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We know that our brazing techniques are as

good as can be . . . but we also know that
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...helps HEWLETT-PACKARD

.

Set Standards

A

in UHF Signals

The Hewlett-Packard Model 616A is the only UHF Sig-
nal Generator which covers the 1800— 4000 mcs frequency
range and is directly calibrated in frequency and voltage out-
put. Designed to withstand U. S. Aircraft Service conditions,
it is used by the U. S. Air Corps, Army, Navy, research labo-
ratories, schools and colleges throughout the world.

At -hp’s- request, Marion developed a small, specially
designed panel-mounting type of meter for the Model 616A
UHF Signal Generator. This indicates power level and gives
fast direct readings in decibels. Thus does it play a vital part
in helping -hp- generate UHF signals with accuracy so pre-
cise thatit sets standards used tomeasurereceiver sensitivity,
signal-noise ratio, conversion gain, standing wave ratios,
antenna gain and transmission line characteristics.

When you need general or special-purpose meters for
electrical indicating or measuring functions, you are invited
to call on Marion. We at Marion have had long and practical
experience in helping others with these problems. We would
like to help you too.

THE NAME "MARJON" MEANS THE “"MOST” IN METERS

/ MARION ELECTRICAL INSTRUMENT COMPANY

‘\M'E‘ M ANGCHESTER,

txport Division, 458 Broadwoy, New York 13, U. S. A, Cables MORHANEX

IN CANADA: THE ASTRAL ELECTRIC COMPANY, SCARBORDO BLUFFS, ONTARIO
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Ear]y this year the one-billionth
Sprague Capacitor rolled off the fast-moving
production lines in North Adams.

Fittingly enough, this billionth unit was one
of the revolutionary new molded paper tubu-
ulars. Throughout the years, it has been engi-
neering progressas typified by this development
that has enabled Sprague to attain its present po-
sition as one of the largest, most diversified and

most dependable sources of capacitor supply.

—— ol

Pioneers of Electric and Electronic Progress 4

Other important developments which have
helped materially inswelling the total ofSprague
production include *Vitamin Q capacitors for
higher voluages, higher temperaturesand higher
insulation resistance; *Hypass 3-terminal net-
works; glass-to-metal sealed capacitors; molded
“Prokar capacitors for sub-miniature assem-
blies; high-voltage coupling capacitors; electro-
lytics for dependable operation up to 450 volts
at 85°C., and many other types of capacitors.

‘T. M. Reg. U. S, Par, OF

RAGUE

2A

L

SPRA'GUE ELECTRIC COMPANY o North Adams, Mass.
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NEW -hp-

430A ~

COARSE ZERD

MICROWAVE
POWER METER

$250°°

F.O0.8. PALO ALTO

Automatic operation! Instantaneous

power readings! No tedious calculations

or adjustments! Read direct in mw. or dbm!

Use at any microwave frequency!

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

The new —hp— 430A Power Meter
is an ac bridge, one arm of which is
a 200-ohm barreter. This bridge is tn
precise balance with zero rf power
across the barreter. When rf power is
applied, an equivalent in audio power
is automatically removed. The bridge

measures the unknown rf directly and
instantaneously.

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

For Complete Specifications, Write to

HEWLETT-PACKARD CO.

1830 D Page Mill Raad + Pala Alta, Califarnia

%

FINE 2Em0

BRIEF SPECIFICATIONS

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

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

Accuracy: ©5% of full scale
reading.

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

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

remains balanced, but the change in
audio power level indicates on the vac-
uum tube voltmeter. This meter thus

Audia Signal Generatars

Pawer Supplies
UHF Signal Generatars
Frequency Standards

Amplifiers
Square Wave Generatars
Naise and Distartian Analyzers

Electranic Tachameters Frequency Meters
Audia Frequency Oscillatars  Attenuatars

Wave Analyzers Vacuum Tube Valtmeters
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More and more Hearing Aid
Manufacturers are turning to
Centralab’s Printed Electronic Circuits
to Simplify Production . . . to Build

Smaller, Finer Units!

JOHNSTON — finds
special Ampec avdia-
amplifier cuts weight,

ALLEN-HOWE
PARAVOX — uses = — was first to use P. E. C.

custom CRL Ampec for > — > in hearing ai_ds.
quick assembly. ’

BELTONE — replaces
45 parts with one
P. E. C. unit,

MICROTONE —
uses 12 P. E. C.

s units to save space.
/-/

The illustrated units are now on the
market — Watch for ot least 5 more
by June First!

IN 1949!

®
Division of GLOBE-UNION INC., Milwaukee

L XN PROCEEDINC ) HE 1.1 March, 1949
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FRANKLIN AIRLOOP'S COMPLETE DEFLECTION CIRCUIT

The Hi-@ Disc Capacitor used in the above
deflection circuit is a high dielectric

capacitor designed for application where
physical shape is more adaptable than
tubular units. Close connections are

@ The great demand for lower cost tele-
vision receivers is one of the big problcms
confronting engineers today.

Die stamped inductances as developed

by the Franklin Airloop Corporation are a "
. . \ ' to a minimum,

partial answer to reduced manufacturing a'ls

costs. Truly a precision operation, its suc-

cessful performance is dependent upon

precision components.

easily made, reducing inductance

Hi-Q components—note(l for their pre-
cision — (Iepemlability_ uniformity and
miniaturization contribute their part, not
alone to Franklin, but to all manufac-
turers whose standards demand these 4
Hi-Q features.

Our engineering department is available

for consultation with your engineering

staff in the design of new circuits and the ™

application of Hi-Q components to them. *" Prog ,-:;c b2 Megy g,
{+]

\ Why not write us today? ot *Pace 3 Va

. Say & ¢
M'reo,. y"ng '°"o,m
£ ]

FRANKLINVILLE, N. Y.

Plants: FRANKLINVILLE, N. Y. _JESSUP, PA.—MYRTLE BEACH, S. C.
Sales Offices: NEW YORK, PHILADELPHIA, DETROIT, CHICAGO, LOS ANGELES
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THESE TUBES ...

Follow the Leoders te

7 -
_/5,.,;?"

The Power lor R-F

REVOLUTIONJZED TRANSMITTER. DESIGN

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

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

THE 4X150A . . . is highly versatile and ex-
tremely small (2'2 inches high). It is an ex-

EITEL-McCULLOU GH,

210 San Mateo Ave,

ternal anode tetrode capable of operating
above 950-Mc. As much as 140 watts of use-
ful output can be obtained at 500-Mc. Below
165-Mc. the output can be increased to 195
watts, It is ideally suited as a wide-band am-
plifier for television and for harmonic or con-
ventional RF amplification.

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

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

| N C.

San Bruno, California

Export Agents: Frazar & Hansen, 301 Clay $t., San Francisco, California

PROCEEDINGS OF THE LR.E
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Smaller than your

fingernail

EL-MENCO CAPACITORS

One sure way to protect the perform-
ance of your radio, electrical and electronic
equipment is to specify El'Menco fixed
mica dielectric capacitors. These small-size,
high capacity condensers not only meet
Army and Navy JAN-C5 specifications,
but they are tested at double the working

voltage.

All impregnated and molded in low loss bakelite,
El-Menco Capacitors do a better job in any climate under
the most severe operating conditions. Look to El-Menco to
help you build and keep your reputation for using the
superior components that make your electrical equipment

superior.

THE ELECTRO MOTIVE MFG. CO., Inc.
WILLIMANTIC CONNECTICUT

Actual Size 1/32" x 1/2" x 3/16".

For Television, Radio and other Electronic Applica-
tions.

2 - 420 mmf¥. cap. at 500v DCA.

2 - 535 mmf. cap. at 300v DCA.

Temp. Co-efficient 50 parts per million per
degree C for most capacity values.

6-dot color coded.

W rite on your
firm letterhead
for Catalog and Samples.

MOLDED MICA EUMICA TRIMMER

CAPAC

Foreign Radio and Electronic Manufacturers communicate direct with our Export Dept. at Willimantic, Conn. for information.

-
o
-~
wn

ARCO ELECTRONICS, INC., 135 Liberty St., New York, N. Y. Sole agent for jobbers and distributers in U. S. and Conada.
PROCEEDINGS OF THE ILR.E. March, 1919 7A




If you require 3 wide-bang am-
plifier, there’s 4 choice of either

Type 24) (S-inch) of Type 224-A (3.

n mtensuy-modulation am-

.l rmg v/in,

Ifyou Tequire Quantitatiyve Meas.
Urements, 4}, Type 264.7 Voltage
Calibrator is available, works with
any oscillogra nce aftacheq, j
Need not pe disconnected for opera.
tion of the osci ph,

qQUrement, there js jhe T
Weighing only 22 Jps. Its
i Uniform v,;
100 ke,

. S
within 10% trom 29 cps
deﬂection factor js 0.2 rms

Regarding Price
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10 CPS to 10 MC

Type 280: A precision time-meas-
uring oscillograph with range of 10
cps to 10 mc. Sweep speeds as high
as 0.25 microsecond/in. are avalil-
able. Duration of any portion of
sured on 0.25 micro-
second/in. sweep fo an accuracy
of =+0.01 microsecond. Intervals
greater than 5 microseconds read
on calibrated dial to accuracy of
=+0.1 microsecond. Ready applica-
tion to precise measurement of du-
ration of waveform ot various com-
ponents in the composite elevision
Accelerating potential ad-

signal mea

signal.

justable from 7,000 to 12,000 volts,
Recordable writing rates up to 63
inches per microsecond, with com-
mercially avallable equipment.

|

WRITING RATES TO
ABOVE 400 IN./MSEC.

CAT. NO. 1397-E $1,125

.H: Cover
both d-

d. Many spect
ime-base of

prator of sign

cmograph with maximum
13,000 volis. Recordable Wt
40 inches per microsecond.

¢ range from d

and 8¢

;al features for gene
xibility; auto-
internal cali-

unusual fle
n sweeps:
high-volt

age o8-

accelerating potenl\a\ of

{ting rate ©

Type 248
Specitically
laining high.fre
iransient natyre
Decessary
8Weeps;

§ approx\maie\Y

ded for inve
quency

CAT. NO.

-A: F
lntel:nmmmm:y s

1244-E $1,870

CAT.

NO. 1314-E

$850




take your choice...

FIXED
PAPER-DIELECTRIC
CAPACITORS

Readily available for DC electronic applications, these capaci-
tors are manufactured in accordance with joint Army-Navy
specifications JAN-C-25. Case styles include types CP 53, CP
54, CP 55, CP 61, CP 63, CP 65, CP 67, CP 69 and CP 70.
Capacitance ratings are from .01 Muf to 15 Muf, and voltage
ratings are listed from 100 to 12,500 volts.

These capacitors are constructed with thin Kraft paper, oil
or Pyranol* impregnated, which provides stable characteristics
and high dielectric strength. Plates are aluminum foil, manu-
factured according to detailed specifications. Special bushing
construction provides for short internal leads, preventing pos-
sible grounds and short circuits. The cases have a permanent
hermetic seal to provide longer life. A variety of mounting
arrangements are available for various installation requirements.
Write for detailed description and opcrating data: Bulletin
GEA-4357A.

#Pyranol is General Electric’s pon-inflammable liquid dielectric for capacitors.

- GENERAL

10A

Less than one inch long, and only

one inch square, this postage-stamp-

size selenium rectifier offers radio build-
ers substantial savings in production
costs. Only two soldering operations
and a minimum of hardware are neces-
sary for installation in places where a
rectifier tube and socket won’t fit.
They’re built to safely withstand the
inverse peak voltages obtained when
rectifying (half-wave) 110-125 volts,
rms, and feeding a capacitor as required
in various radio circuits. Tests prove
that selenium rectifiers will outlast the
conventional type of rectifier tubes, at
the same time costing less. Send for
bulletin GEA-5238.

/ELECTRIC

PROCEEDINGS OF THE I.R.E March

1949
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TIMELY HIGHLIGHTS
ON G-E COMPONENTS

Digest

PROCEEDINGS OF THE LR.E.

They record in hours, tenths of hours,
or minutes. Ratings range from 11 to
460 volts. Installation on a panel or
switchboard is simplified by quick-
wiring leads. Timer harmonizes with
other panel instruments in appearance
and size. Dependability is assured by
Telechron* motor drive. Also available
for portable use or conduit and junction
box mounting. Check bulletin GEC-472.

HOLDS

QUTPUT VOLTAGE .
' CONSTANT

This 500-va voltage stabilizer is suit-
able for a wide variety of electronic
applications where constant voltage is
demanded. Voltage variations from 95
to 130 volts are absorbed almost in-
stantaneously and output voltage main-
tained at 115 volts (plus or minus 1
percent). There are no moving parts,
no adjustments to make. This unit will
operate continuously at no load or short
circuit without damage to itself. Tt will
limit the short circuit current to approx-
imately twice stabilizer’'s normal full
load current rating. Other sizes avail-
able range from 15 to 5000 va. For
details, check bulletin GEA-3634B.

FOR YOUR TELEVISION SETS

General Electric’s television cord set
comes in G-foot lengths, made of 2/18
Pot-64 brown Flameno!® rip-cord. Set
has brown plastic plug and new brown
Flamenol connector molded on opposite

end. Rip-cord has smooth finish, resists
GENER"\IL%’Y‘EHCTR'C oil, water, acids, alkalies, or sunlight
aooes exra(™ JorreTleY.

deterioration. Rating is 7 amps., no. 18
wire. Set is designed for assembly on

#Trademark Reg. U. S. Pat. Off.

WANT TO TIME
TUBE LIFE?

[1GEA.3634B Voltage Stabilizers
I [1GEA-4357A D-C Capacitors
I [1GEA-5238 Selenium Rectifiers
[1GEC-306 Multi-cantact Relays
] [IGEC-472 Tube Timers

Suitable for installation in radio trans-
mitters, these G-E time meters provide
accurate record of tube operating time.

March, 1949

, Please send me the following bulletins:

television recciver rear panel, auto-
matically disconnects when panel is
removed. Write for further information.

DEPENDABLE CONTROL
FOR AUTOMATIC DEVICES

G.E.’s multi-contact relays are in-
expensive units built specifically for
appliances and vending machines. Con-
struction features assure quiet, reliable
operation, and compactness makes them
adaptable to a variety of devices such
as coin changers, phonographs, and
television receivers. Single-circuit con-
tacts or combinations of contacts for
multi-circuit application are attached
to the same sturdy frame and coil
assembly, affording a multiplicity of
relay forms. Ratings are 5 amperes at
115 volts or 24 volts, a-c or d-c. Get
details from Bulletin GEC-306.

I General Electric Company, Sectian B667 -1 l
I Apporatus Department, Schenectady, N. Y. ,

/
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TELEVISION DEMANDS PERFECTION

12

There can be no compromise with
quality — in television. New stand-
ards are essential for long life,
dependability and trouble-free

operation.

Mallory FP Capacitors are accus-
tomed to severe service—have been
operating at 85° C. for years. Even
though this extreme temperature
may not be apparent in your par-
ticular model, it’s good to know that

Mallory gives you an extra margin
of safety.

The fact that no human hand*
touches any vital part during proc-
essing and assembly shows the
extreme care taken to insure the
long life so characteristic of this
remarkable Mallory product.

*The chlorides present in perspiration cause
destructive corrosion and shorten the capac-

itor’s life in the field.

FP is the type designation of the Mallory developed electrolytic capacitor having the characteristic design pictured.
Adopted as standard by RMA, it is famous for dependuble performance.

P.R. MALLORY & CO. Inc.

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

PROCEEDINGS OF THE ILR.E.

Power Supplies

SERVING INDUSTRY WITH

Capacitors Rectifiers
Contacts Switches
Controls Yibrators

Resistance Welding Materials

March, 1949




 OHMITE
= JAN TYPE

WIRE-WOUND

RESISTORS

Resistors lllustrated Are Grade 1,
_ ] Class I, Characteristic “F"

MEET REQUIREMENTS OF

JOINT ARMY-NAVY SPECIFICATION JAN-R-26




; :‘
to modernize your product and

to enhance its “‘saleability’’

NEW!

Two slide switches rated

1 ampere at 125 volts DC
3 amperes
at 125 volts AC

$5-26 Singie evov:

Ve These sturdy,little switches are

ideal for appliances, toys and

electrical equipment requiring

3-ampere switch contact car-

rying capacity. Both are Un-

derwriters approved. Write
§5-26-1 amiie Bl for $5-26 Switch Bulletin.

Dozens of Contact Arrangements
Inexpensive types are available for practically any switching
requirement and at prices that will please you. Samples to speci- y
fications on request to quantity users. Write for Stackpole Switch
Bulletin RC7C.

Fixed and Variable Resistors ELECTRONIC COMPONENTS DIVISION, ...and hundreds of molded
Iron Cores ¢ Alnico Il Perma- iron powder, metal, carban
nent Magnets ... STACKPOLE CARBON €CO. st. Mcrys, Pa. and graphite products.

14A
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TYPE 211 —PRECISION
WAVEGUIDE SLOTTED SECTION
(%" x U~ Waveguide)

Breadband Operation; Crystal
and Balometer Detection;
Ball Bearing Carriage Support

TYPE 612 — TUNABLE CRYSTAL
AND BOLOMETER MOUNT

-

(Type N—%" Coaxial Line)

Broadband Operation; Accurate
Square-Law Detection

TYPE 575 — REACTION TYPE
FREQUENCY METER
(1%" x 3" Waveguide)

Micrometer Precision; Full
Waveguide Frequency Coverage;
Ease of Operation

TYPE 559-A— PRECISION
FREQUENCY METER
(1" x %~ Waveguide)

Dirsct Reading Dial; Linear
Drive ; Wermetic Sealing;
Temperatare Compensation

TYPE 170 — PRECISION CALIBRATED
YARIABLE ATTENUATOR
(2° x 1”7 Waveguide)

Metallized - glass Attenuating
Element; Precise and Permanent
Catibration ; Negligible
Insertion Loss

The instruments illustrated above are the result.of

) PRECISION MICROWAVE
MEASUREMENT COMPONENTS

o Similar slotted sections and
probes in standard rectangular
waveguide and coaxial line sizes
make possible precise imped-
ance measurements over the
mierawave spectrum from 1000
to 40,000 megacycles per second.

® The instrument illustrated

serves hoth as a general purpose

erystal or bolometer detector and
as an harmonic generator for
the multiplication of crystal-
controlled u-h-f signals into
the microwave region.

e Currently available in
three waveguide sizes to pro-
vide coverage from 3950 to
10,000 megacyeles per second,
these frequency meters com-
bine simplicity of operation,
precision, and reliability.

@ This unit is representative of a
complete new line of precision fre-
quency mieters available with re-
action or transmission coupling,
and providing maximum aceuracy
even when exposed to extremes
of temperature and humidity.

e A full complement of fixed
and variable attenuators and
broadband terminations in
standard wavegunide

sizes provides cover-

age from 2600 to 40,000
megaeycles per second.

of novel character are used to give the many out-

the continuing efforts of PRD% skilled stafl to pro- stundiny feutures availuble in the complete PRD

vide the microwave research engincer with test
d reliahility over equipment. An illustrated catalog may be obtained

equipnient of ultimate accuracy an

broader and broader frequency bands. Technigues

EL

N F THE LR.E March, 1949

and DEVELOPMENT COMPANY * inc

line of precision microwave mensurement and test

by writing on company letterhead to Dept. E-1.
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... But it’s simpler to design the
radio around the battery!

Portable radios designed around “Eveready” radio batteries
please everybody! The radio dealer is happy because he needn’t
clutter his shelves with slow-selling, special batteries. The user
is pleased because “Eveready” battery replacements are avail-
able everywhere. And the radio designer is pleased because the
dealer and the user are pleased.

M.m-mx

RY
8 .‘"I’.T!
*‘Eveready”” No. 950 ,,...mv:'
“°A°" batteries and RADIO
the No. #67 ‘B’’
battery make an A

ideal combina- TRADE-MARK

tion for small port. — RAD'O BATTE Rl ES

able radios.

emvoLTs

DY

There’s an “Eveready” radio battery to fit any size portable.
Call on our Battery Engineering Department for complete data.

The registered trade-marks ""Eveready”
and "Mini-Max" distinguish products of

NATIONAL CARBON COMPANY, INC.

Unit of Union Carbide and Carbon Corporation

LICC

30 East 42ad Streer, New York 17, N. Y.

Division Sales Offices: Atlanta, Chicago, Dallas, Kansas City, New York, Pittsburgh, San Francisco

16a PROCEEDINGS OF THE LR.E. March, 1949




SOLDERED lO'NT\
¢on be brazed or
weided by
wing on odapter
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EVER DUR conductors
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The best way to evaluate these glass
bushings for capacitors, modulator
transformers, and other electronic
equipment, is to see them. If you will
send us a sketch and ratings of bush-
ingt you are now using, we will
furnith you with samples of one or
more of our standard glass bushings.
Bulletin GEA -5093 contains complete
listings of our standard designs, allow -
ing you to select the particular bush-
ing you require. Power Transformer
Sales Division, General Electric Company,
16-215 Pinsfield, Mass.

to manufacturers of
electronic equipment

Con be welded, brozed, or soldered to case, forming a strong,
permonent, hermetic seol thot eliminates moisture problems and
often permits more compact, light-weight design.

General Electric now offers to other manufacturers the glass bushings
that it has used so successfully on capacitors, rectifiers, modulator and
instrument transformers, and other electrical equipment. These bush-
ings are cast of an exceptionally stable, low-expansion glass. Metal hard-
ware is a special nickel-alloy steel, fused to the glass in casting. Bushings
are attached directly to the apparatus without gaskets by soldering,
welding or brazing the metal bushing flange to the metal case.

The resulting joint Letween bushing and equipment is permanent,
vacuum-tight, and of high mechanical strength. It is especially desir-
able for equipment subject to vibration, shock, fungus growth or severe
changes in temperature. These glass bushings are available to meet dry,
60-cycle, flashover values of from 10 to 50 kv, and in current ratings
of 25 and 50 amperes (large sizes up to 800 amperes). They may be
single or multi-conductor and can be provided with a top flange to
permit mounting tube sockets directly on the bushings. Diameters
range from 1% to 3% inches and weights from 213 oz. to 4 Ib.

WRITE TODAY FOR BULLETIN GEA -5093

GENERAL ELECTRIC
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SPECIALTY
CAPACITORY

These publications will be of value to you. GEA-640B—an
interesting picture story on capacitors. GIEA-2621 and -1357
on d-c capacitors. GLEA-2027 on general a-c capacitors.
GEA-2526 and -14655 on ballast capacitors. Write Apparatus
Department, General Llectric Company, Schenectady 5, N. Y.




THESE are your capacitors. By and large,
they are the result of challenges made on
the drawing boards of your equipment de-
sign engineers—challenges that have led
us to new concepts in capacitor develop-
ment and design.

We have made contributions—the in-

troduction of the liquid dielectrics Pyranol
and Lectronol, the development of thin

kraft paper and Lectrofilm, and the use of
silicone rubber bushings and gaskets—all
evidences of our efforts toward smaller
size, lower weight, higher quality, and
lower-cost capacitors.

But basically these capacitors have been
built to meet your needs. We hope sin-
cerely that you will call upon us whenever
we can be of assistance.

GENERAL @3 ELECTRIC
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DESIGN engineers already have utilized the
SB-1 for over 10,000 control combinations on cir-
cuits up to 20 amperes at 600 volts a-c or d-c.

Standard parts and a simple basic design mean
longer life and low initial cost. There's a standard
SB-1 for most jobs. If a standard can’t satisfy,
we’ll build what you want from standard cams,
contacts, and fingers of the basic design.

A variety of attractive switch handles, and

SB I water-tight, dust-tight, oil-immersed, fabricated-
- metal, or explosion-proof housings are available to
HY fit your particular installation problems.
* it's the...coNTROL yourp P
Your nearest G-E sales representative will be
AND glad to assist you in the selection of an SB-1. Also,
ask him for a copy of GEA-4746 which gives ad-
TRANSFER ditional information about the SB-1, or write to
Apparatus Department, Section 856-6, General
SWI'I'CH Electric Company, Schenectady 5, New York.

GENERAL &3 ELECTRIC




Look at

Bunayweld”

r beffer

V antennas

Do you make television antennas, either the indoor
or outdoor type?

If so, you most certainly should consider Bundy-
weld* Tubing Many other manufacturers have and
they are turning out better antennas at lower costs
because of Bundyweld’s special advantages.

Double-walled Bundyweld is strong yet ductile.
Simply stated, this means greater ease of fabrication
for you.

It can also be supplied in the hard-drawn condi-
tion. This makes it doubly well suited for dipole and
reflector elements, which must take all kinds of wind
and weather without swaying or sagging

Bundyweld is inexpensive. It lowers production
costs, saves production time, gives better television
antennas at bigger profits to you.

WHY BUNDYWELD

Soundly engineered for easy
installation and fine reception,
these outdoor- (left) and in-
door-type (right) antennas are
fast sellers today. Both the
dipole and reflector elements
are of rugged Bundy Tubing.

1S BETTER TUBING

Call on us

If you didn't get an opportunity to talk to Bundy
engineers first hand at the LR.E. National Conven-
tion in New York, contact your near-by Bundy rep-
resentative among those listed below, and he'll be
glad to give you the full story on this miracle tubing
of industry. Or, if you wish, write directly to: Bundy
Tubing Company, Detroit 14, Michigan.

BUNDY_TUBING

INGINEERID 10
®nee. u. 8. PAT. OFF,

TOUR ERPECTATIOND

—a . '| Bundyweld Tub-

7° ing. made by »a
patented process, is
entirely different from any other
tubing. It starts as a single strip
of basic metal, coated with
& bonding metal.

Combridge 42, Mass.: Austin-Hostings Co., Inc., 226 Binney St °*
Chicoge 32, Iil.: Lopham-Hickey Co., 3333 W. 47th Place
Penn.; Ruton & Co., 404 Architecs Bidg. *

3628 E. Marginal Woy *

This strip is con-

tinuously rolled

twice laterally into

tubular form. Walls of uniform

thickness and concentricity are

assured by close-tolerance,
cold-rolled strip.

. / Next, a heating

) process fuses

bondin metal to

basic metal. Cooled. the double

walls have become a strong

ductile tube, free from scale,
held to close dimensions.

BUNDY TUBSING DISTRIBUTORS AND REPRESENTATIVES

$an Francisco 10, Calil.:

. 4 Bundywe 14
_— comes in stand-

ard sizes, up to %~
0.D., in steel (copper or tin
coated), Monel or nickel. For
tubing of other sizes or metals,
call or write Bundy.

Chottonooga 2, Tenn.: Peirson.Deokins Co., 823824 Chottancoga Bank Bldy.
Elizabeth, New Jersey: A. B. Murray Co., Inc., Post Office Box 476
Pacific Metals Co., Ltd., 3100 19th S,
Toronto S, Ontario, Cancda: Alloy Metal Sales, Ltd,, 881 Bay St

Philadelphio 3,

Seatile 4, Wash.: fagle Metals Co,

BUNDYWELD NICKEL AND MONEL TUBING IS SOLD BY INTERNATIONAL NICKEL COMPANY DISTRIBUTORS IN PRINCIPAL CITIES.

Morch, 1949
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[eking’ pegs..
andTaIking people

THERE ARE 10,000 pegs in this machine, representing
10,000 subscribers in a crossbar telephone exchange—
the latest switching system which handles dial calls
with split-second swiftness.

The pegs represent many types of telephone users
—two-minute talkers and ten-minute talkers
people who dial accurately . . . those who make a
false start or two. They are starting a journey through
a unique machine which analyzes the performance of
dial equipment in a typical central office.

But while an actual crosshar exchange connects
your call in a matter of seconds, this counterpart
moves far more slowly. It gives the Bell Laboratories
engineers who built it time to observe what happens

3
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to each call—where bottlenecks develop, which parts
are overworked or underworked, which of the circuits
are most used.

In a manual exchange, the number of operators
may be changed to meet different traffic conditions.
In crossbar, all switching is done by complex electro-
mechanical devices, permanently built in. This ma-
chine shows how many devices of each kind there
must be in a new exchange to give you the test of
service with a2 minimum of expensive equipment.

This traffic-study machine is one of the many in-
genious rescarch tools devised by the Laboratories as
part of its continuing job—finding new ways to give
you better and better telephone service.

BELL TELEPHONE LABORATORIES

EXPLORING AND INVENTING, DEVISING AND PERFECTING, FOR CONTINUED IMPROVEMENTS AND ECONOMIES IN TELEPHONE SERVICE




JUST LOOK AT THESE FEATURES ...

SHELL CONTACTS SCINFLEX
High strength alumi- High current capacity ONE-PIECE INSERT
num olloy . . . High . . . Practically no volt- High dielectric strength . . .
resistance to corrosion age drop. No addi-

High insvlation resistance.

. with surface finish. tional solder required.

ELECTRICAL CONNECTORS

fhe Finest money can buy! Contacts that carry maximum

currents with a minimum voltage

drop are only part of the many new advantages you get with

Bendix-Scintilla* Electrical Connectors. The use of “Scinflex”

dielectric material, an exclusive new Bendix-Scintilla develop-

CHECK THESE UTHER ADVANTAGES ment of outstanding stability, increases resistance to flashover
and creepage. In temperature extremes, from —-67° F. to

+300° F., performance is remarkable. Dielectric strength is

e Moisture-praof, Pressure-tight ¢ Radia never less than 300 volts per mil. Bendix-Scintilla Connectors

Quiet o Single-piece Inserts o Vibrotion- have fewer parts than any other connector on the market—and
proaf o Light Weight ¢ High Insulatian that means lower maintenance costs and better performance.
Resistance e Easy Assembly ond Dis- ERACESLERI
assembly o Fewer Parts than any other A oy
Cannectar ¢ No additional solder required /’Mn7/ !

WKITE DIRECT TO

THE SALES DEPARTMENT

Export Sales: Bendix Internatianal Division, 72 Fitth Avenue, New Yark 11, New York

PROCEEDINGS OF THE 1.R.E. March, 1949




voltage

sorensén regulators
Jminse COIOF CHANGES

due to changes in lamp voltage

The Hunter Color and
Color Dilterence Meter,
shown here in phantom is
a photo-clectric tristimulus
colorimeter equipped with
photocell windows and
mecasuring circuits so
chosen as to permit the
reading of three values of
color direct from 10-turn
potentiometer rheostats.
Precise measurements ol
color and small color dif-
ferences may be quickly
obtained.

This is another precision instrument from which accurate measurements can be ob-
tained only through accurate voltage regulation. ‘The Sorensen Model 150A Electronic Vol-
tage Regulator is employed with the Hunter Color Meter to eliminate color changes when
the voltage of the lamp changes.

Where precise voltage control is essential to accurate rcading, Voltage Regulators and
Nobatrons by Sorensen ofler you these essential advantages:

* precise regulation accuracy

* excellent wave form

¢ fast recovery time

* constant output voltage

* insensitivity to line frequency fluctuations

Write for catalog or tell us your voltage regulation problems. Our engincers will be
happy to make specific recommendations.

THE FIRST LINE OF STANDARD ELECTRONIC VOLTAGE REGULATORS

Representatives in principal cities.

gorensen and company, inc.

375 Fairficld Ave., Stamlord, Conncecticut

20a PROCEEDINGS OF THE I.R.E.
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CONSULT SHERRON’S ANALYTICAL
ENGINEERING-MANUFACTURING SERVICE

In the completeness of its depart-
ments, manpower and the skills and
experience of its personnel, the
Sherron Electronics Co. is organized
to meet any challenge in the design,
development and manufacture of:

In broad terms, Sherron's Analytical
Engineering-Manufacturing  Service
means . . . complete design, devel-
opment, engineering and manufac-
turing of “‘precision electronics"
equipment. Comprehensive, confi-
dential — this service is exclusively
for manufacturers. It is defined by
these facilities, personnel and op-
erations:

DEVELOPMENT-DESIGN: Initiated in
our electronics laboratory by experi-

o

szn..) SHERRON ELECTRONICS COMPANY

DIVISION OF SRERRON METALLIC CORPORATION
1201 FLUSHING AVENUE ¢ BROOKLYN 8, NEW YORK

March, 1949

Communications equipment . . . Elec-
tronic Control equipment . . . Vac-
vum Tube Circuit development . . .
Control of Measuring Devices . . .
Instrumentation . . . Television Trans-
mitters . . . Television Test equipment
... Test Equipment for Components.

enced physicists, engineers and
technicians.

ELECTRO-MECHANICAL LABORA-
TORY: Staffed by graduate mech-
anical engineers fully conversant
with the requirements for *‘precision
electronics.”

COMPLETE SHEET METAL FACILITIES

WIRING DEPARTMENT: Headed by
production electrical engineers.

21A
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You can
Reduce Costs
You can Improve

Performance with

PERMANENT /

/ Where's the manufacturer these days who doesn't
need all the competitive and cost advantages he can
§ i s AR get? Maybe you have new electrical or mechanical
equipment in mind—designs or re-designs that
should employ permanent magnets for best results.
MAG"ETS Maybe you have existing applications that perma-
nent magnets will do better—save you time and
money in production, and step up the efficiency of

r —— your product.

A In either case, let Arnold’s engineering service
4 help you to find the answers to your magnet prob-
/ lems. Arnold offers you a fully complete line of per-
/ manent magnet materials, produced under 1009,
quality-control in any size or shape you require,

and supplied in any stage from rough shapes to
finish-ground and tested units, ready for final
! assembly. Write direct, or to any Allegheny Ludlum
L branch office.
: WaD 1295

THE ARNOLD ENGINEERING CO.
Subsidiary of ALLEGHENY LUDLUM STEEL CORPORATION

147 East Ontario Street, Chicago 11, lllinois

Specialists and Leaders in the Design, Engineering and Manufacture of PERMANENT MAGNETS

22A




REVERE PHOSPHOR BRONZES
OFFER MANY ADVANTAGES

1 —Plunger guide

2—Thermostat spring

3—Internal lock washers
4—Contact springs

5—External lock washers
6—Operating lever

7—Cap with integral springs in side

8—Retaining spring

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

12—Contact spring for radio part

STRENGTH — Resilience — Fatigue Resistance — Corrosion Re-
sistance— Low Coefficient of Friction—Easy Workability—are 13—Pressure spring ond terminol

outstanding advantages of Revere Phosphor Bronzes, now avail- 14—Involute spring
. . 15—Contoct point for solenoid

able in several different alloys. >

16—Contoct springs

— made of Phosphor Bronze strip supplied

In many cases it is the ability of Phosphor Bronze to resist
by Revere

repeated reversals of stress that is its most valuable property.

Hence its wide employment for springs, diaphragms, bellows
and similar parts. In addition, its corrosion resistance in com-

bination with high tensile properties render it invaluable in

chemical, sewage disposal, refrigeration, mining, electrical and Ey

similar applications. In the form of welding rod, Phosphor k mt
Bronze has many advantages in the welding of copper, brass, COPPER AND BRASS INCORPORATED
steel, iron and the repair of worn or broken machine parts. Foliwi.s iy Bl liedery 51450k

230 Park Avenue, New York 17, New York

Mills: Baltsmore. M., Chicago, 111y Detroit, Mich;
New Bedford, Mass., Rome, N. Y.—Sales Offices sn
Principal Csties, Distributors Cverywhere.

Revere suggests you investigate the advantages of Revere Phos-

phor Bronzes in your plant or product.

PROCEEDINGS OF THE LR.E March, 1949 23
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Stands WBIR at Knoxville

Important member of the American Broadcasting
Company’s South Central Group is 250-watt WBIR.
Knoxville and eastern Tennessce listeners now are
dialing programs broadcast from its new 450-foot-
tall Truscon Guyed Steel Radio Tower.

This recent addition to the nation-wide . . . and
world-wide . . . string of Truscon Steel Towers climbs
tall to serve mountainous Tennessce—and is another
example of Truscon engineering to fit specific
local conditions.

ATALL i renngssts

TRUSCON &\

TOWER OF STRENGTH o>

Whether your plans call for tall or small towers, it
will pay you to consult experienced Truscon engi-
neers. They offer you the most skillful engineering
and construction in the industry . . . can help you |
make the correct choice of guyed or self-supporting I
towers, of tapered or uniform cross-section, for
AM, FM or TV. Call or write our home office in
Youngstown, Ohio, or any convenient district office ‘
for assistance —without obligation.

TRUSCON STEEL COMPANY 3

YOUNGSTOWN 1, OHIO
Subsidiary of Republic Steel Corporation J

TRUSCON 7 )| *

SELF-SUPPORTING =

Q

i

f

I

i
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i
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R cos svon e TOWERS
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" RCA turns to CLARE for a “‘relay we can
install and forget’’ for Electron Microscope.

CLARE provides o precise operating relay, capable of long
and relicble operafing life, to meet the needs of this RCA
precisian instrument. :

— 3 AR G |

LEEDS

AND

NORTHRUP

B —— = - - - B —

Give Us a Dﬁst-TighI Relay for Dusty Lo-
’ cations’” — said LEEDS & NORTHRUP.

Radio plug mounted, with terminals brought through dust-

‘l tight Neoprene gasket and with dust-tight steel cover, this
CLARE reloy solved a LEEDS & NORTHRUP problem.

WESTERN

CLARE Relays in WESTERN UNION “’Push-
Button’’ High-Speed Switching System.
CLARE provides thousands of smoll relays of moximum re-

liobility to meet exacting requirements of Western Unlon’s
highspeed communications program.

Tough relay problems are

everyday routine with CLARE engineers

CLARE customers include some of the biggest
names in the American industry ... and many
smaller concerns...whose engineers have sought
and found in CLARE experiment and research
the answer to unusual and difficult relay problems.

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

CLARE leadership in the industrial relay field
has been achieved by the ability of CLARE en-
gineers to approach any and all relay problems
with a completely open mind. No problem of
relay size, shape or operating characteristics but
finds them ready and anxious to cooperate in
its solution.

There is a CLARE sales engineer located near
you...as close as your telephone. If your pro-
blem involves relays, why not take advantage of
CLARE experience with every type of relay re-
quirement. To do so may easily save you time
and expense. Look for CLARE in your classified
telephone directory, or write: C. P.CLARE & Co.,
4719 West Sunnyside Ave., Chicago 30, Illinois.
In Canada: Canadian Line Materials, Ltd., To-
ronto 13. Cable address: CLARELAY.

CLARE
RELAYS

First in the Industrial Field




B&W DISTORTION
METER .
MODEL 400

B&W AUDIO FREQUENCY
METER MODEL 300

FREQUENCY SHIFT
EXCITER
—Provides RF drive
and frequency shift
keying to transmitter

B&W AUDIO OSCILLATOR
MODEL 200

B&W /
2 KW AMPLI-

FIER —Class C
RF Amplifier.

THE TRADEMARK THAT Rrcbli i
GREW through service to you!

Today, the Barker and Williamson trademark is backed by
three plants, excellent manufacturing facilities, and a com-
petent technical staff—all because you have shown a definite
preference for quality products and a willingness to try
practical ideas that give promise of improved performance.
Today, too, this famous trademark appears on many new
items of complete equipment—all produced by an organiza-
tion that grew because it designed and built the kind of
products you wanted. With its improved 'facilities, B&W »
pledges to continue to build better and better parts and DUAL DIVER-

CONTROL
UNIT — Oper-
ates as an elec-
tronic repeater
inteletypelines.

equipment, and to develop and offer only those products SITY CONVERT-

which you can use with confidence and pride. £ R FESKiOSE

diversity mixing

on frequency shift
circuits.

NOW IN PRODUCTION AT B&W

Complete Radio Transmitters « Dual Diversity Converters,

RECEIVER AS-
SEMBLY — Stand-
ard Army BC-342
modified for dual
diversity reception.

Control Units and Frequency Shift Exciters for Radio Teletype
Transmission « Special Test Equipment « Redesign, Modern-
ization and Modification of Existing Equipment « Machine
Work « Metal Stamping « Coils « Condensers « Other

Electronic Devices in a Wide Range of Types.

Ba&AW .
ALL BAND

FREQUENCY
% MULTIPLIER
MODEL 504

J"*\ e ”-. 1 ; . A - =
BARK 2 WI IAMSON INC «
237 FAIRFIELD AVE. UPPER DARBY, PA. 1
NSt
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the modern concepl
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in READABILITY... | =
in SHIELDING!'! 'ﬁ

- @esigned ...and styled...to bring you Weston’s
concept of the finest general purpose portables

: ever produced! These instruments are offered with
7 full assurance that their dependability will reflect
B credit upon the name they bear. Wtit'g( for Circular

- A-22-A. Weston Electrical Instrument Corp., 589

P - e \

~ Frelinghuysen Ave., Newark 5, N. INSTRUMENTS
Albany « Atlanta o Boston e Buffelo « Charotte e Chicago o

Cincinnati  Cleveland  Dallas « Deaver  Detioit o Houston o Jacksonville
New Otleans o New York o Oilando o« Philadelphia © Phoenix o Pittsburgh e Rochester o San Francisco o Seatlle o SI. Louis o

Knoxvills  Littls Rock e Llos Angeles o Moriden « Minneapolis « Newark
Syracuss o Tulsa « In Canada, Northern Electric Co., L1d., Powertite Devicss, Ltd.
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GROUP |
Type E

GROUP Il
Type AF

S
N e ]
t N v
LJ

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

Found in the Aerovox engineering liter-
ature, this chart classifies Aerovox electro-
lytic types into four groups based on
severity of service and cost considerations.
Groups | and I-A comprise hermetically-

)
any m’Ders,On

" AEROVOX
Aba@-severe -se
ELECTROLYTIC CAF

hour...day in and day out...

60°

260 'C_’to + 85 c
°+lﬂ5-r 60

ng -2, C. to +

any '"‘*”Ud:ng

hlgh

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

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

6% r lq+;af§rc

‘For dependable television...hour after

GROUP I
Type PRS

® Whether your electrolytic re-
quirements be for extra-severe,
severe or just normal service,
let Aerovox engineers collabo-
rale in working out the best
answer.

FOR RADIO-ELECTRONIC AND

INDUSTRIAL APPLICATIONS

i

7 'SALES CrFICES IN ALL PRINCIPAL CITES « Export: 13 E. 40th ST., NEw York 16, N. V. 7
ble: “ARLAB’ o

A Casada: AEROVOX CANAOA LTD., H

AMILTON, ONT.
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iperm Alloy Transformers Feature = ' :
FOR IMMEDIATE DELIVERY

e Hum Balﬂlldﬂg Coil Structur
]

anced i
Varioble Impedan
ce Line

ersible Mounting
oy Shields
Itiple Coi
oil i
, Semi-Toroldal Coil §
il Structur
e

h Fidelity

1ot ion

No.
HA-100 Low impedon nce mike
pickuP: of multipte 333, 500 ohm*
\ine 0 grid-
HA-\OOX gome ©% gbove but h o oltoy interno! ghield © cftect very tow hv™ pickvP
HA-10V ow impedo mike, . 125. 200, 250, 200 ms ovel 30—20,000
pickuP: \| ple \ine 333, 500 ohm?® Ay, 0 gections
ro push-PY mi gnds
HA-\O\X gome 0% obove but with yri-otoyY intern } shield 1o effect y lo¥ hum pickvP-
HA-108 Mixing: w impe donce o0, 125 200, 250. 50, 125 200, 250. 0—20,000
mike, pic k up ©f multipte 333, 500 ohm* 333, 500 ohm*
\me
HA-106 single plote to pvst™ 00 to 135,000 ohms 30-20
put grids 15,000 ohms 1.5:1 ratio.
eoch side
HA-113 single plate 0 moltipte 8,000 Yo 50, 125 200, 250, 30-2
\ine. 15,000 ohms 333, 500 oh™
HA-134 push - 89°'s ©f 5,000 ‘e 50. 125, 200, 250. 3020
2A%s to \ine. 10,000 ohms 300, 500 ohm*
HA-135 Push- -pult 72A%'s Y0 3,000 to 30, 20. 15, V0.
voice coil. 5,000 ohms 7.5, 2 2.5, V.2
the ab ve ng ¢ wd s only © few of
Hiper™ A\\ y ‘lrons!o (mers availa® ble . _write 10



AU'TOMJ\Tl € MAN UFACT\UIUN G CORP o RATION

uAnu'Ae'uﬂzna or

.’-—“("ol'/s and ('a/:aufors

srONE
(.13 OOUVERNEUR STREET nu-lIOQ.DT a- 2100

NEWARK 4. N 3
January 19, 1949

Mr. T. R. Moore, Jr.
gales ManageTs Antarsg products
piv. of General Aniline & Film Corp.

Gentlemen:

You may be 1nterested to learn that G.A.P. Carbonyl Iron
powders have been & major ractor in the success of our K-TRAN.
Never pefore has any radlo component of unusugl design peen SO
unlversally accepted py the entire radio {ndustry-

The excellent uniformity and high volume productlon of your
producc has enabled us to develoP a speclal process for the
production, in extremely large quam'.ity, of 8 complex tuning
core which is the wheart" of the K-TRAN.

Your product has enabled us o deslign into our K-TRAN both
very higp electrlcal performance and unparalleled mechanlcal
and climatic scablllty, otherwlse only obtainable in much
larger and more expensive units, and eagerly sought after by
K-TRAN imitators. we feel that 1t 1s only reasonable that you
should reallze the part you 8&re conbribubing to the success of
our producc.

’
very gruly. yours,

AUTOMATIC MANUFACTURING CORPORATION

A

J. P. Tucker
Appllcablon Englneer

797/nm

]E{ :[1 EE;
Ea Ea E; aEl Ci-:lb EB t; :1-]:1- LJ.:i— E;:k:l Ea Ci- l;l EB Ea LH

| M
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| | 1e manuf:
i e m: acturer
b of the famous “K-Tran”
rer of the ' Tran 1
gt Ve A rmance with economy ol
M ey . Carbonvl Iron Powd ek
e oln powder gives the o
T supert
owder. It is easier to et e
s co
ntrol from the stand-

point of

manufa

. ¢ s

little ¢ ture. h is unif

control work o niform. therefor

n the p: e ;

) the part of the manuf requires very

anufactu )
¥ rer.

G. A&
g & F. C:
. Carbonyl 1
1 ; 3 3 ’
nachine. Thev s ron Powders are easi |
life. : vV save moneyv ] easier to 1 | ~N
. and save time | v because of ass | nold and
(SR Yoo assure
avings of 5101 I |I“se tools need chan . longer 100l
av d r
e been reported ging less often. ~

G. A.*F. Car
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K TRAN made by Automatic Manu-
facturing Co. Available in RF and IF
transformers covering frequency ranges
from 20 KC to 30 Megacycles and higher.

ho's really "sold"

g ®
- 0 e o ° °
For the highest permeability for the Q developed, follow >" ° )
the advice of Automatic Manufacturing. Ask your core
. . Py ® L ® ® e
maker. Ask your coil winder. It’s a well-known fact among
1 y , b} . ! e
electronics experts that Carbonyl Iron Powders are better! °

ANTARA PRODUCTS

A DIVISION OF

GENERAL ANILINE & FILM CORPORATION
444 Madison Avenue

See Antara Products’ “Parade of Cores & Coils”— Booth 27
. and 28, Radio Engineering Show of 1919 L.R.E. National
Convention, Grand Central Palace, New York City, March
7-10. Carbonyl Iron Powders also on exhibition at the Spring

E Mecting of the Metal Powder Association, Drake Hotel, PY New.YO'k.zzl N. Y. -
Chicago, April 5 and 6. L P » Y
°
°
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o o » the economy of thoriated-tungsten filaments
and improved cooling in high-power tubes

Here is unparalleled tube value. ..

Five new RCA tubes, ranging in power
input from 1.5- to 150-kw, and success-
fully utilizing economical thoriated-
tungsten filaments which offer marked
savings in filament power and the
cost of associated power equipment.

Five tubes with proved features of
previoussimilar types. Two—the 5762
and 5786—have efficient newly de-
signed radiators that permit the use
of less expensive blowers.

Five tubes with improved internal
constructions that contribute to their
more cfficicnt operation and longer
service life.

These five new RCA tube types are
“musts” for designers of broadcast,
communications and industrial ¢lec-
tronic c¢quipment where design and
operating economies alike are im-
portant considerations.

Forced-air-cooled assemblies and

water-jacket assemblies are available
for most RCA power tubes.

RCA Application Engineers are
ready to consult with you on the ap-
plication of these improved tubes and
accessories to your specific designs.
For complete technical information
covering the types in which you are
interested, write RCA, Commercial
Engineering, Section 47CR, Harri-
son, New Jersey.

THE FOUNTAINHEAD OF MODERN TUBE DEVELOPMENT IS RCA
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TUBE DEPARTMENT

RADIO CORPORATION of AMERICA

HARRISON. N. 4.
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Regional Directors of the

HERBERT J. REICH

Director, 1948-1949
Region 1: North Atlantic

Ierbert J. Reich (A’26-
M’'41-SM’43-1"'49),  well-
known authority en elec-
tron tubes, was born on Sta-
ten Island, N. Y., on October
25, 1900.

Upon receiving the Ph.D.
degree in 1928 from Cornell
University, where he had
won the M.E. four years pre-
viously, he joined the fac-
ulty of the University of Illinois as assistant professor of clec-
trical engineering. He was advanced to the rank of associate
professor in 1929 and to professor three years later.

In 1944 Dr. Reich was granted leave of absence to join the
staff of the Radio Research Laboratory, at Harvard Univer-
sity. At the end of the war, in 1946, he accepted an appoint-
ment as professor of electrical engineering at Yale University.

Dr. Reich has served on many IRE Committees. A member
of the AIEE, the American Association for the Advancement
of Science, the American Society for Engineering Education,
and a fellow of the American Physical Society, Dr. Reich has
written numerous papers and books on electron tubes, and is
the author of “Theory and Application of Electron Tubes,” as
well as co-author of “Ultra-High-Frequency Techniques.”

Joun B. CoLEmaN

Director, 1948-1949
Region 3: Central Atlantic

John B. Coleman (A'25
~M'38-SM'45-F'48)  was
born in Indiana County, Pa.,
on August 29, 1899. Starting
as an amateur in 1914, he
became a radio operator for
the Marconi Co.in 1917. The
following year he taught at
the Carnegie Institute’s Sig-
nal Corps Air Service School
for Radio Mechanics.

After World War I, Mr. Coleman graduated from the Car-
negie Institute of Technology in 1923 with the B.S.E.E. de-
gree. From 1923 to 1925 he served as engineer in charge of the
Westinghouse Co.’s Radio Station WBZ; later becoming sec-
tion engineer in charge of high-power transmitter design.

In 1930 Mr. Coleman left Westinghouse to join the engi-
neering department of the RCA Manufacturing Co. at Cam-
den, N. J. Appointed chief engineer of the special apparatus
engineering department in 1939, he was advanced to the post
of assistant director of engineering for RCA Victor in 1945,

Mr. Coleman was Chairman of the Philadelphia Section of
the IRE in 1942, He is a member of the AlEE, the American
Society of Naval Engineers, the Army Ordnance Association,
Tau Beta Pi, and Eta Kappa Nu.

Joun V. L. HoGaN

Director, 1949-1950

Region 2: North Central
Atlantic

John V. L, Hogan (M'12-
F'15), president of the In-
terstate DBroadcasting Co.,
was born in Philadelphia,
Pa., on February 14, 1890.
After working for a year as
laboratory assistant to Lee
de Forest, Mr. Hogan en-
tered the Sheffield Scientific
School in 1908. Two years
later he became an electrical
engineer on the staff of the National Electric Signaling Co.,
and in 1914 became chief research engineer.

In 1918 the company’s name was changed to the Inter-
national Radio Telegraph Co., and he was promoted to
manager. Three years later he opened his own office as a
consulting radio engineer in New York City.

President of Radio Inventions, Inc., Mr. Hogan has pat-
ented many inventions in the television and facsimile fields.
In 1934 he founded radio station WQXR (then W2XR),
which the New York Times acquired ten years later. As presi-
dent of the Interstate Broadcasting Co., Mr. Hogan still di-
rects operation of WQXR and its sister station WQXR-FM.,

Mr. Hogan is a prolific contributor to radio literature. e
also is one of the founders of the IRE, and a past President.

GEORGE R. Town

Director, 1949-1950
Region 4: East Central

George R. Town (A'37-
SM'44) was born on May
26, 1905, in Poultney, Vt.
He received the degrees of
E.E. and D.Eng from the
Rensselaer Polytechnic In-
stitute in 1926 and 1929.

In 1929 he was appointed
an engineer in the research
laboratory of the Leeds and
) Northrup Co., remaining
unt!l 1933, when he left to work briefly as a development
engineer for the Arma Engineering Co.; then was appointed
to the faculty of Renssclaer as an instructor in mathematics
and electrical engineering. Three years later Dr. Town joined
the Stromberg-Carlson Co. as an engineer in the research de-
partment, and, after becoming engineer-in-charge of the tele-
vision lal_)oratory and assistant director of research, he at-
tained his present position as manager of engineering and
research. In- 1945 he was elected assistant secretary.

Dr. Town was chairman of the Rochester Section of the
IRE from 1942 to 1944, and has served on several IRE com-
mittees. Vice-president of the Rochester Engineering Society,
he is a member of the AIEE and an officer on various RMA
committees. He has also served on the RTPB and NTSC.
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THEODORE A. HUNTER

Director, 1948-1949
Region 5: Central

Theodore A. Hunter (A'45
—M’45-SM'46) was born on
December 5, 1900, in Dike,
Iowa. In 1922 and 1924 he
received the B.S. and M.S.
degrees from the University
of Towa, and the E.E. de-
gree in 1931.

After completing school,
Mr. Hunter became a trans-
mission line inspector for
the Northwestern Bell Telephone Co., and later joined the
Crosley Radio Corp. Subsequently he taught at the University
of Pittsburgh and the Rose Polytechnic Institute.

Following a period of semiretirement, during which he en-
gaged in consulting work on police radio systems, Mr. Hunter
joined the Collins Radio Co. at Cedar Rapids, Iowa, in 1940.
In 1947 Mr. Hunter left Collins to form his own firm, the
Hunter Manufacturing Co., where he specializes in electronic
equipment for amateurs and the medical profession. He also
acts as consultant for the University of Iowa.

Mr. Hunter was one of the founders of the Cedar Rapids
Section of the IRE in 1944. He is a member of Sigma Xi, a
director of the lowa Engineering Society, and president of the
Cedar Rapids Engineer's Club.

FrREDERICK E. TERMAN

Director, 1948-1949
Region 7: Pacific

Frederick Emmons Ter-
man (A'25-F'47) was born
in English, Ind., on June 7,
1900. Educated at Stanford
University, he received the
BB.A.in chemical engineering
in 1920,and the E.E.in 1922,
In 1924 he was given the
D.Sc. in electrical engineer-
ing by the Massachusetts
Institute of Technology.

The following year Professor Terman joined the electrical
engineering faculty of Stanford as an instructor, and was ad-
vanced to assistant professor, associate professor, and full
professor and executive head of the electrical engineering de-
partment. From 1942 to 1945, he directed the Harvard Uni-
versity Radio Research Laboratory. Returning to Stanford in
1945, he was appointed dean of the school of engineering.

Professor Terman received the honorary D.Sc. from lar-
vard in 1945, a decoration from the British Government in
1946, and the U. S. Medal for Merit in 1948. A past President
of the IRE, he is also a member of the AIEE, the American
Physical Society, the American Society for Engineering Edu-
cation, and the National Academy of Sciences. He is the
author of a number of books and technical papers on radio.

BEN AKERMAN

Director, 1949-1950
Region 6: Southern

Ben Akerman (A’'38-SM-
'44), assistant manager of
Radio Station WGST in At-
lanta, Ga., was born in Wil-
mington, N. C., on July §,
1908. He entered the Rich-
mond Academyin 1922, and,
graduating, in 1926, matri-
culated at the Junior College
of Augusta, Ga., complet-
ing the course in 1928.

For the next 3 years he studied at the Georgia Institute of
Technology, leaving in 1930 to join the engineering staff of
Radio Station WGST. He was made Chief engineer in 1937
and assistant manager in 1947.

At the same time Mr. Akerman acted as consultant to the
Georgia Department of Public Safety: he was chief engineer
of the Georgia State Police Patrol from 1939 to 1941, setting
up the Department's first radio system in 1940. A registered
professional engineer, he is a member of the National Associa-
tion of Professional Engineers.

Mr. Akerman was Chairman of the Atlanta Section of the
IRE in 1939, Chairman of the Program Committee of the
IRE-Georgia Institute of Technology's Broadcast Engineer-
ing Conference in 1947, and General Chairman in 1949.

Frank H. R. PoUNseTT

Director, 1949-1950

Region 8: Canadian

Frank H. R. Pounsett
(A’26-SM'44-F'47) was
born on September 12, 1904,
in London, England. Emi-
grating to Canada in 1910,
he obtained the bachelor's
degree in electrical engineer-
ing from the University of
Canada in 1928,

In that year he joined the
DeForcst Radio Corp. in
Toronto and rose to be senior radio engineer. He left in 1934 to
become chief engineer of the Stewart-Warner-Alemite Corp. in
Belleville, Ont. Six years later he moved over to the newly
formed Research Enterprises, Ltd., in Toronto, where he
was chief engineer, responsible for production design of all radar
apparatus manufactured in Canada during World War II. In
1946 he was appointed chief engineer of Stromberg-Carlson
Co., Ltd., in Toronto. Heis responsible for design and engineer-
ing of the company's communications equipment in Canada.

Mr. Pounsett is a member of the Association of Profes-
sional Engineers of Ontario, the Acoustical Society of Amer-
ica, the Rochester Engineering Society, and the Royal Cana-
dian Institute. He was Chairman of the Toronto Section of the
IRE from 1945 to 1946.
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Invention, or creative work, appears not to fall readily into conventional or
purely logical sequences of mental processes. The element of intuition, born of
need or knowledge, apparently plays a major role in bridging gaps in our in-
formation, processes, and devices. o

The interesting questions which thus arise are of outstanding importance to
many scientists and engineers, They are treated in stimulating fashion in the
following guest editorial by the chairman of the department of clectrical
engineering at Northwestern University, who is, as well, a Senior Member of
the IRE and a fellow of the AIEE.—The Editor.

Developing Design Abilities
J. F. CALVERT

Engineering progress is built upon invention and design, and we; in both college and industry, should seek new ways
to find and develop the latent abilities for creative work which are possessed by many of the younger engineers. Formal
engineering education is based largely on the techniques of analysis, because these provide for the accurate statements of
fundamentals and for rigorous thinking in quantitative terms. But not often are new designs analyzed into being;
usually they are synthesized by bold qualitative thinking.

Observation, memory, and logical thinking are the mental abilities required for analysis; and these are carefully
developed along engineering lines through laboratory, lecture, and problem assignments. How to develop imagination
and judgment, those additional qualities required for the synthesis of invention and creative design, is an intriguing
challenge. Some have felt that, to achieve in design, one must become attuned to nature in order to project forward in
time somewhat as does the painter who envisions the form and color of the finished work in oil. Sikorski speaks of
intuition in invention as the “forerunner of knowledge” which tells of the correctness of things which later may be
proven by observation and analysis. Yet all of this stems from imagination as a series of forms, colors, sounds, or
images which occur in the mind, and intuition is that sense of rightness based upon subliminal cues which say, “Stop,
this is it, the meaningful whole.” If this is creative design, what may be done about so spritely a thing?

Actually, its progress can be described in almost sequential steps. A human need or want must be discovered which
should be translated into engincering through a statement of desired physical results. Next, various physical com-
binations are devised in tle hope that one or more eventually will yield these results; and, starting almost concurrently,
the combinations must be evaluated in terms of the human need, and in terms of cost and time. These are the steps in
the initial stages of design,

The designer should seek always to replenish his knowledge of human wants, real or potential, which he believes
should be satisfied. He may classify them in terms of existing products, or perhaps in terms of certain perennial needs.
Among the latter are: the preservation of life and health, individual freedoms of action (such as those concerned with
shipment, travel, and the communication of intelligence), sheer amusements, escapes from the daily requirements of
life, release from drudgery, and release from worry, anxiety, and fear. Sometimes at the start the designer does not even
have a problem clearly defined, but he is well on his way when he can clearly specify what he wishes to produce or to
determine, and what obstacles must be overcome, .

Next comes the arduous “soaking-in” process where he strives to encompass within his ken all which may bear upon
a solution, and where he strives to create images of physical entities which may yield a satisfactory combination. Block
diagrams, curves, charts, vectors, home-made symbols, free-hand sketches, rough models, and analogies are employed
to aid the free flow of images and their initial evaluations. Often from hours and days of seemingly useless efforts,
frustration and great discouragement envelop the mind of the designer, and may be thrown off only by rest, diversion,
and the perspective to be gained by returning, as from a distance.

What may be done to develop the techniques of creative engineering? At the undergraduate level, laboratory
studies which call not only for answers but for the development of procedures permit a start to be made; system studies
involving pneumatic, hydraulic, mechanical, and electrical controls permit advance; and senior seminars may give the
more original students practice in the initial stages of design. At the graduate level, research may offer the student not
only the chance for original work, but the opportunity to see how ideas are found and how decisions are made within
a project team. In industry, a young engineer of presumed potential ability may be apprenticed to designers to give
him much the same opportunities as those afforded through graduate research. Often in each of the last two training
periods the student should be required to summarize and then to generalize upon his findings. This gives him practice in
reducing experience to its simplest and most concise terms, and makes it possible for his progress to be guided. In his de-
velopment, the young engineer must be brought to realize the difference between the “crackpot inventor” and the
successful creative designer. While cach has developed that knack for visualizing the new and novel. the difference is
measured not by the degree of newness of ideas but by the judgment with which they are weighed. '

The ?nginegr [earns that questions must be as!ced and answered: Why is this job worth doing: is the magnitude of
the poss.nble.gal{] likely to make the result unquestionably accepted, or is the gain to be at best only marginal; what will
be required in time, money, and materials; and 1s.there other work \\'th.h shoul(_J take precedence? Yet the introduction
of the young d?SIgner to these necessary appraisals must be accomplished without permanently damping his ardor
for creative achievement, S

‘éi — — - — e —_—
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Detection of Radio Signals Reflected from the Moon*®
JOHN H. DEWITT, JR.}, SENIOR MEMBER, IRE, AND E. K. STODOLAY, SENIOR MEMBER, IRE

Summary—This paper describes the experiments at Evans
Signal Laboratory which resulted in the obtaining of radio reflections
from the moon, and reviews the considerations involved in such
transmissions. The character of the moon as a radar target is con-
sidered in some detail, followed by development of formulas and
curves which show the attenuation between transmitting and re-
ceiving antennas in a moon radar system. An experimental radar
equipment capable of producing reflections from the moon is briefly
described, and results obtained with it are given. Some of the con-
siderations with respect to communication circuits involving the moon
are presented. The effects of reflection at the moon on pulse shape
and pulse intensity for various transmitted pulse widths are dealt
with quantitatively in the Appendix.

I. INTRODUCTION

{HE POSSIBILITY of radio signals being reflected
71[ from the moon to the earth has been frequently

speculated upon by workers in the radio field.
Various uses for such reflections exist, particularly in
respect to measurement of the refracting and attenuat-
ing properties of the earth’s atmosphere. Other conceiv-
able uses include communication between points on the
carth using the moon as a relaying reflector, and the
performance of astronomical measurements.

Late in 1945, a program to determine whether such re-
flections could be obtained and the uses which might be
made of them was undertaken by the U. S. Army Signal
Corps at Evans Signal Laboratory, Belmar, N. J. The
work has been continued since then, and, although for
various reasons progress on it has been slow, this paper
has been prepared to indicate the nature of the work and
results so far obtained.

[I. THE MooN As A RApar TARGET

‘The moon is approximately spherical in shape, is some
2,160 miles in diameter, and moves in an orbit around
the earth at a distance which varies from 221,463 miles
to 252,710 miles over a period of about one month.

In considering the type of signals to be used for reflec-
tions, the manner in which the reflection occurs must be
considered. If it were assumed that the moon were a
perfectly smooth sphere, the reflection would be ex-
pected to occur from a single small arca at the nearest
surface, as would be the case with light and a mirror-
surfaced sphere. HHowever, astronomical examination of
the moon reveals that, in its grosser aspects at least, its
terrain consists of plains and mountains of the same
magnitude as those on the earth. Further, because of
the lack of water and air on the moon to produce
weathering, it is probable that the details of the surface
are even rougher than the carth. Thus, it is assumed
that the type of reflection to be obtained from the moon

* Decimal classification: R537.4. Original manuscript received by
the Institute, March 11, 1948,

t Radio Station WSM, Inc., Nashville, Tenn.
$ Reeves Instrument Corporation, New York, N. Y.

will resemble the reflections obtained on earth from large
land masses, or, to use radar terminology, ground clut-
ter. An example of such a reflection obtained experi-
mentally on carth is shown in Fig. 1. The echoes shown
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Fig. 1—Reflection obtained from a mountainous region on earth
with a 25-microsecond, 106-Mc pulse.

were plotted from observations made with a 25-micro-
second 106-Mc pulse transmitted into a mountainous
region near Ellenville, N. Y. It will be seen that the
intensity of reflection at various ranges varies in a quite
random fashion, subject to a general dropping as the
range increases. In this case, at 30 miles range and tak-
ing the antenna beam width as 12° and for the pulse
width of 25 microseconds, or 2.7 miles, the echo at 30
miles range is the averaging of all echoes over an area
of about 17 square miles. A pulse of the same width di-
rected at the moon, using equation (35) in the Appen-
dix, may act upon as much as 5,800 square miles. Thus,
in the case of the moon, the return echo for a major por-
tion of the time is an averaging of echoes over a very
large area and could be expected to exhibit a high degree
of constancy per unit projected area.

Thus the most reasonable assumption seems to be
that, on the whole, the moon bchaves for radio waves
much as it behaves for light; that is, when illuminated
from the direction of the earth, it presents a disk equal
in arca to the projected area of the sphere, the disk being
illuminated in a generally uniform manner with any
bright or dark spots distributed over the disk in a ran-
dom manner. On the basis of this, it is evident that ap-
preciable power contributions to the returning signal are
received from areas on the moon which are at various
ranges from the earth. Therefore, if a pulse system is
used, to obtain maximum reflection the pulses should be
long in time compared to the time required for a radio
wave to travel in space the distance from the nearest




232

The results of these equations are shown in Fig. 2.
The solid curves give the attenuation for various sizes
of antenna apertures, as indicated. The dashed line indi-
cates the transition between a beam wider than the
moon and one narrower. As indicated previously, this
transition does not occur abruptly as in these idealized
curves, but the curves do give a basis for close estima-
tion of the system requirement.

100000
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Fig. 2—Attenuation of the earth-moon-earth radar path for

various frequencies and antenna apertures.

In ali of the above, no effects of attenuation due to
losses in the atmosphere or space, nor to the efféct of
refraction in the atmosphere, have been considered.
However, at frequencies in the range from 100 to per-
haps a few thousand megacycles, it is probable that for
a considerable portion of the time these effects will not
materially affect the attenuation figures given in the
curve, since shorter-range radar operation in this fre-
quency range gives results which are consistent with the
assumption of negligible losses in the atmosphere and,
with some exceptions, no refraction effects.

At frequencies much below 100 Mc, ionospheric re-
fraction or reflection effects become much more pro-
nounced, and it is probable that signals could not be sent
to the moon and back at these lower frequencies.

It should also be noted that, in the above discussion,
no attention has been given to ground reflections. If the
antenna beam width is wide enough and the angle at
which the antenna is aimed is low enough so that the
ground is heavily illuminated by the beam, the ground-
reflected wave will, at certain elevation angles, reinforce
the direct wave, so that, under ideal conditions, the an-
tenna gain will be increased by 6 db, and the over-all
attenuation of Fig. 2 may be reduced under these con-
ditions by as much as 12 db.

EQUIPMENT REQUIREMENTS

The attenuations shown in Fig. 2 for ordinarily used
antenna sizes are considerably in cexcess of the spread
between transmitter power and minimum detectable
signal for the receiver in a usual radar system. Further,
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as shown in the Appendix, to obtain attenuation even as
small as shown in Iig. 2, a pulse width in excess of
12,000 microscconds is necessary, so that consideration
of ordinary radar systems is ruled out on this ground, in
addition to the long travel time to the moon and back
which makes desirable the use of a low pulse-repetition
rate,

Fig. 3 gives a basis on which the performance of a
radar system may be approximately estimated. The in-
put noise power with which a signal must compete is
given by Pigiwe = K1TB where K = Boltzmann's constant
=1.37 X107 joules/degree, T is the effective input (an-
tenna) resistance temperature in °KK, and B is the band-
width in c¢ps. This figure must in increased by the noise
factor of the receiver.2:5-7
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Fig. 3 Johnson noise and transmitter power levels in
decibels with respect to 1 milliwatt.

If the pulse width of a radar transmitter is approxi-
mately (by a factor of from 1/2 to 2) equal in seconds
to the reciprocal of receiver intermediate-frequency-
amplifier bandwidth in ¢ps, the minimum detectable
signal will be of the order of the effective input noise
(that is, KT'B increased by the noise factor). It can be
assumed that the effective antenna resistance is at a
temperature of 300°K and, even if this assumption is
not precise, when the noise factor referred to this tem-
perature is not too close to 1, the error introduced by a
lower effective antenna temperature will not be serious.
The minimum detectable signal is also affected by pulse-
repetition rate and other factors, but the above con-
sideration gives a uscful initial approximation.

: '/l\‘hevrelfgencc;s given are relevant to this and later discussion.

A. V. Haeft, “Minimum detectable radar signal and its depend-

ence upon the parameters of radar systems,” I’roc. I.R.E., vol. 34,
pp. 857-861; November, 1946.

" . T. Friis, “Noise figures of radio receivers,” Proc, I.R.E., vol.
32, pp. 419-422; July, 1914,
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In Fig. 3, curve 1 gives decibels relative to 1 milliwatt
corresponding to Johnson noise (KTB) for various
bandwidths at a temperature of 300°K, while curve 2
gives decibels relative to 1 milliwatt for various trans-
mitter powers. As an example of the use of these curves,
a typical 3,000-Mc radar set might have a receiver noise
figure of 12 db, a receiver bandwidth of 1 Mc, a pulse
width which is the reciprocal of this, 1 microsecond, and
a transmitter peak power of 100 kw. The spread be-
tween transmitter and receiver would in this case be
determined by:

(1) Receiver minimum signal is —114 db from the
point on curve 1 for 1 Mc, increased by the noise
factor of 12 db, or —102 db.

(2) Transmitter power from the point on curve 2
corresponding to 100 kw is +80 db.

The spread in this case is 182 db. In Fig. 2 it will be
seen that, even with a 20-foot dish and assuming that
full reflection could be obtained with the 1-microsecond
pulse, the attenuation in the earth-moon-earth path
would be 185 db. Actually, the use of the short (1-mi-
crosecond) pulse would make the attenuation 37.7 db
greater, as discussed in the Appendix. Thus, on the ba-
sis of the assumptions used here, such a system falls
about 40 db short of being capable of producing reflec-
tions from the moon.

All of this suggests that the type of radar system
needed is one with a very wide pulse and correspond-
ingly narrow receiver bandwidth. As previously pointed
out, a pulse width substantially greater than 0.012 sec-
ond is desirable, and, if a pulse width of 0.05 second
be considered, using the criterion that the bandwidth
should be the reciprocal of the pulse width, a band-
width of about 20 cps is indicated.

To use such a narrow bandwidth requires a degree of
frequency stability far beyond usual radar require-
ments, and so, in undertaking the moon-reflection exper-

iment, the use of a rather elaborate crystal control was .

contemplated. The narrow bandwidth in the receiver
makes it necessary to consider doppler shift between
the frequencies of received and transmitted signal due
to the relative velocity between the moon and the equip-
ment on the earth. The relative velocity between a
point on earth and the moon depends upon two com-
ponents, one due to the rotation of the carth about its
axis, and the second due to the motion of the moon’ in
its orbit about the center of the earth. At the latitude of
Evans Signal Laboratory, 40° 10’ North, the velocity
component due to earth’s rotation depends upon the
angle at which the moon is viewed, and may be as much
as 795 miles per hour at moonrise or moonset. Added
algebraically to this is the velocity relative to the center
of the earth of the moon in its orbit. This varies between
plus 185 miles per hour and minus 185 miles per hour,
so that the relative velocity may reach 795 plus 185
equals 980 miles per hour or 0.273 mile per second at
this latitude. Since the velocity of light is 186,000 miles
per second. and since the velocity with which the path
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length changes is twice the figure given above because
of the two-way path, the frequency may be shifted by
as much as a maximum amount AF which is related to
the operating frequency by

0.273 X 2
186,000

AF =F X = 2.96F X 10~%. (17)

It was found that the Signal Corps was in possession
of some experimental transmitting and receiving equip-
ment, obtained from E. H. Armstrong, which was de-
signed for 111.5-Mc operation, and which could be mod-
ified to approximate the requirements above. The sys-
tem finally used overcame the frequency-stability prob-
lem by using a single crystal for obtaining the frequency
control of the transmitter and all of the local-oscillator
injections in the receiver except the final one. A multi-
plicity of mixers based on this single crystal is used to
heterodyne the signal down to 1.55 Mc, where an inde-
pendent adjustable-frequency crystal provides the final
local-oscillator injection to heterodyne the signal down
to the final intermediate frequency of 180 cps with a
bandwidth of about 50 cps. Thus, the problem of fre-
quency stability becomes one of maintaining a stability
of about +20 cps at 1,500 kc, which does not require
unusual techniques. Variation of the frequency of this
crystal allows tuning of the receiver to the precise fre-
quency required. The frequency to which the receiver is
tuned, or, more precisely, the frequency by which its
tuning must differ from the transmitter, depends upon
the magnitude of the doppler effect, which must be cal-
culated for the particular circumstances under which
the operation is conducted. At the 40° 10’ North lati-
tude, considered here, the maximum shift for a 111.5-
Mc signal, using (17), will be AF=111.5X10°X2.96
% 10-%¢=2327 cps, which, although small, is an appre-
ciable shift when bandwidths of 50 cps are being con-
sidered. A simplified block diagram of the equipment
is shown in Fig. 4. The apparatus has been described in
detail elsewhere.?

The transmitter used initially had a peak power of
about 3 kw. The noise factor of the receiver was § db
and its bandwidth about 50 cps. However, because the
amplifiers preceding the 180-cps narrow-bandwidth am-
plifier had a bandwidth wide compared to the 180-cps
intermediate frequency, the receiver had an image re-
sponse equal to the main response and separated from
it by 360 cps. This image in effect doubles the band-
width of the receiver, so that the incoming signal must
compete with the noise in 100 cps of bandwidth rather
than 50. Referring to Fig. 3, the equivalent receiver
noise level is —154 db for 100 cps plus 5 db for noise
factor, or —149 db. The transmitter level is plus 65 db
for 3 kw, so that the total spread is 149 plus 65, or 214
db.

Reference to Fig. 2 shows, at 111.5 Mc and with an

® Jack Mofenson, “Radar echoes from the moon,”

Electronics,
vol. 19, pp. 92-98; April, 1946.
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Fig. 4—Simplified block diagram of the 111.5-Mc moon radar system.

antenna diameter of 50 feet, an attenuation of slightly
under 200 db. For 111.5-Mc operation, an antenna
having gain equivalent to that of a 50-foot circular
antenna is not too difficult to construct. (Large an-
tennas for higher frequencies become difficult because
of the accuracy of construction required.) It was de-
cided that two antennas of the type used on the Army
SCR-270-271 radar series could be assembled together
to provide an array of dipoles about 40 feet square to
give a gain (with the current distribution used) of about
250 over that of an isotropic radiator. Substituting
this value in (Sb) for F=111.5 Nc and the other
values as used in deriving (12), it is found that P,/P,
=1.34 X10~%, corresponding to 198.7 db attenuation.
Thus the equipment previously described, with its 214-
db capability, should be capable of showing a reflection
from the moon, even with allowance for moderate trans-
mission-line losses not considered previously, some at-
mospheric attenuation, and a loss due to depolarization
by the reflection at the moon.

The antenna described above was mounted on a rein-
forced standard mount for the SCR-271 radar system,
which is capable of rotating the antenna in azimuth
only. Because of this search limitation, observations
were restricted to a relatively short time near moonset
and moonrise. (The antenna beam width is about 12
degrees.) The fact that the beam necessarily is directed
horizontally implies that substantial ground reflections
occur which break the antenna beam into a lobed struc-

ture, with the round-trip attenuation in the center of
these lobes being, under ideal conditions, as much as 12
db less than if no ground reflections were present. The
extent to which this 12 db is realized depends upon
ground conditions at the “bounce point,” and in this
case an arbitrary estimate is made of an 8-db gain from
this source. Using the previous figures, which show an
approximate 15-db margin, and adding the above 8 db
gives a 23-db excess performance, neglecting transmis-
sion line, polarization, and propagation losses.

The power output of the transmitter was later in-
creased to about 15 kw by use of an SCR-270-271 trans-
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Fig. 5—Schematic diagram of the triode radar transmitter
converted to a neutralized 15-kw amplifier.,
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Fig. 0 - Photograph of the radar transnuitter converted to an amplhi-
fier. The d-wavelength open lines for neutralizing are visible pro-
jecting out the top

mitter modified to operate as a neutralized triode ampli-
fier. The neutralizing was accomplished by open 1/2-
wavelength lines connected between the plate and grid
of the WL 530 tubes originally used as oscillators, and
the grid excitation is supplied “bazooka” fashion by
lengths of coaxial line attached to the cathode output
lines. A schematic diagram of the rather unusual ar-
rangement is shown in Fig. 5. Fig. 6 is a photograph of
this amplifier, and Figs. 7 and 8 show other apparatus
used in the experiments, and an acrial view of the sta-
tion.

MEASUREMENT OF SYSTEM PERFORMANCE

Measurements of the performance of such a system
are necessary in order to evaluate the results obtained.

Fig. 7—Keying oscillator and sweep circuits, viewing oscilloscope,
audio oscillator and oscilloscope for tuning the receiver to proper
doppler shift, and miscellaneous controls.
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Aerial view of the moon-radar installation looking in
the general direction of moonrise.

Fig. 8

Some of the measurements and adjustments are per-
formed in a somewhat unusual way and will be de-
scribed here,

The receiver has a pass band of about 50 cps at
111.5 Me. It was found that ordinary signal generators
are not capable of maintaining such stability even for a
fraction of a second. A signal generator was converted
to crystal-control operation with a vernier frequency
control in the form of a variable capacitor across the
crystal. With this it was found possible to maintain the
frequency for very short intervals, but the problem of
leakage duc to inadequate shielding and filtering re-
mained. This problem can be appreciated by considering
the fact that, as indicated previously, the equivalent re-
ceiver input noise level is —149 db with respect to 1
milliwatt, or 1.25 X 107" watt, which in terms of voltage
across a 50-ohm transmission line is 0.008 microvolts.
In view of these difficulties, use of the signal generator
was abandoned in favor of noise-factor measurement by
a diode noise generator. The use of such a diode will be
briefly described, since its use for this purpose has not
becn widely publicized.

In a diode operated so that the plate current is ad-
justed by the filament temperature with plate voltage
fixed and high enough so that increasing plate voltage
causes no increase in plate current (thatis to say, a tem-
perature-limited diode), a noise current is present in the
plate circuit whose value is given by

Tooise® = 2¢l4B (18)

where

¢ = the charge on an electron, 1.59 X107 coulombs
I.=the diode plate current in amperes
B =the bandwidth in cps
I.0ise = the rms noise current.

1f this current is made to flow in a resistor of R ohms,

the voltage developed across the resistor is

Enoiu = R\/ZCIdB (19)
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Thus the resistor may now be considered as a constant-
voltage noise source I% in series with a resistor R, from
which the available powert is

bnoluz CIJBR

]’n’ se
' 4R 2

(20)

I'he noise available at the receiver output in the absence
of any added diode noise is
Py, = NKTBG 21)

where

G = the available power gain of the receiver

N =the noise factor of the receiver (N here is a
power ratio. It may be converted to decibels
if desired)
the receiver noise power with the diode noise
source connected but no diode plate current;
that is, no noise contribution from the diode.
If the diode noise is now added to the receiver input and
increased until the recciver noise output is doubled,
that is, increased to 2Py, then the contribution due to
the added diode noise Pooise is Po,. For this condition,
the added noise-output contribution of the diode is

PVI

el4BR

Po'z = Pol (22)

or THE [.RE. March

where Py, is the added output noise power due to the
diode plate current. Equating (21) and (22),

e
LR (23)
2K1
and substituting the previously given value of e=1.59
X1071%, K=1.37X10"%, and 7"'=300, gives
N = 1941,4R. (24)

Fig. 9 shows a schematic diagram of the diode noise
source for use on the 250-ohm line feeding the antenna
system. The one-fourth-wave tubing supports for the
diode assembly serve as isolating clements to feed fila
ment and plate voltages to a special tungsten-filament
diode. The whole assembly is placet on the transmission
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Fig. 9—Schematic diagram of diode noise generator
for noise-factor tests,
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Fig. 10—Test calibrating signals in the moon-radar receiver. Levels given are db with respect to recejver equivalent-input-noise level
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line, and a short circuit placed on the line to the an-
tenna at a distance of one-fourth-wavelength from the
diode, so that the 250-ohm diode load replaces the an-
tenna impedance. The diode current is then raised until
the receiver noise power output, as indicated by a
thermocouple connected before the final detector, is twice
the output for no diode current. Substituting R =250 in
(24), the noise factor is

N = 4.85]ma (23)
where I.. is the diode plate current in milliamperes.

The effect of a pulsed signal of any given intensity
may be simulated by injecting a signal at one of the
intermediate frequencies, and by means of a thermo-
couple at the receiver output, referring the level to the
receiver input. This injection can be most conveniently
done at the 180-cps intermediate frequency. A series of
test signals of this kind is shown _in the oscilloscope
photographs of Fig. 10. These photographs show the
test pulses on the 4-second sweep of the oscillosope, and
the decibel levels shown are with respect to the noise
output of the receiver. Referred to the receiver input,
if the noise factor is 3.2, that is, 5 db, then the 0-db sig-
nal in the photo corresponds to an input signal of —149
db with respect to 1 milliwatt, the 2-db signal to —147
db, etc. These photographs facilitate estimation of the
intensity of returns from the moon.

The receiver frequency can be easily adjusted by
connecting the vertical deflection plates of an oscillo-
scope to the receiver output and a standard audio oscil-
lator to the horizontal deflection plates. (See Fig. 1)
The small leakage from the transmitter produces a fre-
quency in the output circuit which is the difference be-
tween the transmitter and receiver frequencies, =+ the
180-cps final intermediate frequency. Thus, for example,
if it is desired to receive on a frequency 200 cps higher
than the transmitter frequency, the audio oscillator is
set to 180 plus 200 or 380 cps, and the final receiver
crystal oscillator is adjusted until a stationary circular
pattern is obtained on the oscilloscope (care must, of
course, be taken that the upper or lower heterodyne as
required be chosen).

The transmitter output power is measured by a crys-
tal detector used with a directional coupler.® This de-
tector operates in conjunction with a calibrated ampli-
fier and oscilloscope arrangement to give an oscilloscope
deflection which is a measure of the transmitter power
on each pulse. The directional coupler used is also capa-
ble of measuring power reflected back down the trans-
mission linc from the antenna, and so may also be used
to determine the SWR of the transmission line.

Directional couplers for open lines 'and at this rela-
tively low frequency are rather unusual, and the one
used here will be briefly described. A photograph of the
coupler is shown in Fig. 11. It consists of two one-fourth-

* W. W. Mumford, “Directional couplers,” Proc. I.R.E., vol. 35,
pp. 160-165; February, 1948.
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wave shorted sections 4 and B which are tapped onto
the main open 250-ohm transmission line at two points
C and D which are separated by one-fourth wavelength.

M .

Fig. 11—Photograph of the directional coupler used for power
measurement on the moon-radar system open transmission line.

On each of these a 50-ohm unbalanced line is tapped
at a point (E and F) near the shorted end, so that
approximately 1/30 of the voltages on the 250-ohm line
at points C and D are applied to the respective 50-ohm
lines. The 50-ohm lines are provided with “bazooka”
one-fourth-wave skirts (G and II) to provide a balanced
to unbalanced connection. The 20-db 50-ohm pads J
and K) are provided to furnish additional attenuation
and assure proper termination of the 50-ohm lines. L

and M are the two output points which are connected

by the auxiliary one-fourth-wave line P (which is
shorter physically than the open line one-fourth-wave
section CD because of the dielectric material used in the
50-ohm line). It will be seen that energy extracted from
the line at C travels to point L through a path of the
same length as the energy extracted at point D which
travels to point M.

Now, considering the functioning of the coupler, it
will be seen that, of the energy traveling along the main
transmission line, say in the direction C to D, small and
(very nearly) equal fractions are extracted by lines 4
and B. These two fractions of the energy reach point M
by equal path lengths and so are in phase at this point,
and reach point L by path lengths which differ by one-
half wavelength and so cancel (except for a small resi-
due which exists because the energy available at D is
less than that at C by the amount which has been ex-
tracted at C). Similar reasoning for the energy traveling
along the main line in the direction from D to C will
reveal that the extracted fractions add at L and cancel
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at M. Thus, very closely, a measurement at M is a
measure of the power being transmitted along the main
line in the direction CD, and a measurement at L is a
measure of the power being transmitted along the main
line in the opposite direction. I'rom these measurements
the net power and the SWR may be determined.

REFLECTIONS OBTAINED FrROM THE MOON

With the apparatus in somewhat cruder state than
described above, echoes from the moon were first ob-
tained at moonrise on January 10, 1946. Oscilloscope
deflections and an audible tone pulse in the loudspeaker
connected across the 180-cps if amplifier were casily
perceptible. One of the earlicst photographs, that of an
echo at moonrise on January 22, 1946, is shown in Fig.
12. In this photograph the sweep is that of a conven-
tional type-A radar oscilloscope; that is, the sweep starts
at the left of the screen with the transmitter pulse (not
visible except for a disturbance due to the mechanical
transmit/receive switch) and progresses uniformly
across the screen. At about 2} seconds a vertical deflec-
tion occurs due to the reception of the pulse returned
from the moon. The total sweep in this case is slightly
in excess of 3 seconds.

Wik
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Unfortunately, the project has been beset by numer-
ous apparatus difficultics and the fact that, because of
other work, it has been difficult to concentrate effort on
it. As a result, the data which can now be reported are
still fragmentary, but some useful qualitative conclu-
sions can be drawn.

woomRIIe !
ATINUTH .
vewoaiTy .

|

1R} '
\‘ \\\‘\\\«M\wwuw\»
T 081 S5 AT e e

BRI N0 DS
100,000 200,000 300,000

130,000
wiley

Fig. 12—Oscilloscope traces of moon radar echo observed
during rising of the moon, January 22, 1946.

As previously indicated, observations have so far been
limited to moonset and moonrise because of the limita-
tions of the antenna structure. In general, results have
been poorer at moonset than at moonrise, presumably

Fig. 13—Twenty-five successive moon echoes. The time interval between photographs is approximately 4 seconds
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because the antenna looks over land at moonset, under
which condition the effect of ground reflection is prob-
ably less effective than when, as at moonrise, the an-
tenna looks over the sea. So far, no significant correla-
tion has been observed between echo effects and the
time of day at which observations must be made,
weather conditions, and the azimuth position of the
moon. Undoubtedly, however, there are relations in-
volving at least some of these factors, and it is hoped
that eventually some precise information of this kind
may be obtained. For example, it has been noted that
the relation between the time on a particular day at
which the first echoes were received differs from the
time of optical moonrise by an amount which varies by
several minutes from day to day. Frequently echoes are
received before optical moonrise. This is undoubtedly
due in part to changes in atmospheric refraction and
attenuation from day to day, and in part to changes in
the radiation pattern in different directions. Frequently,
even with the equipment to all appearances in satis-
factory working order, no echoes are observed.

One of the most striking effects noted has been a
large, rapid variation in the signal strength observed.
These changes occur much too rapidly to be accounted
for by the coarse lobe structure of the antenna. In Fig.
13 is a sequence of 25 successive sweeps with the echoes
in successive pictures separated by about 4 seconds. It
will be seen by comparison between the test signals of
Fig. 10 and the actual echo signals of Fig. 13 that, in the
fourth line of echo signals, pictures 16 to 20, the decibel
levels are about as follows:

Picture No. (Fig. 13) Decibel Level

16 20
17 2
18 20
19 6
20 14

These are separated in time by only about 4 seconds,
which corresponds to a change in elevation of the moon
of about 0.016 degree, which is a very small amount in
terms of the beam width, or even the width of the lobes
into which the beam is broken by the ground reflec-
tions. This rapid variation in signal level conceivably
could be due to rapid bending or absorption of the path
through the atmosphere, and this seems reasonable and
probable in view of the fact that on numerous occasions,
when the equipment appeared to be working in a com-
pletely satisfactory manner, no echoes were obtained.
Another possibility is that libration of the moon (rota-
tion of the moon with respect to the point on earth from
which it is viewed), might account for such variations.
At moonrise or moonset this rotation reaches a maxi-
mum rate of 3 degrees per day. This corresponds to a
(differential) velocity at the outer edge of the moon of
ahout 1 meter per second. That is, in 4 seconds, one edge
of the moon moves 4 meters closer to and the other edge
4 meters away from the observer. If large contributions
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to the particular reflection happen to come from large
areas near the edge of the moon, this movement might
easily cause large variations in signal strength. This
view, however, is not consistent with the concept of ran-
dom roughness of the moon, and is one of the questions
which it is hoped future work will answer. An effort was
made particularly to observe variations in signal
strength on a day when it was calculated that the rate of
libration in both latitude and longitude would be at a
minimum, but no conclusive result was obtained.

It should be noted that the photographs of Fig. 13
were obtained with a transmitter peak power output
of about 15 kw. According to the calculations given
previously, this corresponds to a calculated excess sys-
tem performance of about 30 db. Neglecting transmis-
sion-line losses, depolarization, and atmospheric atten-
uation, the signals received should have a peak power
of 30 db above rms receiver noise. From comparison of
Figs. 10 and 13 it is seen that moon echoes in excess of
20 db above receiver noise were obtained.

The effects of extraneous noise, both local and cosmic,
have been very bothersome, and the effects are difficult
to separate. Interference from ignition systems of pass-
ing automobiles, neon signs, harmonics, or other inter-
ference from other radio operations, and interference
from other laboratory operations are among the local
sources which have been identified, together with many
unidentified disturbances. A 111.5-Mc narrow-band
amplifier (about 100 kc wide using cavity resonant cir-
cuits) is included in the rf amplifier system to reject
strong near-by signals which might cause cross-modula-
tion difficulties in later stages, but does not aid in elim-
inating the interference from disturbances within the
finally used pass band.

Noise from the sun has been observed in the form of a
considerable increase in output noise level, superimposed
on which are large bursts of noise of shorter duration. A

_comparison device in which the antenna connection of

the receiver is periodically switched between the an-
tenna and a resistor, with the output of the receiver be-
ing synchronously switched from one side to the other
of a balance device, has been used as an extremely sensi-
tive means to measure such noise. The resistor is so ar-
ranged that the known noise current from a temperature-
limited diode may be passed through it to permit cali-
bration of the system.

The noise from the sun has been observed as the sun
rises and sets, and the maxima and minima of the an-
tenna lobe structure are discernible as the sun passes
through the beam. Observation of the echoes from the
moon is usually impossible when the sun is in the same
direction as the moon at the time observations must be
made. It is outside the scope of this paper to discuss this
noise question in more detail, but it is mentioned as one
of the difficulties encountered.

From the time when the first moon-radar experiments
were performed there appears to have been a progressive
increase in the external noise level to an extent that it is
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frequently difficult or impossible to discern radar echoes
from the moon because of the high noise level. Whether
the increase has been local or cosmic is difficult to deter-
mine, because of the wide antenna beam width and the
fact that the present antenna cannot be raised in cleva-

tion.
Usk oF THE MooN IN CoMMUNICATION CIRCUITS

One of the reasons for initiating the moon-radar study
was the possibility that the moon might be used to
reflect communication signals from one point on carth
to another. It is outside the scope of this paper to con-
sider this matter in extended detail, but it will be briefly
discussed in the light of the moon radar experiments.

Analytical consideration of the question indicates that
communication in this manner is subject to limitations
and difficulties which rather discourage its considera-
tion except in extreme situations. Some of these con-
siderations are:

(a) Unless a very narrow-beam-width transmitting
antenna is used, the probable multiplicity of reflections
from the moon would make nccessary complicated ap-
paratus to obtain a wide-bandwidth communication
channel.

(b) Unless narrow-beam-width antennas are used, the
power requirements are very large.

(c) If narrow-beam antennas are used, the construc-
tion of them is difficult, and a tracking problem arises.

(d) A moon-communication circuit is only usable at
such times as the moon is simultaneously visible from
both recciving and transmitting points.

(e) The long transmission travel time would be objec-
tionable in some cases.

The experiments reported above indicate that some of
these considerations are very important, and that there
are additional considerations that should also be men-
tioned.

(f) Examination of Fig. 13indicates that the attenua-
tion of the carth-moon-earth path is subject to rapid and
large variations.

(g) If the attenuation variation mentioned in(f) is due
to rapid bending of the path, the problem of using nar-
row-beam antennas becomes even more difficult.

(h) During periods when the sun and moon both fall
in the beam width of the receiving antenna, the noise
contribution of the sun will be very high. At other times
there may be sume contribution of noise from the sun by
reflection from the moon, but this will probably be
negligible. (It was not identifiable in the moon-radar
experiments.)

Thus, while the moon-radar experiments are in them-
selves a demonstration of the fact that a communication
link using the moon as a passive reflector is definitely
possible, such a system is subject to difficulties and lim-
itations which make its extensive and general use un-
likely, as viewed at present.

In connection with the subject of communication cir-
cuits involving the moon, it is interesting to consider
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the possibility of a one-way radio circuit to the moon.
IZquation (1) gives the power flow per unit areca at the
moon at a range R. If a receiving antenna of arca Ap’
were placed on the moon, it would intercept a power
Py’ given by

Pr' = Sodi'. (26)
If Gr'is the gain of this receiving antenna, the relation
of Gr' and Ag' is given in (4h). Combining (1), (4b),
and (26) gives the gain from the transmitter antenna
terminals on earth to the receiver antenna terminals on
the moon as

rp ST1GGr’

= (27)
P, R

It should be remembered that the antenna gains are

with respect to an isotropic antenna, R is in meters, and

Fis'in megacyles.

To evaluate the above figures, consider a nondirec-
tional transmitting antenna (gain of 1) and a simple re-
ceiving antenna with a gain of 10, at a frequency of
100 Mc. For this case and the range of 4.07 X 108 meters,
Pr/Pr=3.45X10"", or an attenuation of 164.6 db.

Now consider a standard FM broadcast station of 50
kw operating on 100 Mc and an FM receiver operating
with a bandwidth of 200 kc. From curve 1 of Fig. 3 the
thermal input noise to such a receiver is —121 db with
reference to 1 milliwatt and, allowing a receiver noisz
factor of 5 db, the equivalent input noise is —12145
= —116 db. If it be assumed that a signal 10 db greater
than this might give usable FM reception, a —106-db
signal would be sufficient for operation of the receiver.
The 50-kw transmitter output corresponds, from curve 2
of Fig. 3, to 4+77 db with respect to 1 milliwatt, so the
spread between transmitter and receiver is 183 db against
the path attenuation of 164.6 db. Thus it is evident that,
even without an extraordinary antenna system, an M
broadcast station on earth could be readily received on
the moon. In fact, this calculation shows that even a 1-
kw FM station could probably be detected. If antennas
similar to those used in the moon-radar experiment were
used at each end of the circuit, the 164.6-db path at-
tenuation would be reduced to about 127 db. If the path
length were then increased to 50,000,000 miles, the at-
tenuation would only be increased by 46 to 173 db, a
figure still within the 183-db spread of the 50-kw 200-kc
bandwidth F\ system. Thus, using only presently de-
v'eloped radio equipment, Mars and Venus also are at
times within reach of a 50-kw FM station on the earth,
and vice versa.

These speculations, of course, omit consideration of
the. fading and attenuation observed in the radar ex-
periments dnd which might make reception difficult.
However, in the one-way path considered here, this
shou!(l .be less scrious than in the two-way radar path,
and if it ever becomes practical to place a nonpassive
relay station on the moon, possibly with means for re-
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generating the signal shapes, earth-point to earth-point-
communication via the moon might look much less dis-
couraging.

GENERAL CONCLUSIONS

The work so far has indicated that, under some condi-
tions, a radio signal can be transmitted from the earth
to the moon, be reflected, and again be detected on the
earth, and that the character of this path changes mate-
rially from time to time, both rapidly and on a long-
time basis. The most important observations concern
the interesting questions which are raised and which it is
hoped future research and experiment will answer.

More detailed information concerning the precise na-
ture of the reflection at the moon should be obtained by
use of a pulse narrower than the 0.0116 second required
for travel across the moon and back. Fig. 18 shows that
with a pulse of 1,000 microseconds the peak return would
only be down about 8 db, and the increased bandwidth
required for a 0.001-second pulse over the 50-cps band-
width used in the experiments reported here would in-
crease the receiver noise contribution by 13 db, repre-
senting a degradation in system performance of 21 db.
Fig. 13 shows just about this excess in system perform-
ance for the present equipment arrangement. Thus,
with some increase in transmitter power and a com-
promise pulse width of perhaps 2,000 microseconds, un-
der the best conditions it should be possible to get some
indication of return pulse shape with equipment gen-
erally similar to that described in this paper, except
with wider intermediate-frequency and video band-
width in the receiver.

It would be desirable to obtain observations of moon
echoes over extended periods, not only with a horizon-
tally directed antenna as described, but also with an
antenna capable of movement in all directions. The
work should also be extended to other frequencies.

Fig. 13 shows the need for an arrangement for trans-
mitting pulses in more rapid sequence so that the ef-
fects which occur during the 4-second intervals between
the pulses in Fig. 13 can be observed. The effects of noise
from the sun and other cosmic sources, and its effect on
these operations, should be further investigated.

It is hoped that the plans which have been made for
investigating these and other questions can be carried to
completion and the results published in a later paper.
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APPENDIX

EFFECT OF REFLECTION FROM MOON ON SHAPES AND
AMPLITUDE OF RaDIO-FREQUENCY PULSES

The shapes and intensity of echo pulses from the
moon can be derived on the basis of the assumption that
the moon looks, for radio waves in the frequency range
considered, like a uniformly illuminated disk. Consider
first the situation for a pulse of duration AT, which is
small conpared to the time required for a wave to travel
twice the distance equal to the radius of the moon (that
is, the time for a round trip over a path length equal to
the radius of the moon). If AT is the pulse length, the
range interval in miles over which the reflection is ob-
tained is AX =AT/2X186,000.
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Fig. 14—Short radar pulse passing across the moon.

Referring to Fig. 14, the projected area active in
producing a reflection for a pulse of width AX is the
difference in the circles having radius of 3 and y.. That
1S,

AA = 7Y — 7V (28)
By the geometry of Fig. 14,
V?i=1r— (r — X — AX)? (29)
and
V2=1r*— (r — X) (30)
Combining (28), (29), and (30)
A = 21rAX<r - X - A—Z}i) (31)

and, for the condition stated, that AX is small compared
to r— X except for the very end of travel, where r=X,
the AX/2 may be ignored, leaving

AA = 2mAX(r — X). (32a)

In Fig. 15 this is plotted and shows the shape (in terms
of power) of the returned pulse (observed from a great
distance) as the radiated pulse (measured from its trail-
ing edge) passes over the moon. The manner of rise to
the peak value 277AX has not yet been considered, but
obviously it rises to this value in the time AT in some
such fashion as shown in the dotted portion of Fig. 15.
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Fig. 15—Shape of return pulse from the moon for very short
transmitted pulse. (Curve is on a power basis.)

The manner of rise will be considered in more detail in
the analysis of the effect on__'a. Ipulse wide compared to
the moon.
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Fig. 16—Long radar pulse passing across the moon.

Corsider a pulse such that AX is larger than 7 (sce
Fig. 16). Now, as the leading edge of pulse starts’across
the moon, the power returned varies in proportion to the
area illuminated—that is, the area illuminated when the
leading edge is at point X is

Ax = n(2rX — X?). (33)
This will continue until X reaches the value » when the
pulse levels off to its peak value, corresponding to
A =wr?, at which level it continues until the trailing
edge of the pulse reaches the edge of the moon at which
time the power level starts to decrease. The power re-
turned at the time the trailing edge is at position X’
measured in the same co-ordinate as X is proportional
to the total disk area less the portion left unilluminated,
or, now using (33) for the unilluminated area
Ax' = =(r? — 27X 4+ X?2). (34)
A plot of the effective area in terms of time which is the
power shape of the returned pulse is given in Fig. 17,
based on (33) and (34) and the above considerations. In
this figure, distances have been converted to a time
basis to show the extent of pulse broadening.

For values of pulse width AT’ intermediate between
AT very short and AT larger than 0.0116 second, the
pulse will rise along the initial rise curve of Fig. 17 to
a value given by analogy to (33) as

Amex’ = 7(2r1AX — AX?) (35)

and then drop linearly for a period of (0.0116 second
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—AT) as shown in Fig. 15. At this point the leading
edge of the pulse has reached the center of the moon,
and the trailing edge is at r —AX so that the power con-
tributing area has reached an intermediate value given
by substituting r —AX for X in (34) or,

At = w(2X)? (36)
after which the value then drops to zero as along the
main decay curve of Fig. 17. This action has been dotted
in on Fig. 17.

Fig. 18 facilitates estimation of the maximum value
of area effective for a particular value of pulse width in
terms of the area which would be effective if the pulse
were wide enough to utilize the full moon. The rising
portion of the curve of Fig. 4 has been replotted in Fig.
18 to show area (or echo power) in terms of db relative
to power from full area and microseconds transmitted
pulse length.
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Fig. 17—Shape of return pulse from the moon for very long or fairly
{;)ng ()dotted curve) transmitted pulse. (Curves are on a power
asis.
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Fig. 18—Pecak power reflected from moon as a function of pulse
width, in terms of peak power reflected for a very long pulse.

Thus, for example, the peak power level of echo from
a I-microsecond transmitted pulse of a given peak power
would be expected to be about 38 db below that of the
echo from a 0.05-second transmitted pulse of the same
peak power.

In all of the above, the effect of the back side of the
moon is ignored, since, at the “line-of-sight” frequencies
considered here, it is in a “shadow” region.
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Oversea Propagation on Wavelengths

© %k
of 3 and ¢ Centimeters
J.'S. MCPETRIEf SENIOR MEMBER, 1RE, B. STARNECKIY, H. JARKOWSKIY, Anp L. SICINSKI{

Summary—This paper summarizes the results obtained from
tests extending from 1943 to 1946 which were made to determine
the meteorological factors controlling the propagation of centi-
meter waves. Oversea paths of 60 and 200 miles off the West Coast
of Great Britain were used for the experiments. Continuous records
of radio field strengths and frequent measurements of the meteoro-
logical conditions along the paths were made. The correlation be-
tween the radio results and the various meteorological parameters
is studied in the light of current theories of microwave propagation.

I. INTRODUCTION
N ) URING THE last war, when the importance of

l centimeter waves was rapidly increasing, it was
very soon discovered that our knowledge con-
cerning the propagation of these waves was quite inade-
quate. According to the then-existing theory of propaga-
tion of radio waves along the earth’s surface, the useful
range of centimeter waves should be limited to receiving
positions within optical view of the transmitting an-
tenna. On operational radar, however, it was soon ob-
served that ranges far in excess of the optical horizon
were frequently obtained. A new theory of propagation!
was evolved in which the waves were assumed to be
guided round the earth’s curvature by superrefraction
of the waves in the lower regions of the atmosphere due
to particular distributions of water vapor and tempera-
ture. It was necessary to check how far this theory
agreed with the experimental results, and whether there
were any other factors influencing propagation which
had not been taken into account. Another important
requirement was to determine whether there was any
possibility of forecasting the signal level purely from our
knowledge of the general meteorological conditions,
such as are given by synoptic charts, since the para-
mount influence of meteorological conditions upon the
propagation of centimeter waves was already appreci-
ated.

Following upon a recommendation by the Ultra-
Short Wave Panel of the British Ministry of Supply, in
1941 an extensive series of experiments on centimeter-
wave propagation over sca was started by the Signals
Rescarch and Development Establishment of the Min-
istry of Supply, in collaboration with the British Ad-
miralty.

It was originally planned to build a number of fixed

* Decimal classification: R113.501, Original manuscript received
by the Institute, June 4, 1948; revised manuscript received, Septemn-
baer 20, 1948

t Signals Research and Development Establishment, Ministry of
Sup{;l‘, Christchurch, Hampshire, England.

Cormerly, Signals Research and Development Establishment;
now, sumewhere in Poland.

' H. G, Booker and W. Walkinshaw, “The mode theory of tropo-
spheric refraction and its relation to wave guides and diffraction,”
from, “Meteorological factors in radio-wave propagation,” pp. 80-
127, (Report of a Conference held April 8, 1946, ut the Royal Insti-
tution, London, by the Physical Society and the Royal Meteorolog-
ical Society.)

radio stations on the South Coast of England and to usc
paths in the English Channel between Beachy Head and
the Lizard, but this plan was discarded as it was con-
sidered that these paths would be too close to enemy
territory. Paths across Cardigan Bay and the Irish Sea
were finally chosen, and G. W. N. Cobbold of the Sig-
nals Research and Development Establishment found
the most suitable sites. These were located in the
neighborhoods of Fishguard, in South Wales, Aber-
daron, in North Wales, and Portpatrick, in Scotland. At
each center the Signals Research and Development
Establishment built two stations at different heights, as
described more fully below.

These stations were in continuous operation for about
three years, closing down in June, 1946, and an enor-
mous amount of data in the form of recordings of field
strengths, calibration charts, recordings of meteorologi-
cal conditions, etc., have been collected. The aim of this
paper is to present a short description of the experi-
mental work, and also to analyze as completely as pos-
sible the results obtained.

II. DESCRIPTION OF THE STATIONS AND EQUIPMENT

All these stations were referred to by letters A, B, C,
etc., by the personnel and establishments concerned,
and for convenience this nomenclature will be used
throughout the paper.

Transmitter Locations

Station A—540 fect above sea level at Garn Fawr,
near Fishguard, Pembrokeshire, South Wales.
Station B—93 fect above sea level at Strumble Head,
near Fishguard, Pembrokeshire, South Wales.

Recetver Locations

Station C—820 feet above sea level at Rhiw, Cacrnar-
vonshire, North Wales.

97 feet above sca level at Aberdaron,
Caernarvonshire, North Wales.

Station 1—375 feet above sea level at Knockharna-

han, Wigtownshire, South West Scotland.

Station '—93 feet above sca level at Portpatrick,

Wigtownshire, South West Scotland.

It was thus possible, using these six stations, to work
cight different radio links, the distances and “inverse
opticalities”? of which are given in Table L.

All the sites were chosen so as to have a clear view to
the sca. A map (Fig. 1) shows the position of the
Welsh stations.

Station D)

1 The “inverse opticality” is defined as the ratio d/d\+ds where
dy and dy are the horizon (fi,smnccs of the two stations, and d is the
distance between them. In this paper the horizon distances are
calculated using the true-earth radius, not the effective radius.
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TABLE 1

Link [ Great Circle Inverse
mn Distance (miles) Opticality
AC ' 59.2 0.9
A-D [ 57.0 1.4
Al 195.5 3.7
A-F 196.3 4.9
B-C 57.9 1.3
B-D 55.7 2.3
B-I l 194.0 ‘ 5.5
B-F ' 194.6 l 8.2

Each station was provided with four “windows”
through which transmitting or receiving paraboloids
could be directed, thus permitting the simultancous
operation of four sets, Observations have heen made on
two centimeter wavelengths—9.2 and 3 cm, and also
on a wavelength of 3.45 meters (using external Yagi an-
tennas). Meteorological measurements (pressure, tem-
perature, humidity, wind-speed, etc.) have been taken
along the paths and also at cach station. During a
period of a few months of the project a large number of
meteorological observations were miade by ships of the
Royal Naval Meteorological Service in Cardigan Bay,
including observations up to 200 feet by means of
balloons. These were replaced later by aircraft making
the necessary observations in a manner shortly to be
described.
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Fig. 1—Geographical disposition of the West Coast stations.
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The radio stations were manned by SRS personnel,
the centimeter-wave measuring equipment having been
developed and supplied by the Rescarch Laboratories of
the General Electric Company under contract to the
Admiralty. A preliminary analysis of the results during
the first two years of operation has been carried out by
the National Physical Laboratory, which has also de-
veloped and provided some monitoring equipment for
the centimeter-wave sets. The 3.45-meter equipment
has been installed by the Admiralty 28

The Rescarch Laboratories of the General Electric
Company have also produced, under contract to
SRDE, a 3-cm duplex radiotelephone set® which was
used for communication between Stations A and C (i.e.,
along the optical path).

Fig. 2—Opcrations room and front view of Station .\.

Fig. 2(a) shows an inside view of the operations room
at Transmitting Station A. In the background is a
9-cm-band transmitter, in the middle is the 3-cm-band
duplex radiotelephone set, and in the foreground is a
3-cm-band transmitting sct. Some monitoring equip-
ment can also be seen on the table in the foreground.

3 R. L. Smith-Rose and A. C. Stickland, “An experimental study

orological conditions upon the propagation of
aves,” from, “Meteorological factors in radio-wave
(Report of a Conference held April 8, 1946,
London, by the Physical Society and the
* H. Archer-Thomson and E. M. Hickin, “Radio lechniq'ue and
tudy of centimetre-wave propagation,” Jour.

. QSL pp- ‘1367—1373; March, 1946.
- Megaw. “Experimental studies of the propagation of
Jour. IEE, Part I11A. vol. 93, pp. 79-97;

¢ H. R. L. Lamont, R. G. Robertshaw, and T. G, Hammerton,
" Wireless Eng., vol. 24, pp. 323-

tE.C. S
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TABLE 11
Link ' Inverse Opticality Wavelength
A-C . 0.9 3cm
B-C 1.3 9.2 cm
B-D » 2.3 3.45m
B-D 2.3 9.2 cm
B-D 2.3 3cm
B-D'* 3.1-3.6 9.2cm
B-D’* 3.1-3.6 3cm
A-E 3.7 9.2 cm
A-E 3.7 3.45m

* During October, 1945, some short-term trials were carried out
on 3 and 9 cm between Station B and receivers situated on the beach
near Station D. The height of the receivers above sca level varied
between 10 and 20 feet, depending upon the tide, giving “inverse”
opticalities from 3.1 to 3.6. D’ refers to these temporary receivers.

Fig. 2(b) is a front view of Station A. The two boxes
mounted on pillars in front of the building contain
monitors for checking the output of the senders.

This paper is concerned mainly with the presentation
and detailed analysis of the radio and meteorological
results which were obtained during the five-month
period from July to November, 1945. The greatest

McPetrie, Starnecki, Jarkowski, and Sicinski: Oversea Propagation on Wavelengths of 3 and 9 Cm
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number of links were in operation during this period.
Details of the various links are given in Table I1.

It should be noted, however, that a similar analysis
has been carried out for the period between July, 1944,
and July, 1946. The results obtained during the whole
period were quite consistent and similar during the cor-
responding periods of the year. Thus the conclusions
reached seem to have quite a general validity—limited,
of course, to the particular climatic and geographical
conditions under which the experiment has been car-
ried out.

II1I. NIlEASUREMENTS
A. Radio

Signals transmitted from Stations A and B were con-
tinuously recorded at the receiving stations by means
of recording milliammeters of the Evershed and Vignoles
pattern. These recorders are of the pen-and-paper type.
The chart speed normally used was one inch per hour.

The centimeter-wave receivers were calibrated at in-
tervals by means of signal generators, and calibration
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Fig. 4—Peak-value curves, October

curves were prepared showing the relationship bhetween
the recorder reading (ma) and the input to the receiver
(db above 1 uv). The calibration of the receivers (in-
cluding mirror gain) was checked from time to time by
monitors of National Physical Laboratory design.?

The power radiated by the centimeter-wave senders
(of the order of 0.3 watt for the 9-cm band and 0.075
watt for the 3-cm band) was checked from time to
time by bolometer bridges (also of National Physical
Laboratory design).

The received-signal levels for the 9- and 3-cm-band
links cannot be compared directly, as the power and
mirror gains are different for the two wavelengths,
Correcting terms have been worked out so that, when
these are applied to the received-signal levels, the result-
ing values for both 9- and 3-cm band are those which
would have been obtained if the powers and mirror
gains had been such as to give the same free-space field

7J. A. Saxton and A. C. Grace, “A ficld strength meter and stand-
ard radiator for centimetre wavelengths,” Jour. IEE, Part IHIA,
vol. 93, pp. 1426-1430; 1946.

15, 1945, through October 21, 1945.

strength. A standard free-space field strength of 52 db
above 1 pv input to the receiver has been fixed for the
short links (South \Wales to North Wales), and the ap-
propriate “normalizing” corrections are applied to hoth
the 9- and 3-cm signal levels. On the same basis, the
standard free-space ficld strength for the long links (South
Wales to Scotland) works out to be 34 db above 1 puv.

The free-space ficld strengths for the meter-wave
links have not been worked out very accurately, and so
the numerical results for the meter wavelengths should
be treated with caution.

A direct analysis from an examination of the recorder
charts is difficult, chiefly due to the great lengths of
chart involved (60 feet per month), and so condensed
plots were prepared showing the peak values of signal
strength (“normalized” to 52 or 34 db above 1 uv). On
the same curves the depth and periodicity of fading is
indicated by vertical shading. Figs. 3 and 4 show ex-
amples of these condensed plots. Each group is de-
scribed by a letter and numbers denoting the link, fre-
quency, and opticality. The peak value, rather than the
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more usual mean value, of signal strength was used, as
it was considered that the physical phenomena deter-
mining the received field strength could be more readily
interpreted in this way, whereas they could be com-
pletely masked using mean values. For example, if the
factors involved were due to the arrival at the receiv-
ing antenna of two interfering rays of equal amplitude
and varying phase relation, the peak value of the re-
ceived field strength would be double that due to either
component ray alone. The depth of fading also would
bring the received field strength to zero. These two
results give some indication of the nature of the phe-
nomena involved. The mean value of field strength, on
the other hand, need have no correlation with the
physical conditions determining the received field. The
use of peak values also saves labor in computation.

The accuracy of the measurements is considered to
e better than +2 db on the 9-cm band for signal levels
greater than 4 db above 1 pv and on -the 3-cm band for
signal levels greater than 8 db above 1 uv, but is rather
worse than this for the meter wavelength.

B. Meteorological

The results of an extensive series of meteorological
soundings made along the Fishguard to Aberdaron path
are available for the period from September, 1945, to
June, 1946.

Aircraft were used, and both horizontal and vertical
flights were made. On about two days per week the fol-
lowing procedure was carried out:

Four planes flew in formation from Fishguard to
Aberdaron at heights of 50, 250, 500, and 1,000 feet,and
returned at heights of 100, 250, 750, and 1,500 feet, the
250-foot flight being used as a reference level. Usually,
the lowest plane would interrupt its horizontal flight in
order to make a vertical sounding at each of the three
positions indicated in Fig. 1 by means of latitude and
longitude figures.

Usually three of these schemes were carried out in one
day during the hours of daylight.

On about three days per week the following procedure
was carried out:

Vertical soundings of the atmosphere in the neighbor-
hood of the center of the path were carried out by a
single plane. Four observations per day werce made, in-
cluding one during the hours of darkness.

Readings of wet- and dry-bulb thermometers were
taken on the plane, thus giving the temperature and the
humidity. From these wet- and dry-bulb readings and
the pressure (obtained from synoptic charts), the excess
of modified refractive index M of the atmosphere can
e calculated® and graphs showing the variations of M
along the path may be drawn. Fig. 5 shows two examples

'M-(n+—h-—l)l()‘
a

where n =optical refractive index
h = height
a =radius of earth in same units as &

and the units of M are called “ M-units.”
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of the results obtained for two extreme cases, Fig. 5(@a)
being an example of a very turbulent atmosphere, and
Fig. 5(b) an example of a fairly well-stratified atmos-
phere. The majority of cases are more like Fig. 5(a)
than Fig. 5(b).

It can be seen that the analysis of such irregular re-
sults is difficult, and that any method based on calculat-
ing mean values of modified-index excess for the whole
path would be useless. After some trials it was found
that fairly regular and interesting results might be ob-
tained by dividing the whole path into three approxi-
mately equal portions, calculating the mean values of
modified-index excess for different levels of each portion,
and then taking these as representative of the given
portion.

Examples of such modified-index-excess curves are
shown in Figs.6(a), (b),and (c), and 7(a), (b), and (c), for
three portions of the Fishguard-Aberdaron link labeled
“first 18 miles,” “second 18 miles” and “last 20 miles,”
the distance being measured from Fishguard. (The hori-
sontal lines on the curves show the spread of the values
measured for each portion.) It can be seen how these
curves vary along the path. The curves in Fig. 6 are
of particular interest, showing the gradual disappear-
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248 PROCEEDINGS OF TIIE LR.E. March
a™SEPT. Bas 4™ SEPT 1945 4™ SEPT, 1945
M4-228G M1 1141228 GAT 11141228 G MT.
y e MILES.
FIRST 1BMILES. SECOND 18 MILES. | LAST 20
1000 1000 000 7
900 / 900 900
S sooll ool Y
8 00 \‘: t: 1£ : f
T 700}
700{‘: 7 700} t)
¥ / = ool
600
() °° (b) ] (©) /
5 4
S00 500 / [o%) .
400 / 400 /, 40 Z
300 »L 300 7 300 =
200 A 200 7 200 ]
/ 00 4 1 +— 100 — S
100 ! \ i
¥ I =L . ; | ;
o= 360 3 aonvrts 340 360 380 UNTS. 340 360 380UNITS
Fig. 6—Af curves for the Fishguard—Aberdaron path.
16™ OCT. 1945 16™0CT 1945 vé"‘qa.ms
TIME 1507 -1628 G M. TIME 1507 -1628 G M1
TIME.IS07 -1628 G M. LAST 20 miLEs
FIRST 18 MILES SECOND I8 MILES
1000 1000
900 900 900
- = G
soofi 800} 800w
z [ 3 700}E !
70040 700}% Il 3
¢ / g :
600
600 do00
@) / (b) (c) \
500 5 50
400 / 400 / 400 //
300 / 30 7/ 3 7
200 f 2 / 2
100 ,\ 100, 100
A
o M o M o M
340 360 380 340 360 380 340 J6OUNITS.
UNITS UNITS

Fig. 7—Divided i

ance of an atmospheric duct (see Section 1V(2)) when
approaching Aberdaron.

IV. THEORETICAL DATA

In order to analyze the experimental data and to com-
pare them with existing theorices on propagation, theo-
retical curves have been prepared in the following way:

(1) The most comprehensive set of formulas and
curves for calculating the field strength in the interfer-
ence and diffraction zones for normal propagation? has
given given by Domb and Pryce.!0 Using their data,
curves have been prepared giving the signal level in

% In this paper the term “normal
tion through an atmosphere with a
index gradient. The “standard”
per hundred feet.

1 C., Domb, and M. H. L. Pryce,
strengths over a spherical earth,” Jour. I
325-336; September, 1947,

propagation” refers to propaga-
ny constant positive refractive-
value of this gradient is 3.6 M-units

“The calculation of field
EE, Part 111, vol. 94,op.

n three portions.

db above 1 uv input to the receiver as a function of the
gradient of modified-index excess. These curves are
valid for normal propagation within the optical range
(interference zone) and in the nonoptical range (diffrac-
tion zone). Perfect stratification and a constant positive
modificd-index gradient have been assumed. Figs. 8(a),
8(b), and 8(c) represent such curves calculated for all
links and frequencies investigated in the paper. The dot-
circle points on the curves indicate the “cutoff” or the
limit of radio visibility, and the arrows marked “stand-
ard” indicate the gradient of the standard atmosphere
(3.6 M-units per 100 fect).
(2) According to modern
propagation, particularly be
the ranges obtained are very
of water vapor and tempera
the atmosphe
tribution w

ideas about microwave
yond the optical horizon,
sensitive to the distribution
ture in the lower regions of
re. Superrefraction occurs when the dis-
ith height is such that the gradient of modi-
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fied refractive index is negative over a range in values of
height. For such conditions, a part of the energy in the
radio waves is trapped, and so guided along the layer
having this negative gradient. Such layers are called
atmospheric ducts; they act very much like waveguides
and show the same characteristic, in that the maxi-
mum wavelength which is trapped increases with in-
crease in width (i.c., height) of the duct.

Several types of atmospheric profiles connected with
radio refraction in the troposphere can be encountered
in practice. It was found that most of these profiles can
be described analytically by means of a formula con-
taining Gamma functions but, unfortunately, this
formula contains too many variable parameters to be of
practical use. Several attempts were made to use simpler
forms for describing the distribution of the refractive
index in the troposphere (such as bilinear, power, or ex-
ponential distribution), but the use of most of them for
numerical computation is difficult.

A comprehensive set of curves for calculating the field
strength has been computed by Hartree and others!!
using the power distribution of refractive index of the

dl~mhm>
m

. form

pt=1-— 21\'”(11 = (1)

where
#=N/No
N=n+h/a
No= (N)h 0

1 P, R. Hartree, J. G. L. Michel, and Phyllis Nicolson, “Practical
methods for the solution of the equations of tropospheric refraction,”
from, “Meteorological factors in radio-wave propagation,” pp. 127-
168. (Report of a Conference held April 8, 1946, at the Royal Insti-

tution, London, by the Physical Society and the Royal Meteorologi-
cal Society.)
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K .=the curvature, at a great height, of a “modified”
ray (assuming a flat earth) in radians per feet
N =the modified refractive index
h=the height in feet
d =the duct height in feet
a = the radius of the earth in feet
n = the optical refractive index.

As regards m, it is a common meteorological assump-
tion!? that the variation of wind speed with height may
be represented over a certain range by the following
formula:

9 =Ak™ for 0 <m <1

where
v =the wind speed

A =a constant

m = the parameter in this formula, sometimes known

as the profile index.

Equation (1) corresponds to a so-called ground-based
duct, of which typical examples for various duct heights
and values of m are shown in Fig. 9. (Fig. 7 shows an
experimental M curve with a rather infrequently occur-
ring “elevated” duct.)

It will be scen later that, although this type of dis-
tribution corresponds to only one particular type of at-
mospheric duct, the numerical results obtained agree
fairly well with the experimental data.

The curves (Figs. 10(a), (b), etc.) have been plotted
for all the nonoptical links, in some cases for various
different values of K, and m. Usually, only the first
mode (labeled j= 1) could be calculated with appreciable
accuracy. The second mode has been calculated com-
pletely in some cases, but only the positions of the

2 ), Brunt, “Physical and Dynamical Meteorology,” Cambridge
University Press, Second Edition, p. 251, 1939.
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maxima for the others. From Fig 10 it can be seen that,
for the highly nonoptical links (B-D or A-E), the
graphs of field strength against duct height for the first o w=1) = — K [lz _ d "'/’"'] (3)
and second modes do not overlap appreciably, and thus b '

the field strength for a given duct height can be obtained .

fairly accurately by using only the graphs of the first 1Tom (2) and (3), we get

mode. For some links, however, the graphs for the two dl-mpm

modes do overlap, and the field strength at certain duct M =AM, - K, ,:/’ - —] 10e, (4)
heights can be obtained only by adding the separate field "

strengths for the first two modes, taking into account the
phase relationship between them. Unfortunately, it is

But, since u 412, -

m

The more convenient form of (4) is

not possible to calculate the phase fiom the existing M — M, s e AT et -
. ——— 4+ K108 = K108/ 1, (3a)
curves and tables and, therefore, in such cases only ap- h m
proximate results can be obtained. .
It can also be scen from the curves that, for the B-D Equation (5a) can be written in the form

links, the results obtained for different values of m dif-

fer only slightly, and that for cther links the influence of log ¥ = log A + b log & (5b)
m is considerable. As it is not possible to take into ac-  where
count all possible values of m, usually only one set of M o— 2
curves for a particular value of m is taken as representa- o= — l:.‘__..o + le()s]
tive of the theory. This again results in a certain loss of ' h
accuracy. b=m—1

Equation (1) can be modified in the following way: Jiom
As A= — K108,

m ~N

h
M= (n+—~ — 1)-106
a

Assuming that the value of K, is known, it is pos-
sible from the meteorological soundings to compute y. ~
and When the values of v are plotted on logarithmic paper

3 against k, it is possible to draw the straight line which
N=n+—, agrees best with the experimental data. (See Fig. 11.) |
a From this line it is relatively casy to find the theo- |
we gt retical curve corrcspf)nding to (4) which best fits the
results of meteorological soundings, or, in other words,
N = M-10"% + 1; to determine both the duct height d and the parameter
m much more accurately than by using the original

and if curves, such as those given in Fig. 9.
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(a)

(b)

SIGNAL LEVEL.

SIGNAL  LEVEL

Fig. 10—~Relationship between signal level a
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