two generators of frequencies
5 and g are connected to a load Z and a magnetic modu-
ator having a single-valued B-IT curve. Also assume
hat only those current components of frequencies p, g,
np+ng, and mp—mnq are allowed to flow. l.et W, and
W, be the powers absorbed by the magnetic modulator
‘rom the two generators and W, and W_ the powers
lelivered to the resistance component of £ at the upper
and lower side frequencies, respectively, by the modu-
ator. Then it may be shown by processes, which space
loes not permit to be reproduced here, that

W, 4 W,= Wi+ W_ (28)

W, w_
S P
% mp 4+ nqg mp — ng

Relation (28), which states that the sum of the powers
absorbed by the modulator is equal to the sum of the
powers delivered to the load by the modulator, is to be
expected from the conservation-of-energy law. No
power is dissipated in the idealized modulator itself
since it was assumed to have a single-valued B-IT
curve, i.e., to be purely reactive. Relation (29) shows
that the power taken from each generator depends di-
rectly on its frequency. Similar results may be obtained
in a generalization in which any number of side-fre-
quency pairs are allowed to flow."

When only the lower side frequency mp —ngq flows, we
see from (29) that W, is negative, i.e., power is de-
livered to the g circuit instead of being taken from it."
This is the negative resistance effect which causes re-
generation and if it is large enough to overcome the
losses in the input circuit, oscillation will occur at fre-
quencies determined by the resonances of the circuit.

If only the upper side frequency is allowed to flow, the
modulating gain is

W, mp+ ng

30
W, ng (30)

It is difficult to assign a definite value to the ratio
W,/ W, in the more practical case in which both upper
and lower side frequencies flow because the ratio de-
pends on the values of external resistance and reactance
to both upper and lower side frequencies and because
of the cross-modulation effects. The negative resistance
introduced into the ¢ circuit may or may not be large
enough to make W, negative or zero, depending on the
impedance to the lower side frequency and the input
circuit losses. If the impedance to the lower side fre-
quency is not infinite, there is a regencrative effect, at
least so that the ratio W,/W, is greater than mp/nq,
the value it has when current at only the upper side
frequency is allowed to flow.

E. I'nstability

As mentioned above in the general section, it is pos-
sible for an unstable situation to exist in a magnetic

_ ' The results (28) and (29) may be obtained under similar condi-
tions with a capacitance modulator the voltage of which is some
arbitrary nonlincar single-valued function of its charge. A particular
case has been worked out in detail by R. V. L. Hartley, “Oscillations
in systems with non-lincar reactance,” Bell Sys. Tech. Jour., vol. 1§,
Pp. 424-444; |uly, 1936. This was demonstrated by I.. W. Hussey
and L. R. Wrathall, “Oscillations in electromechanical systems,”
Bell Sys. Tech. Jour., vol. 15, pp. 424-445; July, 1936.

W The relation of the sign of introduced resistance to the side
frequency allowed to flow was shown first by R. V. L. Hartley under
more restricted conditions. Sce E. Peterson, “Atomic physics and
circuit theory,” Bell Lab. Rec., vol. 7, p. 231; February, 1929. Also
see footnote reference 9.
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amplifier such that even harmonic output persists after
the removal of input or arises from some temporary
disturbance other than input signal. This is true for
both types of circuit discussed above. Ordinarily, even
harmonics are not present in a ferromagnetic coil which
is being magnetized sinusoidally. However, it has been
found experimentally that they do appear under certain
output or input impedance conditions.’

A calculation similar to that described in Section B
was made with the assumed magnetizing force as in (10)
except for the absence of hias Q. This is,

H = Psin pt + S sin (2pt + 20). (31)

From the results, permitted values of X/X, and R/ X,
were plotted one against the other as in Fig. 8 for con-
stant values of the amplitude ratio S/P. One of these
curves (for §/P=0.1) is shown in dashed line on Fig. 8.
This curve is nearly semicircular, centered at X/X,
=—1, R/Xo=0. Within this curve lie all those for
larger values of S/P. Calculation (using the B-H curve
(2) ) shows that as S/P approaches zero the curves
X/Xo versus R/X, approach a limiting curve which is
the circle

(R/X)*+ (1 + X/Xo)® = ¢ ®sinh=17.  (32)

This limit is just beyond the dashed curve of Fig. 8.
Thus if the external impedance connected to the output
winding (or one equivalent to it) lies within this circle,
instability will result. For impedances outside the circle,
generation of an even harmonic without dc input cannot
occur. However if the impedance is near the Limit,
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= o " —
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x p
o VARIATION OF R i |
g %) -
< P <
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af A
VARIATION
L OF C FUNDAMENTAL
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¥ V FAILS TO RETURN TO ZERO
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= (sar a1 a)
2
(o]
=
OBTAINED BY

VARIATION OF R

BIAS INPUT CURRENT

Fig. 11—Diagrams showing effect of regeneration becausc of
second harmonic current,

Mare

though outside it, the output-input curves shown i
Figs. 4, 5, and 6 will be distorted as shown in Fig. 1]
These latter curves were obtained experimentally. A

mentioned before the internal resistance of the outpu
winding must be included in the total circuit resistang
R of Fig. 8. That is, in reducing actual external re
sistance, we can never reach the zero value of R,

This effect of output without input, caused by ai
unstable condition should not be confused with a simila
cffect caused by a lack of carrier balance. If in the cas
where the modulator output consists of the carrier ever
harmonics (2np) and the side frequencies (2np +¢q), the
carrier input coils are not perfectly balanced, a smal
amount of carrier (p) will be present in this circuit,
This will be rectified and appear in the signal outpul
circuit as a dc component which has no relation to the
input

EFFECTS oF MODIFYING THEE SIMPLE CIRCUIT
USED FOR ANALYSIS

In the practical use of magnetic amplifier circuits it
has been found desirable often to use circuit arrange-
ments somewhat different from the simple one used in
the preceding analysis in which only a few current com-
ponents were allowed to flow. A few experimentally
observed effects of the changes are described.

If instead of tuning the carrier input circuit in order
to have sinusoidal carrier current, we connect the carrier
generator directly to the windings, odd harmonics of
the carrier frequency will flow in this circuit. This has
the effect of increasing the second harmonic output as
shown in Fig. 12 by a factor of about two. A simple com-
putation using a cubic characteristic shows that this
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Fig. 12—Effects of supplying carrier current in two different ways,

increase is the result of a straightforward modulation
between the carrier, its third harmonic, and the dc
signal. A study of general energy relations as given
a.bove shows that the tlow of odd harmonics of the car-
rier increases hoth 1V, and W, in such a way that their
ratio remains constant.

—
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In order to make the amplifier operate on very small
aput currents, a large number of turns may be used
r the input winding. In some of the early work dis-
repancies between calculated and measured values
sere traced to self-resonance in the input winding.
“hese resonances allow large circulating currents which,
hrough modulation with other components, may either
acrease or decrease the desired output. The same effect
nay arise when externally connected impedances reso-
\ate with a winding at an important frequency. This is
een in Fig. 13 in the case of the input circuit. Since the
wtput winding is equivalent to the input winding ex-
ept for impedance level, the effect is found there also,
s shown in Fig. 14.
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APPENDIX

Consider the winding for the toroidal coil shown in
Fig. 10(b) to be made up of a series of rectangular
helices, a typical turn of which is shown. The number of
turns in each helix is

ny = (d/4 — VA)/a.

The number of helices is determined by the inner di-
ameter of the winding space and is

% = (xd/2)/a.

a being the diameter of the insulated wire. The total
number of turns that can be put in this space is then
= Nnn,. The mean length of turn is

l=d+ 8vA.
The resistance of this winding is
8vA+d
=p——— .
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Fig. 14—Effects of two different ways of tuning the output circuit.

p being the resistivity. Let k be the fraction of N which
is used for input winding. Then eliminating a® between
the expressions for R, and N;, we have for input re-
sistance
54 X 1078 N2
R; =

i ee——————

w2kd

where
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Experimental Evaluation of I)iversity
Receiving Systems”

JOHN L. GLASIERT, ASSOCIATE, IRE, AND S.

Summary—Methods used in a long-range experimental study of
fading with ordinary and diversity receiving systems are discussed.
Results are expressed statistically in terms of the nonusable circuit
time and also in terms of the number of fades per minute below least

usable level.

Data for this analysis are obtained on semiautomatic equipment
which measures the total time the signal spends in each of seven
pre-established intervals of signal strength and counts the number
of times the signal enters each interval. The instruments thus ac-
complish at the time of recording a substantial part of the analysis.

research program to evaluate the performance of
diversity receiving systems which are of interest
to the Signal Corps. lixperimental techniques are de-
scribed and the statistical concepts which have been
adopted for presentation of performance data are dis-
cussed with respect to the problem of expressing the
rehiability of a facility in explicit terms. A review of
experimental findings is presented in a companion paper
which follows in this issue of the PROCEEDINGS.!

Diversity reception is a means for combating the fad-
ing of radio signals, so an investigation of it requires the
recording and description of the fading encountered
with the various systems considered. A high-speed strip
recording of signal strength over « single radio channel
reveals that signal strength varies in a random manner
and that fading does not have a periodic characteristic.
Since the frequency of fading and the total range of
fading cannot be expressed explicitly with any real
meaning, it follows that a mathematical treatment of
the problem must be based on statistical concepts.

An established method for describing the fading of a
signal is in terms of the probability that the signal
amplitude will at a particular instant be iess than a
designated amplitude. Assuming that the signal at a
single antenna is the resultant of many signals arriving
in random phase, it can be shown? that the probability
that the signal amplitude will be less than s is

P(is)=1—c¢

f}[!lllb PAPLER deals with methods being used in a

(e/20)®

where so is the long term, root mean square of the signal
amplitude. This function is shown graphicallv in the
curve marked “nondiversity” in Iig. 1.

* Decimal classification: R428 X R113.1. Original manuscript re-
ceived by the Institute, July 26, 1950; revised manuscript received,
November 21, 1950,

The work described in this paper was carried out under contracts
between Signal Corps Engineering Laboratories, Red Bank, N. I
and \Washington University, St. Louis, Mo., under Contracts No.
\W36-039 sc-32277 and No. \VW36-039 sc-38256.

t Washington University, St. Louis, Mo,

'S. H. Van Wambeck and A. H. Ross, “Performance of diversity
receiving systems,” this issue, pp. 256-265.

? Lord Rayleigh, “Theory of Sound,” vol. 1, p. 41, 2nd ed., Mac-
millan Co,, New York, N. Y.; 1894, (Also Dover Publications, New
York, N. Y.; 1945))

H. VAN WAMBECKT, SENIOR MEMBER, IRE

The improvement afforded by the use of diversity
reception results from the fact that the signals received
under different conditions do not generally fade to-
gether. These different receiving conditions might be at-
tained, for example, with spaced antennas, by use of
antennas of different polarization, or by using different
frequencies. In the usual system, a separate receiver is
used for each channel. The receiver outputs are con-
nected to a circuit which selects the strongest signal as
the diversity output. A diversity signal selected in this
manner will fall below a particular amplitude only when
the signals in all channels are simultaneouslv below
that amplitude.

PROBABILITY OF
SIGNAL LYING
BELOW s

1o

NON-DIVERSITY
06 e~

DUAL DIVERSITY

0 21

—

L s
05 o 20 ‘LONG TERM RMS

Fig. 1—Curves showing the probability that a nondiversity and a
dual-diversity signal amplitude will at any instant be less than a
designated amplitude. Uncorrelated Rayleigh distributed fading
on the two diversity channels is assumed.

The probability that two independent events will
occur at the same time is the product of the probabilities
that each will occur by itself. Therefore, if the fading of
the two signals in a dual diversity system were com-
pletely independent, the probability that the amplitude
of both signals would be below a designated amplitude
is the square of the probability that each (considered by
itself) will be below that amplitude. Therefore, with a
dual diversity svstem with completely independent fad-
ing on the two channels, the probability that the com-
bined signal will fall below s is [P(s)]2. The function
[P(s)]"' is shown in the curve marked “dual” in Fig. 1.
Similarly for triple diversity with completely independ-
ent fading this probability is [P(s) J2.

The foregoing discussion assumes, first of all, that the
signal is fading with a Ravleigh distribution and, sec-
ond, that the fading of the two or three channels is
completely independent. Based on such assumptions,
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elonek, Fitch, and Chalk® made an interesting analyti-
al study of diversity improvement. But their analysis
id not show what separation of antennas would give
his uncorrelated fading nor what correlation exists for
articular spacings or between the fading on two differ-
ntly polarized antennas. It appears that this informa-
ion must be obtained experimentally.

It is conceivable that a program could be directed
oward determining a statistic which is a measure of the
orrelation between the fading on the several antennas.
>resumably such information could then be interpreted
n more practical terms to show the actual improvement
n transmission capacity resulting from the use of vari-
yus diversity systems. There appeared, on the other
Jand, to be considerable virtue in obtaining statistical
esults directly in terms applicable to the problem of
:ngineering a receiving facility.

In selecting the terms in which the experimental re-
sults should be expressed, consideration was given to the
mnanner in which diversity systems improve reception.
For one thing, diversity reception smooths out the varia-

ions in signal strength resulting from fading. However,
his can often be accomplished to a sufficient extent with
wutomatic gain control or with limiters. The real value
»f diversity reception is presumed to lie in the decrease
n the probability that the several diversity signals will
oe lost in the noise at the same time. The diversity im-
provement results from the fact that the combining cir-
-uit has more than one receiver from which it may select
the strongest output and that the combined diversity
signal will be unusable only if all of the contributing
signals are unusable. If only one receiver contributes to

_*Z. Jelonek, E. Fitch, and J. H. H. Chalk, “Diversity reception,”
Wireless Eng., vol. 24, p. 54; February, 1947.
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the output at any time, the noise level is that from just
one receiver.

Having established this as the basis for judging diver-
sity performance, the experimental program was di-
rected toward determining the fraction of the time for
which a diversity signal was below various amplitudes.
If, from measurements at a prospective receiving site,
a least usable level can be determined, the experimental
results will show what per cent lost time will result with
the various diversity systems. It was also considered
desirable to know how often the signal faded below
various levels. The experiments were arranged to give
this information also.

Let us consider the matter of unusable time in terms
of an example. Fig. 2 shows typical simultaneous record-
ings of the fading of a nondiversity and a diversity sig-
nal. If the level shown by the solid line were the least
usable level, the nondiversity system would have been
unusable for a certain fraction of the total time. Also
the signal faded below this level a certain average num-
ber of timnes per minute. With a combining system which
selects only the strongest signal, the least usable level
is the same for the diversity system. The curve here
shows the amplitude of the stronger of the two diversity
signals. The combined diversity signal will be unusable
when this stronger signal is less than the least usable
level.

It can also be seen here that the unusable time de-
pends upon the location of the least usable level relative
to the received signal. If, for example, the transmitter
power were increased, both the diversity and nondiver-
sity curves here would be shifted upward an appropriate
number of decibels, thereby reducing the unusable time.
Similarly, if the least usable level is established (as is
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Fig. 2-—Af example showing the dependance of nonusable time and fades below least usable level upon the
strength of the received signal relative to the least usable level.
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usually the case) by the interference picked up by the
antennas, improved receiving antenna directivity favor-
ing the desired signal and discriminating against the
interference will reduce the unusable time.

A convenient measure of the least usable level rela-
tive to the received signal 1s the quantity 4 shown in
Fig. 2. The amplitude of the received signal is measured
here in termis of its median. This is the value which it
exceeds one half of the time. If the per cent unusable
time is plotted as a function of A, onc obtains curves
of the type shown in the lower left corner of IVig. 2. The
curves in this figure show the percentage time spent be-
low various signal amplitudes. Signal amplitudes as
shown are measured relative to the median.

Similar curves can be drawn for the fading rates.
I'he curves in the lower right corner of Fig. 2 show the
average number of fades per minute below the various
signal amplitudes. Here again, signal amplitude is given
relative to the nondiversity median. That is to say, the
abscissa is the quantity A4

Such information as this could be extracted from strip
records like the example used in Fig. 2. Although a very
short sample is shown to illustrate the principles, many
hours of data would be required to give reliable statisti-
cal information and the procedure would be costly and
slov.. l'or this reason, an instrument was developed
which analvzes the fading signals directly in usable
terms at the time 1t is received. A simplified diagram of
this instrument is shown in IFig. 3. This instrument de-
termines the time spent in each of seven preset inter-
vals of signal amplitude. These times are indicated on
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seven clectrically operated clocks. Counters connected
in parallel with the actuating coils of the clocks show
the number of times the signal entered cach mterval,
Because the median signal strength varies from one test
to the next, the setting of the intervals bears no fixed
relation to the median. The relation of the median to the
various intervals during a particular experiment is de-
termined by recording also the signal received with a
nondiversity receiving system. The nondiversity and
diversity recording is done with the same instrument on
a sampling basis, recording the two during alternate
ten-nunute periods.

Fig. 3 shows also the diversity combining circuit. Se-
lection of the strongest diversity signal is accomplished
by use of a common load for the second detectors of the
diversity receivers. The voltage developed in this load
by the strongest signal biases the detectors of the other
receivers so that (except when two signals are about
equal) only one signal contributes appreciably to the
combined output. The selection of the strongest signal
is enhanced by the use of a common automatic gain con-
trol with which the gain of all receivers is determined
principally by the strongest signal.

The second detector load is in the form of a voltage
divider which is switched between the diversity and
reference receivers for alternate ten-minute periods. The
six taps on this voltage divider are connected to six dc
amplifiers whose outputs control the conduction in six
pairs of gas tetrodes. These gas tubes are connected in
60-cycle full-wave rectifier circuits whose outputs con-
trol a series of relay. With no signal at the input of the

|
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ABOVE CIRCUIT REPEATED
FOR OTHER &
CHANNELS

CLUTCH AND
COUNTER
POWER

Fig. 3—A simplified diagram of the recording instrument.
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-eceivers, all of the gas tubes are biased to nonconduc-
jon. As the input signal increases, a point is reached at
xhich the pair of gas tubes at the top of Fig. 3 begin to
sonduct, closing the relay associated with this circuit.
A further increase of 6 db in the input signal causes the
1ext pair of gas tubes to conduct closing its relay. When
‘he signal amplitude is less than that which causes the
irst pair of tubes to conduct, the clock marked “0” runs.
When the signal amplitude reaches the point at which
‘he first pair of tubes fires, clock “0” stops and the
-lock marked “1” starts. This same process is continued
1s amplitude of the signal increases through each of the
ntervals of signal level.

The taps on the voltage divider are adjusted so that
successive channels fire at increments in the signal
strength of 6 db measured at the input of the receivers.
Thus the sixth channel fires when the receiver input is
30 db above the amplitude which fires the first channel.
Calibrating the system in terms of receiver input volt-
‘ages takes into account the nonlinear response of the
receivers with their automatic gain control. Great care is
taken to match the response characteristics of the non-
iversity and the several diversity receivers. The cali-
bration is therefore valid whether the recording instru-
ments are connected to the diversity or the nondiversity
system. If the diversity output is determined by only
the strongest input signal, the response of the diversity
system is that of each of the diversity receivers alone.

A clock which runs continuously is used to show the
total recording time. The sum of the other seven clocks
should agree with the reading of this clock providing a
check againSt faulty operation or misreading. Actually
there is slightly more lag in stopping the clocks than in
starting them, due to the transients in the switching cir-
cuits. The total of the clocks for the seven intervals
generally exceeds the reading of the continuous clock by
one half to two per cent, depending on the rapidity of
fading. The time measurements in those intervals where
the signal spends most of the time are accurate to within
about one per cent, although the percentage error is
greater in those intervals where the time is made up of
short periods.

The counters indicate the number of times the signal
entered each interval. Except at the start and end of a
run, the signal must have left each interval as often as
it entered it. Each time it leaves an even-numbered
interval it enters an odd-numbered interval either above
or below it. Therefore, the sum of the counts in all even-
numbered intervals should equal the sum of the counts
in all odd-numbered intervals. These relations hold as
well when the counts have been divided by the total
recording time to give counts per minute, providing a
check on some of the computations.

.
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The principal reason for recording the nondiversity
signal is to determine how the boundaries separating
the intervals are situated relative to the median signal
strength. It is pure coincidence when the median hap-
pens to be one of these boundaries. The median can be
determined by plotting on suitable co-ordinates the per
cent time spent below each boundary as a function of
the signal amplitudes they represent and reading from
the resulting curve the level corresponding to 50-per
cent time.

Knowing then the relation of the median signal ampli-
tude to the firing levels of the recording instrument, it is
possible to plot curves for each test period of the type
shown in the lower half of Fig. 2. When the curves ob-
tained from several tests of the same diversity system
are plotted on the same chart, the curves do not in gen-
eral coincide, indicating some variability in the observed
performance. As a general rule, the curves do fall into
distinct groups. Average performance might be ex-
pressed by averaging the ordinates of the several curves.
However, the variability in the performance is almost
as significant a characteristic of the diversity systems as
the typical performance. A number of established meas-
ures of variability could be used. A convenient method
of showing this is to indicate areas on the graph which
include the middle half of the group of curves for a par-
ticular diversity system. Examples of this presentation
of the interquartile range will be found in the paper
which follows.!

The problem of diversity system evaluation is by its
very nature a statistical problem. We feel that the meth-
ods discussed here for presenting the statistical findings
are of great practical value. The terms in which diversity
improvement has been expressed can be more readily
related to the real communication problem than rela-
tively abstract indices that might have been devised.
Not only do the results permit comparison of the ef-
fectiveness of various antenna arrangements, but they
provide also the information for weighing the values of
a diversity system against other means for obtaining
the same reduction in lost circuit time.

The recording equipment developed for these tests
has greatly facilitated the processing of the statistical
data by effectively performing a portion of the analysis
at the time that the signals are received.
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Performance of Diversity Receiving

IRE, AND A. . ROSS], SENIOR MEMBER, IRE

S. H. VAN WANMBECKY, SENIOR MEMBER,

Summary—An outline is given of the study of diversity reception
being carried out jointly by the Signal Corps Engineering Laborato-
ries and Washington University, the purpose of which is to determine
the characteristics, limitations, and relative merits of space, polariza-
tion, and frequency diversity systems.

Results are reported on various systems including dual- and
triple-spaced-antenna diversity and several forms of polarization
diversity, Frequencies in the range of 7 to 16 Mc have been investi-
gated over a 900-mile path between New Jersey and St. Louis,
Missouri. Improvement provided by the various diversity systems is
presented graphically in terms directly apglicable to the design of a
transmission facility and the variability in improvement is indicated
for its value in estimating departure from mean performance.

VER THII PAST several years the Signal Corps

Engineering l.aboratory and \Washington Uni

versity have collaborated in a comprehensive in-
vestigation of diversity receiving systems. The amount of
improvement available from various diversity methods
has been established quantitatively and design pro-
cedures have been drafted. Developments at this stage
of the program indicate that it may be possible to estab-
lish quantitative specifications for diversity systems to
redtice by practically any desired amount the loss in
transmission time due to deep fades.

Diversity receiving methods involve the use of two
or more transmission channcls which are separately
identified at the receiving point and a combining circuit
which either selects the strongest available signal or
provides an output proportional to some combination
of all signals. Separation of the transmission channels
may be on a physical basis as with spaced-antenna di-
versity or on some other hasis as in polarization
diversity and frequency diversity. Those types of re-
ceiving diversity which would be practical for military
purposes are to be investigated but the more complex
systems such as the multiple-unit steerable antenna will
not be considered. This report is limited to spaced-an-
tenna and polarization diversity in the frequency range
of 7 to 16 Mc.

A principal object of this investigation is the collec-
tion of necessary data for the evaluation of various
diversity systems and formulation of procedures for
their design. Attention is also being given to the recejv-
ing equipment problem to the end that more effective
facilittes may be developed as a consequence of the
program.

To the greatest practical degree the cxpcrimenm.]
aspects of the program have been planned and imple-
mented to provide data that are accurately representa-
tive of propagation behavior and the respective antenna
systems and that do not reflect the characteristics of

* Decimal classification: R428 X R113.1. Original manuscript re-
ceived by the Institute, July 26, 1950.
I \Washington University, St. Louis, Mo.
Signal Corps Engineering Laboratory, Red Bank, N. J.
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any particular receiving or recording equipment. The
large volume of data involved is collected with semi-
automatic recorders, thus minimizing the time required
for processing and providing numerical information in a
form directly applicable to statistical analysis. Details
of the equipment and the statistical methods are pre-
sented in a companion paper.’ ‘

The required long transmission lines from antennas |
to field laboratory are of identical length and are con- |
structed of dual RG/8U cables to reduce pickup on
these lines approximately 50 db below the signal level
provided by the antennas. Antennas are all half-wave |
doublets and the horizontal elements are installed at a |
height of about 45 fect. The single antenna for the refer- |
ence system is installed 2,000 fcet from the center of the-!
area for the diversity arrays. The only antennas in the
area at a given time are those required for the particular
array being tested. Receivers are matched in gain, in
automatic-volume-control characteristic, and in im
pedance level at the input terminals. All equipment is
recalibrated and retuned each hour during recording
periods and is further checked by strip oscillograph
records and observation during actual operation. A con-
dition 1s maintained at all times which permits the
interchange of apparatus between channels without
altering the data to a measurable extent.

A lengthy discussion of the analvtical methods used
is unnecessary at this point but it may be desirable to
review Driefly the graphical forms which have been
adopted for the presentation of performance curves.
Since the fading of radio signals may be described with
reasonable accuracy by a Rayleigh probability func-
tion, a basic co-ordinate system derived from this tvpe
of distribution has been adopted. It possesses the ad
vantage of yielding performance curves for a single
channel system which are straight lines in the ideal case
and nearly straight for actual data. Interpolation is
facilitated by this linear property. Fig. 1 shows a tvpical
set of curves for a single-channel reference system and a
two-channel diversity system. There is no mathematical
reason to expect the diversity data to plot as straight
lines even though the reference systems may be ideal
and yield data having perfect Rayleigh distribution.

Data as recorded are first plotted for each recording
period in a set of curves as shown in Fig. 1. In some
cases, the data for a full day may be condensed into a
single set of curves while in other cases a day may be
broken into several periods, the data for each of which
will be plotted separately. Data for the period in which
the long-term median value of signat strength on the Y

E L.. Glascr. and S. H. Van Wambeck, “Experimental evaluation
of diversity receiving systems,” Proc. I.R E., pp. 252-256, this issue.
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Data are for a single day.

reference svstem are essentially constant may be repre-
sented by a single set of curves. This follows from the
fact that the statistical analysis is based upon the as-
sumption of a constant median value.

A more useful presentation for engineering purposes
's obtained when the fading characteristic of a diversity
system is referred to the median signal level which
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would exist without diversity. Fig. 2 shows such curves
as derived from a graph such as Fig. 1 and depicts the
percentage lost time plotted vertically as a function of
the difference between median signal level and other
lower levels. This graph only provides statistical in-
formation for the region helow median level in the refer-
ence svstem but this represents no shortcoming hecause
those situations in which the least usable level exceeds
the median are of little or no practical importance.

Data have also been collected on the rapidity of fad-
ing or, more specifically, on the number of times per
minute that the signal fades downward through various
levels. This information may be of great value in the
design of equipment where the frequency of fading
would be a factor. In Fig. 3 the fades per minute are
plotted vertically against signal level below median
value.
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FFig. 3— T'ypical fading characteristics for a single day depicting the
number of fades per minute below the respective levels.

Investigations have been conducted on three fre-
quencies in the range of 7 to 16 Mec. The lower fre-
quency used was 6.915 Mc, the intermediate 11.66 M,
and the higher 15.72 Mec. Unmodulated carrier has
been used exclusively. This is justifiable in the interest
of simplicity and in that the results may be readily ex
tended 10 other systems with modulation, as will be
discussed later. Space diversity systems with dual and
triple channels have been rather completely investi
gated and work on these is continuing. Several arrange-
ments for polarization diversity have also been in-
vestigated and significant data have been collected.
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Experimental work has been under way for nearly
two years and has been conducted continuously over
that period of time. Approximately 2,000 hours of re-
cording are represented in the rehable data which have
been processed up to the present. The particular fre-
quency for use at any time is selected in terms of the
propagation characteristics for the path in service.

All data here reported have been collected over the
path from Red Bank, New [ersey, to St. Louis, Mis-
souri. This is approximately 900 miles in length and hes
in a generally cast-to-west direction. Future tests are
currently being planned between England and St. Louis,
Missouri, for longer path information, from the Panama
area to St. Louwss for a north-south comparison and over
a short path at frequencies below 7 Me.

A large quantity of data has been collected and is
presented in a relatively few charts. As might be ex-
pected, there is variability in the data collected for a
given contiguration from dav to dav and from scason
to season. This variability mav be due to changes in
1nospheric characteristics, to chance sampling of an
inherent!v variable phenomena, and, to less degree, to
errors of measurement. For the purposes of this paper,
many sets of curves have been reduced to single lines
which are representative of the weighted arithmetic
mean of available data.

In planning this program it has been recognized that
normal fading as encounteicd most of the time will not
account for all losses in transmission. Interference and
complete breakdown of ordinary ionospheric hehavior

———
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Fig. 4—Performance of dual-spaced-antenna diversity system
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are typical influences which cannot be included in th
type of statistical analysis but which will have a ver
real effect upon continuity of service over a communica
tion facihty. This investigation has dealt exclusivel
with the problem of normal, short-period fading and th
results are applicable in the absence of other influence
such as those cited. [

The following discussion on performance of the vari
ous types of diversity systems is divided into thre
sections covering two-antenna, spaced diversity, com
monly called “dual”; three-antenna, spaced diversity
also termed “triple”; and polarization diversitsy . IFigs. «
through 10 present various aspects of two-antenna
spaced diversity and subsequent figures apply to tl
other forms.

Representative performance of dual diversity is de
picted in Fig. 4. The data on which these curves arc
based were collected in December, 1949, for a frequency)
of 11.66 Mc during davlight hours. The cross-hatched|
areas represent the zones in which half of the curves fof
the respective davs or periods were located. For one
fourth of the time the performance was better than 1§
indicated by the areas and for one fourth of the time
the performance was poorer. The expression  “inter-
quartile range” is commonly apphed to the arca within
the boundaries shown.?

In some cases the interquartile areas are wider than
indicated in Fig. 4 while in others they are not so hroad.
These data may properly be characterized as typical
and show the usual order of improvement afforded by
dual diversity. The curves indicate, for example, that
the reference svstem will have approximately two-per
cent nonusable time if the median signal level is 15 db
above least usable. If dual diversity with 200 feet sepa-
ration is used, the percentage lost time drops to ap-
proximately 0.08 per cent and if the separation is in-
creased to 1,000 feet, the lost time will be the order of
0.05 per cent. The increase in spacing from 200 to 1,000
feet contributes verv little to the performance of the
diversity svstem.

Fig. 5 presents graphicallv the information on num-
ber of fades per minute with a dual diversity system.
It is evident that the number of fades is substantially
reduced and that large spacings are not necessary as
there is relatively little improvement in going from 100
to 1,000 feet. .\ single-channel system at this frequency
will experience approximately three fades per minute if
the median signal strength is 15 db above least usable
level. Under the same conditions a dual diversity sys-
tem will fade 0.2 times per minute which represents an

[

* The two curves for the reference svstem result from the pres- |
entation of data for (wo separate dates on a single graph where the
side-by-side comparison accentuates the variability in characteristics,
The reference system has been quite consistent in its performance so .
1t would be expected that a long series of data samples would yield |
annterquartile range somewhat wider than either in Fig. 4 but not so
wide as the total area hounded by the extremes of the two curves.
Other cases of this lype occur in later figures.
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improvement of approximately 15 to 1. Some variabil-
ity is also obtained in the data on which these curves are
hased. The single lines shown represent the weighted
arithmetic mean.
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Fig. 5—Performance of dual-spaced-antenna diversity system
with respect to fades per minute below respective levels.

In the absence of evidence to the contrary, it might
be expected that the performance of a given diversity
array would be quite different at different frequencies
and seasons of the year. As a matter of fact, the per-
formance scems to be relatively free of such influences
as indicated more specifically in Fig. 6. Here are shown
performance curves for three frequencies and three sea-
sons which fairly well cover a complete year, The poor-
est performance was obtained on 11.66 Mc and the best
on 7 Mc. More recent data indicate that dual diversity
is not always so good as here represented but additional
information must be gathered before these latest results
can he accurately reported. The curves shown in Fig. 6
are typical of the performance over a total experimental
period of approximately two years up to February, 1950.

In so far as time and conditions permit, tests are
scheduled in a manner which will provide a maximum
of cross checking. For example, it is customary to re-
peat runs for a given frequency in all seasons for which
it 18 usable and also to repeat on an interval of approx-
imately one year as a long-range check on variability.
Tests on dual diversity at 11.66 Mc and with a separa-

wtion of 1,000 feet parallel to the path were conducted in
December, 1948, and were repeated in December, 1949,
The results are reported in Iig. 7 which has been drawn
to show the interquartile range. It is apparent that there
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Fig. 6—Performance of dual-spaced-antenna diversity system
for various seasons and frequencies.
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Fig. 7—Difference in performance of dual-spaced-antenna
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is some variability but this is to be expected in view of
the changing ionospheric conditions on a cycle of much
greater period. Efforts are being directed toward explicit
co-ordination of diversity performance and ionospheric
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characteristics which will make possible a direct fore-
cast of diversity effectiveness when the jionospheric pre-
dictions are established, Some information on this sub-
jeet is now on hand and will be reported ata later date,
together with additional data presently being collected.

It has already heen mentioned that large spacimgs are
not appreciably more effective than shorter ones in
overcoming the ceffects of fast fading. Other investiga-
tors have indicated that spacings of the order of several
miles or more are advantageous in reducing the effects
of slow fades* This investigation is limited to fades
which occur at the rate of once cach minute or more
frequently, IFor such short-period fades a separation of
100 feet between diversity antennas provides a large
increase n reliability of service, 1t the spacing 1s in-
creased tenfold, the performance is not greatly -
proved. IFig. 8 is a presentation of data on dual diversity
for four different spacings. If the median signal strength
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Fig. 8—flect of antenna spacing on performance of
dual-spaced-antenna diversity svstem

is 15 db above least usable, the reference svstem will give
approximately two-per cent nonusable time. Dual diver-
sity with 100 feet separation will have only 0.2-per cent
nonusable time and with 1,000 feet separation will have
0.08 per cent. The improvement with 100 feet separation
is ten to one over the reference system while 1.000 feet
separation gives only four to one improvement over 100
feet.

Two hundred feet appears to be the point of sharply

3 Private communication from S. D, Browning, Mackay Radio
and Telegraph Co. Inc.,, New York, N. Y.
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diminishing return in improvement per unit distance
This point is more clearly established when the data
are presented in the form used in IFig. 9. Spacing has
been selected as one of the axes and curves have been
drawn for various median signal strengths relative tg
least usable value, IFor a median value 15 db above least
usable level on the reference system, the principal part
of the improvement is obtained in the first 200 feet of

separation,
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Fig. 9 —Influence of spacing on performance of
dual-spaced-antenna diversity systeni.

Since it is possible to arrange diversity antennas in
many directions with respect to the arriving wave, the
question naturally arose as to what geometric pattern
would be the most effective. In the field facilities, provi-
sion is made for the erection of antennas along a line
parallel to the direction of arrival and also along a line
perpendicular to this direction. Resolution of the prob-
lem into two principal directions in this manner ap-
peared to offer the simplest experimental means of de-
termining the effect of geometrical placement. It is inter-
esting to note that there is no marked advantage in one
direction over the other as demonstrated by the data
presented in Fig. 100 These data were collected under
caretully controlled conditions which largely eliminated
the influences of factors other than orientation. Earlier
tests indicated that one direction or the other might
have some small advantage but it has since been con-
cluded that these apparent differences were due 1o '
changes in other test conditions.

.-.\nal_\'sis of triple diversity, predicated upon fading of
asingle transmission channel in accordance with Rav-
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leigh distribution, indicates that there should be con-
siderable improvement over dual. Experimental in-
vestigation supports these predictions and indicates
that a high degree of reliability can be obtained with
such a system. Typical data for a triple diversity system
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collected during daylight hours at a frequency of 11.66
Me¢ in the month of January, 1950, are presented in IMig.
11. The cross-hatched areas represent data lying in the
interquartile range for spacings of 200 feet and 600 feet,
respectively. The degree of variability indicated is com-
mon to the three frequencies here reported and the rela-
tive improvement of 600 feet separation over 200 feet is
likewise typical. For the ionospheric conditions during
the period of these tests, the reference system would
have given between one- and two-per cent lost time if
the median signal were 15 db above least usable level.
For the same strength of signal, triple diversity with 200
feet extreme separation would give only approximately
0.01-per cent lost time or less than one hour in a year of
24-hour per day operation. If the reference system were
to provide the same degree of reliability, the median
signal would have to be approximately 30 db above least
usable as can bhe estimated by projecting the reference
curves 1o the 0.01-percentage linc

As the frequency is changed, some difference i per-
formance of triple diversity is noted. The curves shown
in Fig. 12 are representative of the performance for
three frequencies in four scasons of the year. The differ-
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Fig. 12— Performance of triple-spaced-antenna diversity system

for various scasons and frequencies.

ence between the performance of 15.72 NMe in April and
7 NMc in July and October is apparently due in part to
difference in ionospheric characteristics as some degree
of correlation is possible. As with dual diversity, perti-
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nent ionospheric information is being collected in an ef-
fort to establish a more explicit correlation.

The effectiveness of spacing has also been investigated
for triple diversity and typical results are shown in Fig.
13. In all cases reported, the separation in triple diver-
sity is given between extreme antennas. To facilitate
comparison, a curve for dual diversity is included, show-
ing its performance for a separation of 1,000 feet. Triple
diversity with a separation of only 200 feet between ex-
treme antennas provides substantial improvement over
the best dual performance. IFurther improvement re-
sults from increased separation but in this case also
there is diminishing return as a separation of 200 feet is

exceeded.
50 .
; 7 MC
SUMMER
1949
— REFERENCE |
10 + - |
5‘ Rl
3
" ]
v
o
<
\:‘l
z 05 4 = .
< | I
= DUAL 1000FT. PARALLEL
- TO PATH
4
w !
S TRIPLE 200 FT
b PARALLEL TO PATH
o
aos}—
TRIPLE 1000 FT
PARALLEL TO PATH
0.0l l
o 5 10 15 20

MEDIAN NON-DIVERSITY SIGNAL STRENGTH
IN OB RELATIVE TO LEAST USABLE LEVEL

Fig. 13—Effect of antenna spacing on performance of triple-spaced-
antenna diversity system. Performance of dual system is shown
for comparison

The reduction in fades per minute is also substantial
with triple diversity as clearly indicated by the curves
in Fig. 14. A median signal strength 15 db above least
usable level will give from 6 to 7 fades per minute on the
reference system, something over 0.1 fade per minute
with dual diversity and 0.01 fade per minute or less
with triple diversity. It may be concluded that the re-
duction in number of fades per minute bears a close cor-
respondence to the reduction in lost time with the vari-
ous diversity systems.

The figures quoted above for triple diversity perform-
ance become more meaningful when the fades per minute
are expressed in terms of some larger reference. For

example, 0.01 fade per minute below least usable level
corresponds to one fade in one hour and 40 minutes or
14.4 fades in a 24-hour day. Since the expected lost time
for the triple diversity system is of the order of 0.01
per cent or 0.14 minute per 24 hours, it follows that
there will be the order of 14 fades per day cach of ap- |
proximate duration of 0,01 minute. It will be readily
recognized that this order of improvement from the
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Fig. 14—DPerformance of triple-spaced-antenna diversity sy~tem
with respect to fades per minute below respective levels.

effects of normal fades is adequate for all practical pur-
poses where other influences such as interference will
usually account for a much larger loss of time.

In many respects, polarization diversity would be
desirable, particularly in military_communications. Sev-
eral antenna arrangements for this form of diversity
have been tried and considerable data have been col-
lected on the most promising arrangements. The per-
formance of one polarization diversity system is de-
picted in Fig. 15. The inverted-L. arrangement consisted
of a horizontal dipole approximately 50 feet above the
ground and a vertical half-wave dipole suspended at
one end of the horizontal element. Lead-ins were taken
from the center of each antenna for a distance of 50 feet
or more in a direction substantially normal to the plane
of the two antennas. These precautions in the placement
of lead-in lines were observed to minimize any possible
interference efiects due to the presence of the shielded ¢
leads in close proximity to the antennas.

The usual performance of dual diversity with 200 fect
separation is also shown in Fig. 15 for reference. It ap-
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pears from these data that polarization diversity is
somewhat better than dual but this particular point
requires some enlargement. Some evidence now avail-
able indicates that the poorest polarization performance
is obtained when dual-spaced-antenna diversity gives
best results. Conversely, when very poor diversity im-
provement is obtained with dual spaced antennas, the
improvement from polarization diversity is greater. In-
vestigation of this phenomenon has not been completed
but the available experimental data are most interest-
ing. Any conclusion as to the relative advantage of
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Fig. 15— Performance of inverted-L polarization diversity system
showing typical variability in data. Performance of dual-spaced-
antenna diversity is shown for comparison

polarization diversity compared with dual must be
drawn with reservations which cannot he accurately ex-
pressed at this time.

Polarization diversity is effective in reducing the
fades per minute and to about the same degree as
spaced dual with scparation of 200 feet. This conclusion
may be readily drawn from the data plotted in I'ig. 16
but is probably subject to the same restrictions as would
apply to a conclusion on reduction in percentage lost
time

Polarization diversity has not been consistent in per-
formance and has generally been characterized by a
weakness of signal on the vertical element. The vertical

i component generally contributes to the transmission a
relatively small percentage of the time and then only
during deep fades of the horizontal component. Dis-
crimination against high-angle signals by the vertical
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antenna in close proximity to the ground may account
for this behavior. Another factor is possibly introduced
by the node at high angle in the horizontal antenna pat-
tern at higher frequencies. Further investigation of this
entire problem is clearly necessary.
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Fig. 16—Performance of inverted-L polarization diversity system
with respect to fades per minute below respective levels.

As with the other forms, polarization diversity ex-
hibits some variability with frequency and seasons.
Data collected with a T arrangement of antennas on
three different frequencies and in three seasons are sum-
marized in Fig. 17. The wide spread between the ex-
treme curves supports the statement made earlier that
the performance of this type of diversity has been quite
inconsistent. Additional data are being collected to clar-
ify many of the unresolved points so that more reliable
conclusions may be reached.

Data have been ohtained on four different antenna
arrangements for polarization diversity which appeared
to have possibilities from a practical standpoint. The
inverted-L antenna has already been described. The T
antenna is quite similar except that the vertical element
is suspended from the center of the horizontal element.
An inverted-V antenna was tested because it offers obvi-
ous advantages in simplicity of erection. A single pole
was used and the two antennas were suspended from the
top to opposite points on the ground at angles of 45°
to the horizontal. The angle between antennas was thus
90° and the plane of the antennas was made normal to
the direction of arrival. An X arrangement was also
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tor various seasons and frequencies

tricd with two poles for support. The antennas were
inclined at 45° to the horizontal and were in essentially
the same plane. The separation at the centers where the
antennas crossed was of the order of one foot.

The relative performance of the above-deseribed an-
tennas for polarization diversity is indicated by the
curves in Fig, 18. \While some of the differences mav be
due to normal variability in data, it appears that the
inverted-L arrangement has some ad ‘antage over the
others. All tests were not of the same duration but cach
was sufficiently long to provide a reasonably dependable
sample of data.

Use of an unmodulated carrier in this work is not ex-
pected to impose any great limitation on the utility of
the findings. Signal Corps Lngineering I.-’ll)Ol‘.’lI(;l‘iCS
have conducted an extensive series of tests on facsimile,
voice, and multichannel teletype circuits with several
forms of modulation and with various controlled condi-
tions of selective fade. This study indicated that distor-
tion is low and that the percentage accuracy in signal
reproduction is greatest when the carrier level is main-
tained or is restored by exalted carrier techniques. Thus
it would appear that any svstem which maintains the
carrier level will have a corresponding high fidelity in
the handling of modulated signals.

The investigation here reported has vielded valuable

March

data on the performance of spaced-antenna and polariza-
tion diversity. Improvement provided by diversity is
expressed in terms directly applicable to engineering de-
sign of a radio transmission facility. Triple-antenna
space diversity is dehnitely superior to dual spaced or
polarization and it appears that, of the latter two, dual
spaced is generally more effective. The particular sys-
tem to be used for a given installation will be determined
by economice tactors, reliability required, and allowable
complexity at the receiving terminus, Certain unre-
solved points remain to be clarified and the investigation
must be extended 1o other frequencies, paths, and types
of diversity. What has already been accomplished indi-
cates that the selection and design of diversity systems
may ultimately be reduced to a reasonably explicit
process directly related to performance specifications.
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Fig. 18 - Comparative performance of various polarization diversity
systems. The systems differ only in the physical arrangement of
dantennas.
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Television Image Reproduction by Use of Velocity-
Modulation Principles”

M. A. HONNELLT, SENIOR MEMBER, IRE, AND M. D. PRINCEt, ASSOCIATE MEMBER, IRE

Summary—The velocity television reproduction system described
in this paper uses a combination of standard video principles for
image pickup and velocity-modulation methods for picture reproduc-
tion. An analysis is presented which indicates the response of the
system to a general video signal. It is shown that one form of presen-
tation imparts a three-dimensional appearance to the image. Photo-
graphs are presented of standard broadcast television images repro-
duced on a conventional receiver converted to velocity-modulation
reproduction.

[. INTRODUCTION
][N THE BASIC velocity-modulation television sys-

tem, the scanning spots in the camera tube and

kinescope move in synchronism. The kinescope
beam current is maintained constant, and the horizontal
velocities of the spots are varied to produce the changes
of brightness in the image. Bright portions of the pic-
ture are reproduced by low writing velocities and dark
portions are reproduced by high writing velocities. This
basic velocity-modulation television system and its
variations have received considerable attention in the
past.
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Fig. 1—Experimental velocity-modulation reproduction system.
In the system described in this paper, the camera tube
mosaic is scanned with constant velocity and the video
signal is obtained in the usual manner. At the receiver
the image is reproduced by varying the horizontal
velocity of the spot on the screen of the kinescope by
superimposing the video signal on the kinescope hori-
zontal deflection voltage. No vidco voltage is applied to
the kinescope grid so that the beam current is main-
tained constant. The hlock diagram of this system is
shown in Fig. 1.
The quality of images obtained by velocity-modula-
“tion reproduction of standard television broadcasts is
_* Decimal classification: R583.15. Original imanuscript re-
ceived by the [nstitute, April 7, 1950; revi ze(’f manuscript received,
October 30, 1950. Presented, 1950 IRE National Convention, New

York, N. Y., March 8, 1950
t Georgia Institute of Technology, Atlanta, Ga

too poor for entertainment purposes. However, this
system has some important features which are de-
scribed in the following sections.

I1. Basic ANALYSIS

Equations are now presented which express the
brightness along a horizontal line of the reproduced
image in terms of the video signal generated by a con-
ventional television camera. These equations are based
upon the analysis of an ideal system with negligible
aperture and transmission distortion. It is assumed that
the light output of the kinescope screen is directly pro-
portional to current density. In this classical system,
the television camera functions in the normal manner,
and a video signal is produced with an instantaneous
amplitude proportional to the brightness along the
horizontal line ofi the camera tube mosaic. After this
video signal has passed through the appropriate trans-
mission channels and through the video amplifier of the
receiver, it is superimposed upon the horizontal saw-
tooth sweep voltage. The beam current of the kinescope
remains constant during the active portion of its trace
period.

The instantaneous horizontal position and velocity
of the spot are given by

x = vol + k-1°(t) (1)
and
dx i
=g+ k-F'(1) (2
dt

where x is the horizontal distance along the line, v, is
the constant scanning velocity in the absence of a video
signal, / is the time that has elapsed since the spot began
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