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AIRCRAFT-ANTENNA PATTERN MEASURING SYSTEM 

D rectional antenna of special design (on right) is pointed at aircraft under test by 
modified SCR-584 automatic tracking radar (antenna at left). Antenna provides dis-
crimination against ground-reflected wave, and provides separate outputs for vertically 
a•d horizontally polarized field components, making possible &red plotting of aircraft 
antenna patterns. 
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Comme  ponents 

The past decade has shown tremendous strides in the 
adaptation of electronics to the industrial field. The new UTC 

Commercial Grade Series of transformers was developed to meet 
the requirement of this field as well as that of the 
discriminating amateur and public address man. 

CC units are conservatively designed with low temperature 
rise and good insulation factors to assure dependability in 

continuous service- All coil structures are vacuum 
impregnated, and cases are poured with special sealing 

compounds to assure stability under adv,rse climatic conditions. 

The mechanical construction is rugged. Audio units and power 
units up to 300 V.A. are housed in heavy drawn steel cases with 

rugged lugs on moisture-proof bakelite, arranged for chassis mounting. 
Large power and audio components employ cast aluminum shells for 

minimum weight, and support the lamination in vertical position to occupy 
minimum chassis space. CC units are finished in light grey enamel and result in 

unusual professional appearance on equipment in which they are used 

The CC line includes audio components for all applications ranging from low level... 
humbucking ... multiple alloy shielded input transformers to 600 watt Varimatch 

modulation transformers. Power and filament components range up to those 
required for a 3,000 volt 1 Amp. plate supply. 

For full details on this new line, write for catalogue PS-408. 

150 VARICK STREET  •  NE W YORK  13,  N. Y. 

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



1948 I.R.E. NATIONAL CONVENTION 
and Radio Engineering Show 

March 22 to 25, 1948 

Hotel Commodore 
42nd Street and Lexington Avenue 

• and •  Grand Central Palace 
46th Street and Lexington Avenue 

NEW YORK CITY 

More than 12,000 members and visitors attended sessions and exhibits at the National 
Convention of The Institute of Radio Engineers in March 1947. Once again, this year 
the favorable facilities of The Hotel Commodore and Grand Central Palace have been 
obtained. Plan now for these four days devoted to interesting and instructive tech-

nical papers —plus entertainment and The Radio Engineering Show. Free to I.R.E. 
members. Four day registration is $3.00 to non-members. 

TECHNICAL PAPERS 
128 papers to be presented during the four days, 
covering twenty-one major topics, in twenty-
eight well organized sessions, will reveal the 
up-to-the-minute pattern of "Radio-Electronic 
Frontiers" which is the interesting theme of 
this convention. Topical outline by days will 
be: 

• Monday: Frequency Modulation, Systems I, 
Navigation Aids, Antennas I. • Tuesday: Sys-

tems II, Amplifiers, Passive Circuits, Tube Design and Engi-
neering, Antennas II, Superregeneration, Transmission, Nu-
clear Studies, Industrial Applications and Electronic Circuits, 
Components and Supersonics. Tuesday Evening: Special Sym-
posium on Nuclear Studies. • Wednesday: Symposium: "Ad-
vances Significant to Electronics"; Television, Tube Manu-
facture, Measurements I (V.H.F., U.H.F., and S.H.F.). • Thurs-
day: Computors I (Systems) Broadcasting and Recording, 
Propagation, New Forms of 
Tubes, Measurements II, Corn-
putors II (Components) Micro-
waves, Receivers, Active Cir-
cuits. 

BANQUET 
The annual ban-
quet, on Wed-
nesday, March 
24, is the social 
highlight of the 
I.R.E.year. 1600 
feasters will 
hear a nation-
ally prominent 
speaker, see two 
major  awards 
made, be enter-
tained royally. 

WOMAN'S PROGRAM 

Four full days of fun! 
Including  "Sightseeing," 
The  popular  "Tea  at 
I.R.E." Wednesday, a mat-
inee, choice of "Antony 
and Cleopatra" or "High 
Button Shoes" and other 
exciting events, all planned 
for ladies! 

EXHIBITS 

165 Exhibitors will present all that is 
new in radio and electronic equipment, 
instruments, components and parts, in 
interesting exhibits on the first three 
floors of Grand Central Palace, in our 
greatest "Radio Engineering Show." 
(About half of the Technical Ses-
sions will be held in improved halls 
on the Third Floor.) These exhibits 
are an engineering "must see" and 
will occupy a third more space than 
at our last Show. 

PRESIDENT'S LUNCHEON 

The 1948 Presi-
dent  will  be 
honored  on 
Tuesday, March 
23, at a "getto-
gether"  which 
has come to be a 
feature of these 
annual meet-
ings. 

Watch for detailed program in the 
March issue 
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DOHERTY CIRCUIT 

CONDITION I: Nearly zero modula-
tion, so amplifier has to handle car-
rier wave alone.Tube A is sufficient 
and—seeing just the right impedance 
in network—operates at maximum 
efficiency. Tube B, not needed, lies 
idle. 

CONDITION 2: Carrier being mod-
ulated.Tube B, now needed, kicks in, 
adding its quota of power to handle 
the increased load and changing the 
impedance so that Tube A also steps 
up its output. Both tubes work to full 
capacity and at high efficiency. 

the Doherty Circuit 

pays off for Broadcasters 

The Doherty Circuit for AM broad. 
cast transmitters was the first to 
achieve high efficiency and economy 
and still retain the following impor-
tant advantages of linear and grid 
bias modulated power amplifiers: 

(1) A simple tube complement — 
no high-power audio tubes required 

(2) No modulation transformer re-
quired—savings in space and ap-
paratus 

(3) Freedom from transient or over-
modulation surges—can be heavily 
overmodulated at any audio fre-
quency for long periods without 
damage 

(4) Adaptability to large amounts 
of feedback derived from the final 
output envelope, resulting in low 
noise, low harmonic distortion, and 
low intermodulation distortion over 
wide variations in tube character-
istics and circuit adjustment 

(5) Negligible carrier shift, assuring 
full utilization of the assigned car-
rier power of the station 

Gearing tubes to circuits 
How a tube acts in a circuit depends, 
of course, upon the impedances which 

face it in the circuit. So getting the 
most out of tubes is a matter of get-
ting the right impedances. 

Like pre-Doherty linear ampli-
fiers, the Doherty High Efficiency 
Amplifier Circuit has two tubes. Un-
like them, it has a network which 
automatically changes impedances 
to best meet changing needs. Both 
tubes receive the signal, but—when 
the carrier alone is on—only one 
tube is operative. The second tube 
uses no power. Not until modula-
tion is applied, raising the input 
voltages on both tubes, does the 
second tube start up. It then does 
two things: it contributes more 
power to meet the added load, and 
it automatically changes the impe-
dance faced by the first tube so as to 
throttle it up to full output, too. 

For the Broadcaster, this means 
that the Doherty Circuit consumes 
only half the power required by old 
style linear amplifiers—a real tri-
umph in circuit engineering. 

It is just one of many Bell Tele-
phone Laboratories developments 
which have contributed to improved 
efficiency, greater economy and 
higher quality in communications. 

BELL TELEPHONE LABORATORIES 
World's largest organization devoted exclusively to research 

and development in all phases of electrical communications. 
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The 5 KW AM transmitter, 
like the 1KW and 50 KW, has 
the famous Doherty Circuit. 
Eleven years of experience 
proves this High Efficiency am-
plifier operates continuously 
for long periods with no need 
for retuning. 

ONLY W arern Electric 
AM broadcast transmitters 

have the Doherty Circuit 

1KW. • . 510N. • . 5010N 

Today the Doherty Circuit is being 
used by hundreds of broadcast sta-
tions—making possible the use of 
smaller circuit elements, saving 
space, giving increased stability and 
greater ease of adjustment, and re-
ducing the outlay for auxiliary 
equipment. 

Other features 

In Western Electric 1, 5 and 50 
KW AM transmitters, you also get 
two other famous Bell Laboratories 
developments—stabilized feedback 
and grid bias modulation. These, to-

gether with the Doherty Circuit, are 
your assurance of superlative per-
formance at rock-bottom operating 
cost! 

Get full details 
If you're thinking about a new AM 
transmitter, remember this: only 
Western Electric has the Doherty 
High Efficiency Circuit —unmatched 
today in performance, dependabil-
ity, and economy! For full details, 
call your local Gray-bar Broadcast 
Representative or write Graybar 
Electric Co., 420 Lexington Ave., 
New York 17. N. Y. 

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

The 1 KW AM transmit,er, with the 
Doherty Circuit, is extremely com-
pact—requires floor space only 44" 
wide by 42" deep. 

INSTRIIWTORSI INTI M U.S. A.—Graybar Electric 
Company. IN CANADA AND NEWFOUNDLAND 
—Northern Electric Company. Ltd. 

-QUALITY COUNTS-
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How up-to-the-minute engineering 

at Sonora Radio 

uses Centralab Couplate to improve 

manufacturing efficiency, 

and reduce servicing. 

Sonora engineers take advantage of Couplate's long 
life, high efficiency, mechanical strength and resistance 
to humidity.  Result:  more dependable performance, 
simplified production for Sonora Radios. 

ACTUAL 

SIZE 

Integral Ceramic Construction: Each Coup/ate is 
an integral assembly of Hi-Kap capacitors and re-
sistors closely bonded to a steatite ceramic plate 
and mutually connected by means of metallic 
silver paths "printed" on the base plate. Note 
schematic diagram below. 

&rid 
"Resistor 

+ (3) 
Plate Suppiy 

Chaisis courtesy of Sonora Radio and Tele: won Corporation 

*Centralab's revolutionary Printed Electronic 
Circuit  Industry's newest method 

for stepping-up manufacturing efficiency! 
-N T ES, and Sonora is just one of the many famous radio manufacturers 
1 who are designing Centralab's revolutionary printed interstage 
coupling plate into their 1948 sets. 
The reason? One look at Coup/ate's design and manufacturing ad-

vantages gives you the answer. 1) Coup/ate requires only four sol-
dered connections instead of eight, simplifies wiring and production. 
2) Couplate saves space and mass weight, makes possible more com-
pact and dependable finished equipment at lower cost. 3) Coup/ate im-
proves set performance by lengthening life, gives you a complete "printed" 
interstage coupling circuit engineered and manufactured by Centralab. 
First commercial application of the "printed electronic circuit", 

Centralab's Coup/ate is a complete interstage coupling circuit which 
combines into one compact unit the plate load resistor, the grid resistor, 
the plate by-pass capacitor and the coupling capacitor. For all the facts 
on how Coup/ate can simplify your production problems and cut your 
costs, see Centralab's local representative, or write for Bulletin 943. 

Division of GLOBE-UNION INC., Milwaukee 
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For Truly Fine 

Recording and Reproduction 

RESHARPENING SERVICE 

Established years ago, our resharpening 
service gives real economy in the use of 
Audiopoints #14, #202, #34, #113, 
#103 and #303. 

Professional Recordists Use— 
Prof essional Recordists Recommend 

•  • 

THE NE WLY EXPANDED LINE of Audiopoints now covers the full 
range of recording and playback needs. There are Audiopoints 
that fully meet the requirements of the most exacting professional 
recordists. There are also Audiopoints which these engineers 
unhesitatingly recommend to the non-professional and the gen-
eral public. 

RECORDING AUDIOPOINTS 

Sapphire #14. Long recognized by recording engineers as the best 
recording stylus obtainable. Manufactured to rigid specifications. Disc-
tested on a recording machine just before packaging. List price $7.25. 

Sapphire #202. A fine quality brass shank stylus, ideally suited for 
those recordists not requiring the super quality of Sapphire Audiopoint 
#14.  List price $5.25. 

Stellite #34. Favorite with many professional and non-professional 
recordists. Though moderately priced, it is the very best stellite stylus 
produced.  List price $1.75. 

Diamond-Lapped Steel #50. Most practical stylus for home recordists 
when "first cost" is important. Being diamond-lapped, it cuts a quiet, 
shiny groove.  List price 3 for $1.00. 

PLAYBACK AUDIOPOINTS 

Sapphire #113. Materials, workmanship and design make this play-
back point the finest made for original recordings and vinyl transcrip-
tions. For years the outstanding choice of professional recordists. 

List price $6.50. 

"Red Circle" Sapphire #103. With straight dural shank and fine pol-
ished jewel point. Excellent for original recordings, vinyl pressings and 
phonograph records.  List price $2.00. 

"Red Circle" Sapphire #303. Bent dural shank sapphire needle that 
is tops for phonograph records. For the first time a phonograph needle 
with a resharpeni»g feature.  List price $2.00. 

Steel Transcription Needle #151. The ideal all-purpose transcription 
needle for original recordings, vinyl pressings and phonograph records. 
Quality performance is assured since each point undergoes a shadow-
graph test.  List price 20 for 25re 

Write for new dealer discounts and our folder "Audiopoints." 
* Reg. U. S. Pat. OR. 

Audiopoints are a product of the manufacturers of Audiodiscs. 

LAUDIO DEVICES, INC., 444 Madison Ave., New York 22, N. Y. 
PROCEEDINGS OF THE I.R.E.  Februar), 1948 5. 



ARNOLD 
Specialists and 

Leaders in the 

Design, 

Engineering 

and 

Manufacture 

ERMANENT 

MAGNETS 

Arnold's business is permanent magnets, exclusively — 

a field to which we have contributed much of the 

pioneering and development, and in which we have 

set peak standards for quality and uniformity of 

product. 

Our service to users of permanent magnets starts at 

the design level and carries on to finish-ground and 

tested units, ready for your installation. It embraces 

all Alnico grades and other types of permanent magnet 

materials—any size or shape—and any magnetic or 

mechanical requirement, no matter how exacting. 

Let us show you the latest developments in perman-

ent magnets, and how Arnold products can step up 

efficiency and reduce costs in your magnet applica-

tions. Call for an Arnold engineer, or check with any 

Allegheny Ludlum representative. 

THE ARNOLD ENGINEERING CO. 

Subsidiary of 

ALLEGHENY LUDLUM STEEL CORPORATION 

147 East Ontario Street, Chicago 11, Illinois 

Specialists and Leaders in the Design, 

Engineering and Manufacture of PERMANENT MAGNETS 

W • 0 1100 
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HMOTIE plate chokes 

"1111 0/10CISICY-111, 01.4.1)" 
for easy selection and top performance 

• Now, for the first time, you can select a plate 
choke for a particular frequency and know that it will 
give excellent performance at this frequency. The 
Ohmite line of plate chokes are "frequency-rated"— 
their frequency characteristics have been accurately 
predetermined. The chart below gives the operating 
frequency range for each of the seven sizes. 
Ohmite single-layer wound, r.f. plate chokes cover 

the entire frequency range of 3 to 520 megacycles. 
These chokes are wound on low power factor plastic 
or steatite cores, and are insulated and protected by 
a moistureproof coating. All chokes are rated 1000 ma 
except the Z-14 and Z-28, which are rated at 600 ma. 
Further information will be supplied upon request. 

RECOMMENDED OPERATING FREQUENCY RANGES OF OHMITE R. F. PLATE CHOKES 
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COMPANY 

4860 Flournoy St., 

Chicago 44, III. 
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THE CLI NIC 

that afeetJ Reato&t3e 
For every evil  For radio noise, the remedy is Filterizing by Tobe ... a complete service 
under the sun. 

There is a remedy  that enables you to guarantee that your electrical products will not 
or there is none. 

Old Eng. Prov,  interfere with radio reception. Filterizing by Tobe covers these three 

important aspects of every radio noise problem: 

R.F. Circuit Design — Engineers with many years experience, thoroly versed in measurement 

techniques, and using the latest instruments, determine the radio noise output and r-f character-

istics of your product and specify the correct circuit elements to stop radio interference over the 

desired frequency range. 

Electrical Design — The filterizing circuit is checked for effect upon performance of the apparatus being 

Filterized and all components are selected so that normal performance is obtained after Filterizing; 

voltage drop, temperature rise, phase relationships — all are held within required limits. 

Mechanical Design — The arrangement of circuit elements is co-ordinated with existing space limitations 

so that radio noise is quelled without need for extensive re-design of the apparatus. 

These three design factors, embodied in every Tobe Filterette, are based on exact, scientific knowledge 

and, when applied by Tobe engineers, enable you to guarantee radio silence for your electrical apparatus. 

This guarantee, shown by the FILTERIZED label, helps build sales for your product. Ask us for details. 

TOBE DEUTSCHMANN CORPORATION • NORWOOD, MASSACHUSETTS 

8A PROCEEDINGS OF THE IRE.  February, 1948 



EHItem aao/4 

- 

The old saying about mighty oaks and little  

sums up the story of El-Menco Capacitors and their record 

radio and electronic industry. Constantly chosen as components for 

the world's finest electrical equipment . . . El-Menco Capaciters 

contribute immeasurably to product performance. 

Put the dependability into your product that will establish it ai 

leader in its field . . . put El-Menco Capacitors to work for you' 

for samples and complete specifications. Foreign Radio r 
Acturers communicate direct with our Export Depart-

at Willimantic, Conn., for inform 

110.Stk. t 

Write on fir m letterhead for 

catalog and sa mples. 

M OLDED MICA 

ORDERS AND DISTRIB 

A R C O  EL E C T R O-ii rCS 
135 Liberty St.  New York, N.Y. 

is Sole Agent for EI-Menco Products in United States and Canada. 

Car MANUFACTURERS 

MICA  TRI M MER 

Our silver mica de-

partment is now pro-

ducing silvered mica 

films for all electronic 

applications. Send us 

your specifications. 

CAPACIT O RS 
PROCEEDINGS OF THE I.R.E.  Iebruary, 194, 



PROGRESS REPORT 
Here are the ii new -bp- instruments — developed, an-
nounced, and put into production since the war's end. 
Each fills a definite need. Each is the product of painstak-
ing research and advanced manufacturing methods. Each 
helps make simpler, easier, the measurement problems of 

Brief spec ations appear here.  For  complete  details  
the  electronics industry.  

on these and other -hp- laboratory instruments, write or 

HE WLETT-PACKARD CO MPANY 
wire today ! 

1513C Page Mill Road • Palo Alto, California 

VACUUM TUBE VOLTMETER 
This -bp- voltmeter employs a special -bp- di-
ode probe which places a low capacity of ap-
proximately 1.3 uuf across circuit under test. 
Combination of this low capacity and high 
input resistance results in great measuring ac-
curacy without detuning or danger of loading 
circuit. Frequency response is -± 1 db through-
out the instrument's range. Six voltage ranges 
provide full-scale sensitivities from 1 to 300 
volts. Besides covering frequencies from 20 cps 
to 700 mc as an a-c voltmeter, this -hp- 410A 
is a d-c voltmeter with 100 megohms input im-
pedance. It is also a precision ohmmeter for 
resistances, 0.2 ohms to 500 megohms. 

1 

201B AUDIO OSCILLATOR 
Meets every requirement for 
speed, accuracy, wave - form 
purity, ease of operation in 
FM and other fields where 
high fidelity is most impor-
tant. Provides 3 watts output 
into 600 ohm resistive load. 
Distortion held to 1% or less 
at 3 watts, 1/2% at 1 watt out-
put. Excels in testing high fidelity amplifiers, speakers, and 
in comparing frequencies.Output controlled by volume con-
trol ahead of amplifier, or attenuator controlling amplifier 
output. Attenuation approximately linear from 0 db to 40 db. 

330B DIST ORTI O N ANALYZER 
-hp..5 newest and   
measuring instrument. Unusually 
valuable for the measurement 
throughout the audio spectrum 
in broadcast, laboratory or pro-
duction problems. Measures av-
erage value of "total" distortion 
at any frequency from 20 cps to 
20,000 cps. Accurately makes 
noise measurements as small as 
100 microvolts. Linear r-f detector makes possible measurement 
direct from modulated r-f carrier. As voltmeter, measures voltage 
level, power output, amplifier gain; or serves as high-gain wide-
band stabilized amplifier with maximum gain of 75 db. 

THESE -hp- REPRESENTATIVES ARE AT YOUR SERVICE 
CHICAGO 6, ILL.: Alfred Crossley, 549 W. Randolph St., State 7444 • HOLLYWOOD 46, CALIF.: Norman B. Neely Enterprises, 7422 Melrose Ave., Whitney 1147 

HIGH POINT, N. C.: Bivins & Caldwell, 134 W. Commerce St., High Point 3672 • NfW YORK 7, N. Y.: Burlingame Associates Ltd., 11 Park Place, Worth 2-2171 

DENVER 10, COLO.: Ronald G. Bowen, 1886 S. Humboldt St., Spruce 9368 • TORONTO 1, CANADA: Atlas Radio Corp. Ltd., 560 King St. West, Waverley 4761 

DALLAS 5, TEXAS: Earl W. Lipscomb, 4433 Stanford Street, Logan 6.5097 



450A WIDE BAND AMPLIFIER 710A PO WER SUPPLY 

Here is a new, wide-band instrument 
for laboratory or production use. 
Provides exceptional stability at 40 
or 20 db gain. Gives freedom from 
spurious responses. Low phase shift 
assured by straightforward, resist-
ance-coupled amplifier design, to-
gether with inverse feedback. Fre-
quency response flat within 1/2 db 
between 10 and 1,000,000 cps. Vary-
ing tube voltages or aging tubes 

have no appreciable effect on gain or other characteristics. When 
used with -bp- 400A Vacuum Tube Voltmeter, increases voltmeter's 
sensitivity to 100 times. Increases bridge and recorder sensitivity. 

610A UHF SIGNAL GENERATOR 
This new -bp- generator is an extremely 
stable general-use laboratory standard for 
measurements between 500 and 1350 me. 
Throughout those frequencies it gives ac-
curately known voltages ranging from 0.1 
microvolt to 0.1 volt. R-f output may be 
continuous, amplitude modulated, pulsed 
or square-wave modulated. Pulse length 
can be controlled between 2 and 50 micro-
seconds. Pulse rate is variable 60 to 3000 
times per second. Instrument is particularly 
valuable for determining gain or align-
ment, antenna data, standing wave ratios, 
signal-to-noise ratios or circuit "Q." 

650A WIDE BAND OSCILLATOR 

Ilk
'  —  Continuous frequency coverage 10 cps to 10 mc, is provided in this sta-

ble, new -hp- oscillator. Output is 
flat within 1 db. Voltages available 
range from .00003 to 3 volts. 94" 
scale-length, 6 to 1 micro-controlled 
tuning drive, 50 db output attenua-
tor variable in 10 db steps. Output 

voltage divider provides 6 ohm internal impedance. -hp- 650A is 
specially designed for testing television amplifiers, wide-band 
systems, tuned circuits, receiver alignments, and checking filter 
transmission characteristics. And, this precision-built -hp- oscilla-
tor serves admirably as a power source for bridge measurements 
or as a signal generator modulator. 

-hp- 335B FM MONITOR  , 
This new -hp- 335B is the finest FM 
monitor ever developed. Requires 
no attention during operation. Pro-
vides continuous measurement of 
carrier frequency and modulation 
swing. Approved by F.C.C. for FM 
broadcast service. Frequency range 
88 to 108 mc. Audio output has less 
than 0.25% residual distortion. Au-

dio output supplied with 75 microsecond de-emphasis circuit, flat 
within 1/2  db of standard curve, 20 cps to 20 kc. Residual noise and 
hum in audio output at least 75 db below 100% modulation. Mod-
ulation may be monitored at control console or other remote point. 

a 
F O R 

Light, compact, inexpensive, this -hp-
power supply is an excellent all-
around source of d-c power. It re-
places batteries for temporary setups, 
or serves as permanent installation. 
Output varies approximately 1% 
with changes in load current to 75 
ma or normal line variations. Noise 
and hum level exceptionally low. 
Output unusually stable over long 
periods of time. Instrument also con-
tains auxiliary center-tapped 6.3 volt source providing 5 amperes 
a-c. Output is continuously variable, 180 to 360 volts, and is prac-
tically independent of either line voltage or applied load. 

r° 202B LO W FREQUENCY OSCILLATOR 
This newest -hp- oscillator gives 
maximum speed and accuracy for 
tests between 1/2  and 1000 cps. Par-
ticularly designed to test perform-
ance of electro-cardiograph and 
electro- encephalograph equipment, 
check vibration or stability of me-
chanical systems, simulate mechan-
ical phenomena, check geophysical equipment. Throughout fre-
quency range provides excellent wave form. Frequency stability 
within 5%, including initial warm-up drift. Output is 10 volts 
maximum into 1000 ohm resistive load. Four frequency ranges. 
Cps read direct on large illuminated dial. Tuning is controllec by 
direct or 6 to 1 micro-drive vernier. 

616A UHF SIGNAL GENERATOR 
Here for the first time is a precision 
instrument making possible fast, di-
rect output and frequency readings 
between 1800 to 4000 mc, plus 
simplified controls and a choice of 
c-w, pulsed, delayed or limited f-m 
output. No calibration charts are 
necessary. R-f output ranging from 
0.2 volt to 0.1 microvolt is available. 
Output continuous, pulsed or fre-
quency modulated at power-supply 
frequency. Wide selection of pulse rates, internal and external 
synchronization. Stability approximately 0.005% per degree centi-
grade change of ambient temperature. 

AUDIO SIGNAL GENERATOR -hp- 206A 

Here is a source of continuously sat-
iable audio frequency having total 
distortion of less than 0.1%. High 
stability, frequency response flat 
within 0.2 db beyond output meter. 
Output impedances are 50, 150 and 
600 ohms. Instrument provides con-
tinuously variable frequency range 
20 cps to 20 kc, tunable throughout 
3 bands with a 47" micro-controlled dial. Precision attenur:ors 
vary output signal level in 0.1 db steps over 111 db range. Both 
-bp- 206A generator and -bp- 335B Frequency Modulation Monitor 
can be supplied in special colors to match transmitter installations. 

orgtpDry lAqqtfupiencts 



SEALED LIKE A VACUU M TUBE 
100 %  GU AR A NTEED! 

In Step with Electronic Progress . . . 

Modern Hermetically Sealed Instruments 

MILLIAMPERES 
••  1  " ...to., 

Progressive  manufacturers  of  electronic 
equipment declare an hermetic seal is as impor-
tant in a meter as it is in any other product 
component. That's because meters are just as 
susceptible to the harmful effects of dust, mois-
ture, corrosive fumes and other destructive fac-
tors as resistors, capacitors or transformers. 

LOOK AT 

Therefore, hermetically sealed meters are a 
"must" in achieving top product performance. 

MARION HERMETICS ARE NOT PREMIUM PRICED 
Marion glass-to-metal hermetically sealed meters offer you 
the accuracy, superiority and extended life of an hermeti-
cally sealed component at a price no higher than most 
competitive unsealed instruments. All Marion hermetically 
sealed instruments are 100 % GUARANTEED. 

THE FEATURES OF MARION "HER METICS" 

DUR ABLE 

SHIELDE D 

INTER-
CH ANGE ABLE 

M ARI ON 
"4 for 1" FEATURE 

THE NAME "MARION" MEANS 

THE "MOST" IN METERS 

. . . Unaffected by extremes of heat or cold . . . permanently 

protected against dust, dirt, moisture . . . instrument malfunc-

tioning minimized. 

. . . Heavy steel case gives magnetic and electrostatic shielding 
so important in modern high frequency equipment. 

. . . The Marion case, with its high conductivity plating, elimi-

nates the need for separate shielding and permits ir.terchange-

ability on any type panel without affecting calibration. 

Interchangeable Round and Square Colored Flanges . . . One 

instrument can thus fill four different needs: 

1. Round  3. Rectangular 

2. Round for Steel Panel  4. Rectangular for Steel Panel 

WRITE FOR FURTHER INFORMATION. 

MARION ELECTRICAL 
INSTRU ME NT  CO MPA NY 

Manchester,  Ne w  Ha mpshire 
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RF HEATING TUBES DESIGNED 
and PROCESSED ESPECIALLY NOW. • FOR RF HEATING PURPOSES 

To Machlett Laboratories the tube needs of the RI; heating industry have 

been a challenege — no less than they have been a source of deep concern 

to the industry itself. The electronic heating industry has now grown to 

such importance as to require— and merit—the best the electron tube 

industry can produce ... and here the "best" must mean tubes designed 

and processed especially for its needs, not "hand-me-downs," no matter 

how high in quality, from communications or other fields. 

For this reason ... 

M ACHLETT LABORATORIES 

(rite A tivikej a h eminnotmce 
their initial step in a planned program 

to provide the RF heating industry 

for the first time 

with a line of tubes designed, processed, 

and serviced exclusively 

for its use 

Machlett Laboratories' announcement sev-
eral months ago of RF Heating Tube Types 
ML-5604 and ML-5619 constituted the 
first tangible recognition by the tube indus-
try of the special requirements of the 
electronic heating field. These tubes, fea-
turing above all else an unquestioned abili-
ty to handle—without penalty to life or per-
formance—the most severe load mis-match-
ing and the unusual physical conditions 
inherent in industrial service, marked the 
beginning of a new concept of service to this 
growing industry. Unmatched in mechani-
cal ruggedness, they embody materially 
heavier sections, sturdier grid, cathode 
and terminal construction, and principles 
of tube design and processing which assure 
better performance and longer life. 
These same principles are now embodied 

in five new tubes—ML-5658, ML-5666, 
ML-5667, ML-5668 and ML-5669. Thus 
there is now available—for the first time— 
for both initial installation and for replace-
ment, for all induction and dielectric heat-
ing purposes from 5 to 50 KW, a selection 
of tubes, each of which is custom-made for 
the job it has to do. 

Machlett RF Heating Tubes will be sup-
plied — where desired — with scientifically-
designed terminal connectors affixed to the 
tubes at the factory. Flexible leads will be 
permanently attached in lengths to meet 
equipment manufacturers' requirements. 

To the RF Heating Equipment manufac-
turer these Machlett electron tubes and acces-
sories will provide the first real freedom 
from "tube worries" and assure user satis-
faction. They will contribute to demon-
strating the effectiveness and economy of 

electronic heating. Priced only slightly 
higher than the standard communication 
tubes generally sold for this purpose, they 
will prove lowest in cost through better per-
formance and materially longer life. 
Write for complete technical data on this 

new line of tubes and accessories A Mach-
lett Application Engineer will gladly visit 
you at your request. 

MACHLETT LABORATORIES, INC. 
Springdale, Connecticut 

50 Years of Electron Tube Experience 

AUTOMATIC SEAL WATER JACKET. No tools 
needed to open and close the new Machlett water 
jacket. No worry about tube breakage or water 
leakage. Jacket cannot be opened unless water 
pressure is off, nor closed unless tube is properly 
seated. Your hand opens and closes a perfectly 
safe seal with just a single twist. 

Li 
ML-5619 RF HEATING TRIODE, 
water cooled with automatic seal 
jacket, or for forced-air cooling 
(ML-5604). 
Maximum Input   32.5 KW 

Maximum Plate 
Dissipation (ML-5619)  20  KW 

Maximum Plate 
Dissipation (ML-5604)  10  KW 

ML-5658 RF HEATING TRIODE 
Maximum Input  60 KW 
Maximum Plate Dissipation 20 KW 
(Will replace Type 880 without equip-
ment modifications) 

Automatic seal water jacket as shown. 

ML-5667 FORCED-AIR COOLED 
TRIODE, available for water cool-
ing ML-5666, with automatic seal 
jacket. 
Maximum Input   20  KW 
Maximum Plate 
Dissipation (ML-5667)  7.5 KW 

Maximum Plate 
Dissipation (ML-5666)  12.5 KW 

(Will replace Types 889A and 889RA 
without equipment modifications) 

ML-5668 WATER-COOLED RF 
HEATING TRIODE, available with 
automatic seal jacket. 
Maximum Input   28 KW 
Maximum Plate Dissipation 20 KW 
Will replace Types 892 and 892R 
[by ML-5669] without equipment modi-
fications) 
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PYROVAC... A NEW EIMAC PLATE MATERIAL 
The story's out . . . Pyrovac, a new Eimac plate ma-
terial, the culmination of ten years research and 
millions of hours of life test data, is now in standard 
production —at no extra cost. 

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

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

The life span of tubes with Pyrovac plates far ex-
ceeds that of tubes incorporating plates of conven-
tional materials.  For example, under conditions 
where a tube gave 3000 hours of service the same 
tube type with a Pyrovac plate gave 15,000 hours of 
life, a 400 percent increase! 

Pyrovac plates are capable of handling overloads in 
excess of 1000%. For instance, the 4-65A plate 
pictured above was radiating 900 watts of heat, a 
1280% overload . . . without indication that the 
eventual life of the tube or its characteristics were 
affected. We don't suggest you dissipate 900 watts 
of heat in your Eimac 4-65A's (you could probably 
do it), but this example establishes proof that 
Pyrovac is a superior plate material destined to be-
come the anode standard of the vacuum tube in-
dustry. 

Here's an Eimac 4-65A that has been 
subject to a prolonged 1280% over-
load  . look at it .. . a 65-watt tube 
that dissipated 900 watts before phys-
ical evidence of overload, and still no 
mechanical lailure ... in normal serv-
ice it's still going strong. 

1280% OVERLOAD 

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

Type 4-250A 

Type 4-I25A 

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

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

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



THESE SHERRON SCIENTISTS IN 
THIS ELECTRONICS LABORATORY 
CAN HELP WITH YOUR TECHNICAL 
AND INDUSTRIAL PROBLEMS! 

Nerve center of the full-scoped Sherron operation is the Sherron 

electronics laboratory. 

Here we initiate all the impulses that are eventually translated into 

design, development and engineering. It is in every way a complete 

laboratory. Complete in the quality of its facilities ... up-to-the-

minute equipment and apparatus throughout. Complete, too, in the 

character of its personnel . . . physicists, engineers, technicians 

steeped in the mysteries and mutations of electronics. 

As an organizational group, they'll show you some pretty effective 

trouble-shooting. Just set them loose on any industrial and technical 

bugaboo that's got you up a tree ... Confidential, of course — our 

laboratory service is for manufacturers only. 

DESIGN,  RESEARCH,  DEVELOPMENT AND ENGINEER-

ING OF "PRECISION ELECTRONICS"  EQUIP MENT. 

A: Custom Built, Vacuum Tube Test Equipment for receiving, trans-
mitting, Cathode-ray and small power tubes. 

B: Television Transmitters and Test Equipment designed and devel-
oped to individual specifications. 

C Research and Development in The Field Of: 

1. Instrumentation. 

2. Vacuum Tube Circuit Development. 

3. Control of Measuring Devices. 

4. Electronic Control Equipment. 

D: Electron Ballistics 

E: Thermionic Emission 

F: Electron Optics 

;OW,* 
O s fitt 

201 FLUSHING AVENUE • BROOKLYN 6, N. Y. 

Sherron 
EkamniesSHERRON ELECTRONICS CO. 

Division of Sherron Metallic Corporation 

PROCEEDINGS OF THE I.R.E.  February, 194, 15A 



The handy honeycomb car-
tons prevent leads from tan-
gling and save time. 

FIXED RESISTORS ADJUSTABLE RESISTORS 

The ALLEN-BRADLEY LINE of RADIO RESISTORS 
— not affected by heat, cold, moisture, or age 

Bradleyunit resistors are small in size but 
"tops" in load and life tests. Under continu-
ous 100% load for 1000 hours, the resistance 
change is less than 5%. 
The leads are differentially tempered to 

prevent sharp bends near the resistor. Leads 
are easily formed to fit any spot. 

Bradleyunits are packed in handy, honey-
comb cartons that keep the leads straight. 
When resistors are kept loose in pans they 
are hard to pick up. Leads become bent and 
tangled, and assemblers lose time. 

Bradleyunits are made 
in 1/2 -watt and 2-watt 
sizes in standard R.M.A. 
values from 10 ohms to 
22 megohms. One-watt 
Bradleyunits are avail-
able in values from 2.7 
ohms to 22 megohms. 

SIZES OF UNITS 

Rating  L 

The heart of the Type J Bradleyometer is 
the solid-molded resistor element. It is a thick 
ring, molded to provide any resistance-rota-
tion curve. After molding, heat, cold, moisture, 
or hard use cannot affect it. 
The resistor element is molded as a single 

unit with insulation, terminals, face plate, and 
threaded bushing in ONE piece. There are 
no rivets nor welded nor soldered connections. 
It is rated at 2 watts with a big safety 
factor; can be furnished with line switch, 
if desired, and with any shaft extension. 
Type J Bradleyometers 

can be obtained in sin-
gle, dual, or triple unit 

  constructions. The Type 

1-w  3 El"  9/64" 

1-w  9 16"  7 32" 

2-w  11/16"  5/16" 

JW Bradleyometer is a 
watertight unit for spe-
cial weatherproof con-
trol applications. 

Allen-Bradley Co., 1 14 W. Greenfield Ave., Milwaukee 4, Wis. 

ALLE r-111 4DLEY 
FIXED & ADJUSTABLE RADIO RESISTORS 

==.(1U14LITY 

Sectional view of Bradley-
ometer molded resistor ele-
ment. 
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Oliatk TRADE MARK REGISTERED US. PATENT OFFICE 

Technical Ceramics 

• Large or small, one or a million, AlSiMag technical ceramics are custom made in the 

composition with the correct physical characteristics for your application On 

request AlSiMag engineers will be glad to he'p 

you find the best design and composition for your requirements. 

4 6  h  Y E A R  0  F  C E R A M I C  L E A D E R S H I P 

AMERICAN LAVA CORPORATION 
CH ATTA N O O G A  5,  TE N NESSEE 

SALES OFFICES: ST. LOUIS, MO., R. H. Geiser, Tel: Garfield 4959 • CAMBRIDGE, MASS., 1. F. Morse, Tel: Kffkland 4498 • NEWARK, N. 1., I. H. Mills, Tel: Mitchell 2-8159 • PHILADELPHIA, 

S.1 McCawell, Tel Stevenson 4.2823 • CHICAGO, W. E. Glasby, Tel Central 1721 • SAN FRANCISCO, F. S. Hurst, Tel Douglas 2464 • LOS ANGELES, L. W. Thompson, TeL Mutual 9016 



• 

...get out the distortion A" and 

variations in your incoming line voltages 
• 

• This Nobatron is being used to test 

battery  operated  Movietone  News 

cameras. Nobatrons provide a source of 

DC voltages at high currents previ-

ously available only with batteries. 

The Nobatron maintains a regulation 

accuracy of 0.25 % , ripple voltage 

IRMS max) of 1 % and has a recovery 

time of 1 5 of a second. 

write today for your copy of the 
new Sorensen catalog. It contains 

schematics, curves, application data 

and a special section on "Principles 

of Operation," 

• Represented in all domestic and 

foreign principal cities. 

Address of Sorensen office in your 

area furnished on request. 

SCNIENSEN 

COMPANY 

with  SORENSEN 

ELECTRONIC REGULATORS 

• Wherever you use line voltage for 

precision operations, whether it be in the test 

laboratory or on the assembly line, a Sorensen 

unit can provide regulation accuracies to 2 1 0 

of 1 °A with quick recovery time. 

Arrange to have a Sorensen engineer analyze vol-

tage regulation requirements in your plant. He can 

select one of the standard units or suggest a special 

design to handle your unusual applications 

747,6 a look at Itka Per/ormaNce 5/ 

2 

5 
6 

Wide input voltage range: 95 to 125 volts or 190 to 250 
volts. 

Low harmonic distortion: less than 5% in basic models, and 
2% in "S" models. 

Insensitive to input line frequencies between 50 and 60 
cycles. 

Power factor variations from 70°/0 lagging to 90% leading 
have little effect on regulation accuracy. 

Recovery time of 0.1 seconds under the most adverse input 
and load conditions. 

Regulation accuracies from 0.1 % to 0.5 % depending upon 
model chosen. 

The FIRST line of standard ELECTRONIC AC Voltage Regulators and Nobatrons 

soRErisEn 
& CO MPANY, INC. • STA MFORD, CONNECTICUT 
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Operating Room Gauze Is Not Pure Enough 

For This M ALLORY CAPACITOR! 

The chloride content of the gauze used in making Mallory FP Capacitors 
is less than one-half of one part per million! To accomplish this, Mallory 
demands more thorough purification than is required for the gauze used 

in hospitals! 

Yours for the asking! 

Send for the Mallory Capacitor 
Catalog, which contains useful 
data on all types of Mallory 
Capacitors—sizes, electrical 
characteristics, test measure-
ments, mounting hardware. 

Purity for Longer Shelf-Life 

Due principally to this precaution, Mallory FP Capacitors stubbornly resist 
deterioration on the shelf or in storage. Cases are on record where Mallory 
Capacitors have proved ready for use without re-aging after more than 
six years in storage. . 

Useful in Television and FM Sets 

FP Capacitors are ideal for vertical mounting and contain the famous Mallory 
"Fabricated Plate" anodes. They give equivalent capacity and voltage in 
less space. Their pure internal construction and tightly sealed cases make 
them ideal for tropical use. 

Buy Mallory Assured Quality at Regular Price Levels 

MALLORYCAPACITORS 
P R. M ALLORY & CO Inc. 

(ELECTROLYTIC, OIL and WAX) 

P. R. MALLORY & CO., Inc., INDIANAPOLIS 6, INDIANA 
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REVERE ALUMINUM TUBE 
for Home Antennas 

Problems encountered in the manufacture 
and erection of home antennas for television 
and FM receivers are most easily solved by 
using Revere Aluminum Tube. Note these 
features: 

Strength. Revere 61S-T6* Aluminum has high 
strength for masts. Typical properties are 
40,000 p.s.i. yield strength and 45,000 p.s.i. 
tensile strength. 

Workability. Revere 61S-T4* Aluminum can 
be easily bent if desired for the formation of 
dipoles. Both this and 61S-T6* are easily cut, 
drilled, and threaded. Typical properties of 
61S-T4* are 21,000 p.s.i. yield and 35,000 
p.s.i. tensile. 

Lightness. Aluminum tube, being only about 
one-third the weight of steel, reduces trans-
portation charges and facilitates installation 
work. 

Beauty. Aluminum can be anodized and 
given almost any desired color. Most people, 
however, prefer it in its silvery beauty without 
adornment. 

Revere Aluminum Tube is available in 
practically any size that might be required, 
and thus each design can be engineered to 
its own requirements. Revere and any 
Revere distributor will gladly quote you 
prices and delivery dates on your require-
ments. The Revere Technical Advisory 
Service will cooperate with you on technical 
matters concerning the use of aluminum 
tube or any other Revere Metal. Revere 
supplies the radio industry with many 
non-ferrous metals and alloys, in such forms 
as tube and pipe, rod and bar, sheet and 
plate, extruded shapes and forgings. 

REPAID& 
COPPER AND BRASS INCORPORATED 

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

•  • 
Mills: Baltimore, Md.; Chicago, III.; Detroit, Mich.; 

New Bedford, Mass.; Rome, N. Y. 
Sales Offices in Principal Cities. 

*These ore new temper designations effective January 1, 1948. 
Formerly 61S-T6 was designated 61S-T and 615-74 was 615-W. 

RCA Television and FM receiving antenna, using Revere Aluminum Tube 
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Arri PRECISIO1N... 

0 Accurate performance of your product is limited (y the precision of its component parts. It is only 
through selection of precision components that supe-
rior performance can be assured. Hi-Q Ceramic Capac-
itors, for example, can be held to a minimum tolerance 
of .25 MMF. Constant surveillance throughout every 
stage of manufacture ... from raw material to finished 
product . . . is responsible for this uniformly high 
quality of all Hi-Q components. Specify Hi-Q compo-
nents . . . your assurance of precision performance. 

a. • 

sat.. (Vim" 

Precision standards are 
set in the laboratory. 

Reacevtee eov. 
FRA NKLI NVILLE. N. Y. ( 

Plants: FRANK LINVILLE. N. Y. — IESSOP, PA. 

BOSTON, NE W YORK. PHILADELPHIA. DETROIT. CHICAGO, LOS ANGELES 
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AND THE SECRET IS SCINFLEX: 

BENDIX-SCINTILLA 
the finest ELECTRICAL CONNECTORS 

money can build or buy! 

SHELL 
High strength  caurns. 
num alloy  High 
resistonc• to corrosioe 
... with surfoc• flni•h 

CONTACTS 
High current copocav 
...Low voltage droo 

SCINFLEX 
ONE-PIECE 
INSERT 

High  di•lectric 
strength ...High a.. 
resistance 

Bendix-Scintilla" Electrical Connectors are precision-built to 
render peak efficiency day-in and day-out even under difficult 
operating conditions. The use of "Scinflex" dielectric material, 
a new Bendix-Scintilla development of outstanding stability, 
makes them vibration-proof, moisture-proof, pressure-tight, 
and increases flashover and creepage distances. In temperature 
extremes, from —67° F. to +300° F., performance is remark-
able. Dielectric strength is never less than 300 volts per mil. 

The contacts, made of the finest materials, carry maximum 
currents with the lowest voltage drop known to the industry. 
Bendix-Scintilla Connectors have fewer parts than any other 
connector on the market—an exclusive feature that means 
lower maintenance cost and better performance. 

*REG. U.S. PAT. OFF. 

Write our Sales Department for detailed information.  — 

• Moisture-proof, Pressure-tight • Radio Quiet  • Single-piece Inserts 
• Vibration-proof  • Light Weight • High Arc Resistance  • 
Easy Assembly and Disassembly • Less parts than any other Connector 

Available in all Standard A.N. Contact Configurations 

SCINTILLA MAGNETO 
SIDNEY, N. Y. 

DIVISION OF •ve•ro  In 

News—New Products 

These manufacturers have invited PROCEEDINGS 

readers to write for literature and further technical 

information. Please mention your I.R.E. affiliation. 

Automatic Scaling Unit 
A new scaling device for use with 

Geiger-Muller counters in radioactivity 
research has been announced by Instru-
ment Development Laboratories, 223 West 
Erie St., Chicago 10, III. Known as Model 
163, it incorporates facilities for pre-
determined count and predetermined time 
operation, in addition to the basic func-
tions which were found in the older model. 

This new scaler operates on impulses 
from a Geiger-Muller tube and actuates a 
register once for each group of impulses it 
receives. Scaling factors of 2, 16, 32, or 64 
can be used when desired. 
A new switch allows the selection of 10, 

100, or 1000 times the selected scaling 
factor for any predetermined count. The 
scaler will automatically shut off after 
this predetermined number of counts has 
been recorded, up to a maximum of 64,000, 
and will indicate the time required for 
these counts if connected to an electric 
timer. 

Mega-Marker 
The Kay Electric Co., 34 Marshall St., 

Newark N. J. has announced the Mega. 
Marker which is a precision variable 
marker-oscillator which covers a range of 
19 to 29 Nk. for the television i.f. band. 
For the f.m. i.f. band (10.7 Mc.) a crystal 
oscillator is incorporated. 

Accuracies of 0.02 Mc. may be read off 
because more than 12 inches of calibrated 
scale length is provided on the dial. 
The Mega-Marker is a valuable accessory 

for f.m. and television applications of the 
Mega-Sweep sweeping oscillator, and the 
Mega - Match  for  measuring reflected 
energy. 

22A 
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puts the "safety" in safety controls 

CONSTANT VOLTAGE 

Without CONSTANT VOLTAGE protection, this self-
sustaining link in the chain of relay points that chart 
the nation's airways, could not successfully perform its 
safety function. 

It is remotely located, at times almost inaccessible to 
service personnel and solely dependent on local power 
service. Were it not for a SOLA Constant Voltage Trans-
former, its delicately engineered electronic and radio 
equipment would be constantly at the mercy of periodic 
and unpredictable surges or low voltage levels. 

Throughout the entire cross-country system SOLA 
Constant Voltage Transformers maintain operating volt-

ages at a constant, predetermined level and the nation's 
air-men fly their courses with confidence. 

If you are building electrically energized equipment to 
operate at precise voltage levels, remember this: it is 
more economical to include Constant Voltage protection in 
your design than to install it later as a remedial measure. 

Revised Bulletin KCV-102 
available on request. 
Write for your copy. 

SOLA TRANSFOR MERS 

31 standard types 
of SoLA Constant 
Voltage Trans-
formers available 
in capacities rang-
ing from 10VA to 
15 KVA. 

Transformers for: Constant Voltage • Cold Cathode Lighting • Airport Lighting • Series Lighting • Fluorescent Lighting • Luminous Tube Signs 
Oil Burner Ignition • X-Ray • Power • Controls • Signal Systems • etc. • SOLA ELECTRIC COMPANY, 4633 W. 16th Street, Chicago 50, Illinois 

Manufactured under ltcense by: ENDURANCE ELECTRIC CO., Concord West, N. S. W., Australia  • ADVANCE COMPONENTS LTD., Walthamstow, E., England 

UCOA RADIO S.A.. Buenos Aires, Argentina  . M. C. B. & VERITABLE ALTER. Courbevoie (Seine). France 
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ALLEN B. DuMONT 

When projection lenses are available, 
you can project the oscillogram in a 
well.lighied room with perfect visi-
bility, as in this unretouched photo-
graph. Note open window. 

PHOTOGRAPHS, PROJECTIONS, 
HIGH-SPEED TRANSIENTS ARE 

if it's a 

DU MONT Type 247-A 
CATHODE-RAY oscILLOGRAPH 

▪ Modified from the Type 247, this new Du Mont Type 

▪ 247-A is such a startling success that phenomena 

hitherto totally invisible can now be easily seen. Such 
modification extends the range of the instrument tre-
mendously in the field of transient studies or high-speed 
photographic applications. 

The modification utilizes the new Type 5RP Cathode-

Ray Tube operable at voltages up to 30 KV, producing 

sufficient brilliance for direct projection, if required. 

Other features are: automatic beam blanking; choice 
of single or continuous sweep; sweep rates available 
from .5 cps to 50,000 cps; Z-axis amplifier with choice of 
output polarity; soundly engineered electrical and me-
chanical design. 

• Further details on request. 

Fle;WI M eietleiteeofe TiliYA Mit 
LABORATORIES, INC., PASSAIC, NE W JERSEY • CABLE ADDRESS: ALBEEDU, PASSAIC  N. J. U S A. 
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... for navigational use of the omnidirectional range 

Aeronautical Radio, Inc., asked the radio communica-
tions industry in 1946 for proposals on receivers and 
instrumentation designed to meet the very difficult 
specifications demanded by omnidirectional range re-
ception and indication in an airplane. Collins, one of 
six companies to comply, conducted demonstrations 
in January, 1947, for ARINC's Radio Equipment 
Committee and commercial airline engineers, and for 
the Air Transport Association's Air Navigation Traf-
fic Control Research Group. Collins was one of two 
companies whose designs were approved. 

Up to the time this announcement is written, dem-
onstrations have been made for all domestic and many 
foreign airlines, and orders have been received for 
this equipment from American, Chicago & Southern, 
Northwest, Pan American, United, and Peruvian In-
ternational.  Meanwhile, the omnidirectional radio 
range system is now being installed on the major 
United States airways, and it is expected that this 
system will supplement and ultimately replace the 
four-quadrant beam range for air navigation. 

The Collins equipment includes our 51R 280-
channel receiver covering 108-136 mc on a 100 kc 
channel basis, and the instruments shown above and 
summarized below. The receiver includes all modern 
circuit features, and provides extremely high stability 
and rejection of spurious signals. The engineering mod-
el of a companion vhf transmitter is now under test. 

A. 
B. 

C. 
D. 
E. 
F. 

Key to illustration above 

51R Receiver on Shockmount 
Control Box 
Radial Selector 
Deviation Indicator 
Radio Magnetic Indicator 
Accessory Unit (Provides mounting for 2 Radial Con-
verter Indicators, 3 Servo Amp. for R.M.I., and 2 
Power Units for 2 51R's. The photograph shows 1 
Radial Converter Indicator and 1 Power Unit mounted 
on the Accessory Unit.) 

IN RADIO COMMUNICATIONS, IT'S... 

COLLINS RADIO COMPANY, Cedar Rapids, Iowa 

11 West 42nd Street, New York 18, N. Y. 
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You'll want to use K-TRANS this year 

Get an early start! 

1/TO M4TIC 
MANI/FACTURING 
C O R P O R A T I O N ./ 

MASS PRODUCTION COILS & MICA TRIMMER CONDENSERS  
65  G O U V E R N E U R  ST. NE W AtK  4,  NE W  JERSE Y 



(ste ca#t 
test the paper for density. ... thickness 
... porosity ... power factor... 
chloride content . . . dielectric con-
stant .. . dielectric strength. 

And then test the foil for thickness... 
purity ... softness of the anneal... 
freedom from oil . . . cleanliness of 
surface . . . absolute smoothness. 

And then test the liquid dielectric for 
specific gravity. ... viscosity ... power 
factor ... color ... acidity ... flash 
point . . . dielectric strength . . . di-
electric constant ... insulation resist-
ance ... water content. 

And after that, test every single finished 

capacitor for shorts, grounds, and 

ta gilaigter a C aP a 
FOR 

Motors 

Luminous-tube 
transformers 

Fluorescent lamp 
ballasts ad i m ii.  

opens at overvoltage between termi-
nals and between terminals and case 
. . . and measure the capacitance of 
every single unit ... and then check 
every single capacitor to see that it 
has an air-tight, leak-proof hermetic 
seal. 

ree caa 
buy General Electric capacitors.. .which 

have already passed every one of 
these tests 
... on the materials when they were 
made. 
... and again before they were used. 

GENERAL 

Industrial control 

Radio filters 

Radar 

Electronic equipment 

Communication 
systems 

Capacitor discharge 
welding 

Flash photography 

Stroboscopic 
equipment 

Television 

Dust precipitators 

Radio interference 
suppression 

Impulse generators 

APPLICATIONS 

HO W TO 

BE SURE 

YOU GET 

THE BEST 

IN 

it015  

P a e  

... and on the capacitors during 
manufacture. 
... and then, finally, on every single 
capacitor before shipment. 

SPECIALTY CAPACITORS 

General Electric makes a wide vari-
ety of specialty capacitors, all of 
which must pass similar comprehen-
sive tests. For full information on 
types, ratings, dimensions, types of 
mounting, and prices, address the 
nearest General Electric Apparatus 
Office or Apparatus Department, 
General Electric Company, Schenec-
tady 5, N. ): 

ELECTRIC 

- 
6 IP. 

I 

deo  t 

406 • 

407- 45 
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A METER 
WON'T SHOW 
WHAT IT 

DOESN'T FEEL 

A STABILINE Automatic 

Voltage Regulator Type IE limits 

waveform distortion to 3% 

therefore... 
a meter is not affected by the negligible waveform 
distortion (3% maximum) of a STABILINE Auto-
matic Voltage Regulator Type IE (Instantaneous 
Electronic). 

Investigations by Weston Electrical Instrument 
Corp., as to errors due to harmonics in iron-vane 
a-c ammeters or voltmeters, show that waveform 
distortion up to 3% in 60 cycle circuits produce 
negligible errors not recognized in instrument 
readings. The results are noted in the October 
1947 issue of Weston Engineering notes. Since 
a STABILINE Voltage Regulator Type IE has 
a maximum waveform distortion less than 3%, 
it is the ideal equipment to employ for maintaining a constant voltage to 

TOTAL R.M.S. 
DISTORTION --
 PER CE 

3 

2 

0 

95 

FULL LOAD 

NO LOAD 

100  105  110  115  170  125  130  135 

INPUT VOLTAGE 

electrical apparatus. 

However, negligible waveform distortion is just one of the many outstanding features of a STABILINE 
Automatic Voltage Regulator Type IE. The STABILINE Type IE has no moving parts and is 
completely electronic in operation. It delivers a constant output voltage regardless of variations in 
input voltage or load current. The maximum change in output vol:age due to any of these variations 
will not exceed -±0.25 of 1%. For input changes only, the change in output voltage will not exceed 
-±0.1 of 1%. Speed of correction is in the order of 3 to 6 cycles. 

Numerous models are available in attractive black wrinkle-finish cabinets or for relay rack mounting. 

Complete engineering data is contained in Bulletin 547. 

Write The Superior Electric Co., 802 Meadow Street, Bristol, Connecticut 

THE SUPERIOR ELECTRIC 
BRISTOL,  CONNECTICUT 

28A 

POWERSTAT VARIABLE TRANSFORMERS • VOLTBOX A-C POWER SUPPLY • STABILINE VOLTAGE REGULATORS 
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r301 

GL-2E26 
GL-807 
GL-829-B 
GL-813 

5003 

BEA M PO WER ACES 
for Communications Work 

you just can't beat beam power tubes 
for efficiency. Their low drive re-

quirements mean less space taken up by 
the driving stages, and a substantial 
saving in power. Builders and operators 
of mobile-radio and other communica-
tions equipment know this; they choose 
beam power tubes for a clear, reliable 
signal with minimum drain on the bat-
tery or other source of transmitter supply. 
General Electric offers a complete line 

of beam power (and other) tubes de-
signed to meet the full range of power 
outputs and frequencies in communica-
tions work. If you are a designer or 
builder of apparatus, G-E tube engineers 
stand ready to work closely with you in 

selecting the right tubes for circuits on 
your drawing-boards. 
If you are an operator of police, taxi-

cab, or ambulance radio equipment—of 
a ship-to-shore, airport, or other com-
munications system — same-day, often 
same-hour replacement service on tubes 
is available from your nearby G-E tube 
distributor or dealer. 
Specify G-E tubes in new equipment 

being designed and built; ask for G-E 
tubes when replacing present types. 
It's your A-to-Z guarantee of quality, 
efficiency, long - term dependable tube 
performance. Electronics Department, 
General Electric Company, Schenectady 5, 
New York. 

Ratings (ICAS) for typical operation, Class C plate-modulated 

Plate voltage  Plate current 

500 v 
600 v 
600 v 

2,000 v 

54 ma 
100 ma 
150 ma 
200 ma 

Driving power 

(approx) 

GENERAL 

0.15 w 
0.4 w 
0.9 w 
4.3 w 

Po wer output 
(approx) 

18 w 
42.5 w 
70 w 
300 w 

Freq. at max 
ratings 

125 mc 
60 mc 
200 mc 
30 mc 

ELECTRIC 
FIRST AND GREATEST NAME IN ELECTRONICS 
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CUP CORES 
DELIVER MAXI MU M "0" 

IN MI NI MU M SPACE 

STACKPOLE iron powder molded cup cores are ideally suited to save valuable space and to make 
important contributions to high "Q" circuits. Since 
they are self-shielding, they can be mounted close to 
the chassis or any other metal part. 
Stackpole offers a broad range of shapes and types 

—and, where required, can produce special cup cores 
to the most exacting specifications. Standard Stackpole 
iron powder molding materials include a broad range 
of design and permeability possibilities for practi-
cally any electronic engineering need. 
Write for samples. State your specifications and 

probable quantities required. 

IR ON  CORE  HEAD QUARTERS 

Standard and high-frequency types • Iron sleeve cores 

Iron screw cores • Side-molded types • High resistivity types 

and many special types, shapes and sizes. 

WRITE FOR ENGINEERING BULLETIN RC-711 
(Complete Catalog Available Where Required) 

STAC KP OLE  CARB ON  CO MPANY 
St.  Marys,  Pa. 

0 DIMENSIONAL DRA WINGS  COVERING 
TYPICAL STANDARD STACKPOLE CUP CORES 

R E S S T O R S  • C O N T R O L S 
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RCA SPECIAL RED TUBES 

Minimum life -10,000 hours! 
• These new RCA Special Red Tubes 
are specifically designed for those in-

dustrial and commercial applications 
using small-type tubes but having 
rigid requirements for reliability and 
long tube life. 

As contrasted with their receiving-
tube counterparts, RCA Special Red 
Tubes feature vastly improved life, 
stability, uniformity, and resistance 
to vibration and impact. Their unique 

structural design makes them capable 
of withstanding shocks of 100 g for 

extended periods. Rigid processing 

32A 

and inspection controls provide these 
tubes with a minimum life of 10,000 
hours when they are operated within 
their specified ratings. Extreme care 
in manufacturing combined with pre-
cision designs account for their un-
usually close electrical tolerances. 

RCA Application Engineers will 

be pleased to cooperate with you in 
adapting RCA Special Red Tubes to 
your equipment. Write RCA, Com-
mercial Engineering, Section BR 52, 
Harrison, New Jersey. 

THE FOUNTAINHEAD OF M ODERN TUBE DEVELOPMENT IS RCA 

TUBE D EPA RT ME NT 

RA DIO CORPORATIO N of A MERICA 

TABLE OF RECEIVING•TYPE COUNTERPARTS 

5691    6SL7GT 
(0.6 A. heater)  . . . . (0.3 A. heater) 

5692    ASN7GT 

5693    6SJ7 

RCA Special Red Tubes can be used as replace-
ments for Ihei7 Tounterparts in equipment where 
long life, rigid construction, extreme uniformity, 
and exceptional stability are needed. 

HA RRISO N. N. J. 

SEND FOR FREE 
BULLETIN —Booklet 
SRT.I001 provides 
complete data on 
RCA Special Best 
Tubes. For your 
copy write to RCA. 
Commercial 
Engineering, Section 
BR40,Harrison, N.J. 
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Reginald L. Smith-Rose 

VICE-PRESIDENT, 1948 

Reginald L. Smith-Rose was born in London, Eng-
land, in 1894. He received his scientific and technical 
education at the Imperial College of Science, London Uni-
versity, where he obtained his B.Sc. degree with first class 
honors in physics in 1914, and the diploma of the Imperial 
College in electrical engineering in 1915. These courses were 
followed by four years practical experience in the works of 
Messrs. Siemens Brothers, and Company, Limited, where 
he was engaged in experimental work on automatic tele-
phone systems and the application of valve amplifiers to 
line communication. 
He was one of the earliest members of the London Wire-

less Club in 1913. This later became the Radio Society of 
Great Britain, to which Dr. Smith-Rose was elected an 
Honorary Member in 1942. He joined the scientific staff 
of the National Physical Laboratory at Teddington, Mid-
dlesex, as a member of the Electricity Department in 1919, 
and later formed the nucleus of the Wireless Division of 
that department. He has been associated with the work of 
the Radio Research Board of the Department of Scientific 
and Industrial Research, London, since the formation of 
the Board in 1920, and he has been responsible for con-
ducting extensive investigations in radio direction finding, 
the electrical properties of soil and sea water, and the 
propagation of radio waves over the ground and through 
the lower atmosphere. The results of these investigations 
have been described in numerous papers published in the 
Proceedings of the Royal and Physical Societies, the Journal 
of the Institution of Electrical Engineers, the Wireless 
Engineer, and in the official reports published by H. M. 
Stationery Office, England. In the course of this research 

work, he received the degrees of Doctor of Philosophy and 
Doctor of Science at London University. 
In 1939, Dr. Smith-Rose was appointed superintendent 

of the Radio Division of the National Physical Laboratory 
and is responsible for both the Slough and Teddington sec-
tions of that division. He is a member of the British 
National Committee for Scientific Radiotelegraphy, and 
has attended numerous international conferences, including 
those of U.R.S.I. and C.C.I.R., in Brussels, Bucharest, 
Copenhagen, London, Paris, Rome, Venice, and Washington. 
Dr. Smith-Rose is a member of the Institution of Elec-

trical Engineers, London, was chairman of the Radio Sec-
tion in 1943, and is the recipient of five Premiums for 
original papers read before the Institution. He was awarded 
the Fellowship of The Institute of Radio Engineers in 1945 
"in recognition of his pioneer work in the field of direction 
finding and radio propagation allied to his leadership of an 
outstanding radio research group"; and it was during his 
visit to New York in the preceding year that he was instru-
mental in arranging a closer co-operation between the 
British Institution of Electrical Engineers and the I.R.E. 
He is a member of the Liaison Committee of the two bodies. 
In August 1947, he was awarded the United States Medal 
of Freedom with Silver Palm for exceptionally meritorious 
service in scientific research and development, and for his 
advice, experience and helpful co-operation among English 
and American scientists. 
Dr. Smith-Rose has just been appointed to a new post 

as director of radio research in an enlarged organization 
to be established by the Department of Scientific and In-
dustrial Research, in Great Britain. 
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Technological methods, as recently applied to problems of peace and war, 
have shown extraordinary, and indeed alarming, capabilities. As a result, engi-
neers and other thoughtful members of the community have begun to question 
the adequacy of an earlier viewpoint that engineers are concerned solely with 
the production of equipment and services, but not with their social significance 
and mode of use. 
If engineers desire a voice in the selection and control of the uses of their 

professional products, they must seriously consider entering the arena of poli-
tics and the sphere of government, with all that is thus implied. 
The following guest editorial forcefully presents one proposal along these 

lines. It is from the pen of a skilled communications engineer who has been the 
editor of a journal in that field, a President of The Institute of Radio Engineers 
and the mayor of a town of good size.— The Editor. 

The Engineer's Role in Government 

DONALD McNI COL 

It has been demonstrated in several instances that 
engineers are well equipped intellectually to resolve 
problems of government; local, state, and national. 
This, because they are trained in resolving engineering 
problems through the procedures of analyses, blueprints, 
plans, and estimates. We know, of course, that being 
equipped to engage in an undertaking may require also 
knowledge peculiar to the particular undertaking if 
success is to be attained. There are reasons why in the 
past not many engineers have looked with favor upon 
the holding of public office. 
The business of politics, which deals with the attain-

ment of and holding of public office, unfortunately has 
attached to it much that is branded as sordid. Having 
choice, engineers are averse to being involved in un-
savory surroundings. And, as is the experience of the 
novitiate in most callings, it is necessary for the be-
ginner to serve in a minor capacity, and without money 
compensation; all of which means that serving the pub-
lic contains little if any attraction for men whose waking 
hours appear to be already fully occupied with pro-
fessional work. 
However, there are arriving now new governmental 

and social concepts that form a background against 

which, perhaps, engineers' traditional habits of thought 
may perforce have to undergo orientation. Engineers 
may not much longer safely remain on the sidelines 
while events on the national and international levels 
relentlessly intrude to confuse the capacities of pro-
vincial politicos too often thinking mainly in terms of 
home-town new postoffices. It may be significant that 
in the press one comes across declarations such as: 
"Scientists must quit their ivory towers and assume 
responsibility or stand convicted in the court of public 
opinion." 
In a recent address, Professor W. A. Noyes, of the 

American Chemical Society, said: "Present leaders of 
political, social and economic thought are not likely to 
extend to us gold-edged invitations to join them in 
developing the master plan for the world of tomorrow, 
other than to assign to us the usual role of supplying 
strictly scientific advances. This role we reject. Today 
scientists recognize that they have greater responsibili-
ties than mere discovery, and are determined to see that 
what they develop for the betterment of mankind shall 
not be used for its destruction." 
In all of this there is immediate challenge for radio 

engineers. 
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The Visibility of Small Echoes on Radar PPI Displays* 
RUBY PAYNE-SCOTTt 

Summary—A theory of visibility on an intensity-modulated dis-
play is developed. From it is derived a mathematical formula for visi-
bility on a PPI display, and this formula is confirmed by experimental 
investigations. It is shown that, under favorable conditions, received 
signals whose power is 15 db below noise level can be observed. Re-
placement of a linear detector in the receiver by a square-law 
detector will, under some conditions, produce a further improvement 
of 3 db. In the visibility formula all the system variables have been 
grouped into four parameters, and thus it has been possible to pro-
vide nomograms enabling the rapid calculation of the minimum visi-
ble signal under any set of conditions. 

INTRODUCTION inETECTION OF AN object by radar depends 
ultimately on the ability of an observer to pick 

.   out a small change, in brightness or position, of 
part of the pattern on the screen of a cathode-ray tube. 
This ability depends on the one hand on physiological 
and psychological factors, and on the other, on the 
parameters of the whole radar system, which de-
termine the nature of the change to be detected. In order 
to design systems of predictable performance or to com-
pute the effect of any proposed change in a given sys-
tem, we need to know the laws governing visibility. 
A general theory of visibility for an isolated echo on 

an intensity-modulated display, in particular on that 
type known as a plan-position indicator or PPI, is de-
veloped in this paper. By making certain simplifica-
tions, this theory is put in a mathematical form en-
abling the least visible signal under given conditions to 
be calculated. The predictions of the theory have been 
checked on an artificial radar system and found to be 
generally true. Finally, a series of nomograms are pro-
vided, from which the least visible signal under any set 
of conditions can be read off. 

NOTATION 

P min = minimum visible signal, in terms of avail-
able signal power at antenna output ter-
minals (watts) 

P„ = available noise power, referred to receiver 
input terminals, i.e., MkTAf (watts) 

N = receiver noise factor 
k = boltzmann's constant (watts seconds -1 de-
gree-') 

T= ambient temperature (°K) 
Af = bandwidth  at  radio  frequency,  i.e., 

(fo'Gfdf)/Go, where G f  is the gain of the 
amplifier at frequency f, and Go the gain at 
signal frequency (cycles per second). 

T = pulse duration (microseconds) 

• Decimal classification: R537.131 X R116. Original manuscript 
received by the Institute, January 13, 1947; revised manuscript re-
ceived, August 6, 1947. 
t Council for Scientific and Industrial Research, Chippendale, 

N.S.W., Australia. 

r =pulse-repetition frequency (seconds-1 ) 
rc= repetition frequency beyond which noise 

background is always uniform for given 
speed of rotation 

Oh= antenna beamwidth in direction of scan 
(radians) 

S= antenna speed of rotation (revolutions per 
second) 

s =rate of time-base sweep (millimeters per 
microsecond) 

d = spot diameter along radius (millimeters) 
0,=angular spot diameter along arc (radians) 
4), =angle subtended by spot at observer's eye 

(steradians) 
/ =average brightness of noise on screen 
A/=r.m.s. deviation of noise brightness from I 
51= peak increment in brightness due to signal 

(3///) 0= minimum visible value of oI/I 
(I/ I)0= minimum visible value of AI/I 

V, A V, &V= detector output voltages corresponding to 
I, AI, SI 

n =number of noise pulses averaged on PPI 
screen 

n= value of n required to make the noise 
background uniform 

14=4 oc Vkl, where i„ is the beam current of 
the indicator tube, and V the driving volt-
age on the grid 

ko= V ocPuk2, where P is the input receiver 
power and V the output voltage from the 
detector; 2 for a linear detector and 1 for 
a square-law detector. 

a, b = constants of long-persistence screen; in 
time t after sweep, intensity has decayed 
by (1-Fat)-b; for P7 screen, illuminated to 
about 0.02 effective foot-candles and ex-
cited once per second, a =0.15 second-1 , 
b = 1.2 

a = 0 when (7-,/d)> 2rAf or background is uni-
form, j otherwise 

f=1 when r,/d <1, p when r,/d> 1 
= 1 when 0o/O, <1, p when 0o/13,> 1 
e=0 for uniform backgrounds,  for discon-
tinuous background 

p = 2/3 when 1.< F cI) being solid angle sub-
0 when 4.>1.,1  tended by echo at ob-

server. 

THE PLAN-POSITION INDICATOR—A GENERAL THEORY 
OF VISIBILITY 

In a PPI display, the receiver output intensity-
modulates a trace that travels out from the center of 
the cathode-ray-tube screen each time the transmitter 
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emits a pulse. The trace at the same time rotates in 
synchronism with the antenna. The screen is made of 
long-persistence fluorescent material, so that a certain 
proportion of the brightness produced by the trace at 
any one bearing persists throughout a revolution of the 
antenna. Thus the area looked at by the radar is ex-
hibited on the screen as an illuminated map centered on 
the radar station, any small reflecting object appearing 
as a bright arc at the appropriate range and bearing. 
When observing faint echoes, the gain of the receiver is 
high; so that, in addition to the echoes, there is a back-
ground illumination produced by the receiver noise. 
Fig. 1 shows graphically how the PPI picture is built 

up. The wave forms (a) (traced from photographs in a 
report by Goldstein and Bates)' are of single sweeps on 
a deflection-modulated or class-A display, and may be 
considered as graphs of the receiver output voltage 
against time. On each sweep there is one signal pulse, 
several db above the mean noise level and always occur-
ring at the same time after the start of the sweep. The 
remaining peaks are due to the receiver noise. This 
noise originates as a series of impulses (due to Johnson 
noise in circuit components or shot noise in tubes) 
which, after passing through the r.f. amplifier, appears 
as a series of peaks of varying amplitude with character-
istic shape. Their shape varies a little with the type of 
amplifier, but always shows a fast rise and slower fall; 
its form for an amplifier consisting of five cascaded 
single-tuned circuits is shown in Fig. 2. The signal 

RECEIVER  I i 

SIGNAL PULSE 

TIME 

(a) 

TO GRID OF CRT 

TIME 

(b) 

pulse also changes its shape on passing through the r.f. 
amplifier; for a given type of amplifier, the final shape 
depends only on the product of receiver bandwidth and 
pulse duration. Fig. 2 also shows the resultant shape of 
an originally square pulse after passing through five 
cascaded single-tuned stages. A comparison of the rela-
tive shapes of pulse and impulse in Fig. 2 shows that 
(except when the bandwidth/pulse-duration product is 
large) the signal and noise pulses are not distinguishable 
by any difference in shape—a conclusion borne out by 
the traces in Fig. 1. 
The receiver output is next used to intensity-modu-

late the beam current of the cathode-ray tube (c.r.t.), 
producing a beam current varying with time as shown in 
Fig. 1(b). The resulting variation in charge falling on the 
screen of the c.r.t. gives rise to a proportional variation 
in the light emitted by the screen. The beam at any 
instant illuminates a finite area of the screen, having, 
say, a radial length d and angular width 0. (see upper 
part of Fig. 1(c)). Since the time between sweeps is too 
short for any appreciable decay in light intensity to 
occur, the brightness at any point is, to a first approxi-
mation, the mean of the brightnesses produced by all 
the sweeps occurring in an angle + 0., the brightness 
contributed by each sweep being in turn its average 
blightness over a distance + d/ 2 on either side of 
the point. Fig. 1(c) shows the brightness resulting 
from averaging over all sweeps in an angle 0, and 
over a distance d along the trace; when d is less than the 

ALL THESE 
SWEEPS 

OCCUR IN 
ANGLE es 

SCREEN OF C R T 

II 
d11-- u 

DISTANCE OUT FROM CENTRE 
OF SCREEN 

Fig. 1—How the screen image is built upon a plan-indicator PPI display. 

H. Goldstein and P. D. Bates, "Preliminary Report on the 
Fluctuations of Radar Signals," M.I.T. Rod. Lab. Rep. 569, 1944. 

(c) 

length of a pulse (upper trace) its effect is small, but 
when it is longer than a pulse length (lower trace) its 
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effect is large. A further integrating effect from sweep 
to sweep is produced by the long persistence of the 
screen, so that the brightness at a point is built up not 
only by sweeps occurring in the present revolution but 
also by sweeps occurring in past revolutions; this effect 
may be taken into account by increasing by an appro-
priate factor the number of sweeps integrated in the step 
from Fig. 1(b) to Fig. 1(c). 
It is apparent that in the original receiver output 

(Fig. 1(a)), it is often very difficult to distinguish the 
signal pulse from the higher noise pulses, though its 
power is several decibels above the mean noise power. 
On the other hand, during integration (Fig. 1(c)) the 
signal pulse is added at the same position each time, 
while, owing to the random occurrence of noise peaks, 
they only coincide at rare intervals, so that the number 
of high noise peaks diminishes and the possibility of 
confusing these with the signal pulse correspondingly 
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will occur if the beam width Oh is less than 0,, so that a 
signal pulse only occurs on some of the integrated 
sweepe; the angular width of the echo will be increased 
from Oh to 0,, with a proportional decrease in brightness. 
Fig. 3 shows photographs of two FPI displays, identi-

cal except for the amount of background integration. In 
display (a) the background is still very grainy, while in 
(b) there is sufficient overlapping of pulses to produce a 
practically uniform background. This particular dis-
play has many defects, but the photographs illustrate 
the improved visibility of synchronized over random 
phenomena as integration increases. Not only are small 
echoes more easily seen on Fig. 3(b) but so are the 
striations (due to friction in the selsyn drive) and the 
dark circle (due to a negative kick from the range 
marker). 

It is well known that there is a definite threshold 
limit to the ability of the eye to distinguish contrast, 
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Fig. 2—Shape of pulse and impulse on emerging from an r.f. amplifier of five cascaded single-tuned stages. 

decreases. The mathematical expression of this fact is 
the theorem in statistics given in Appendix II. Briefly, 
this states that, if the individual observations have a 
mean value a and a standard deviation a, the means of n 
such observations also have a mean value a but their 
standard deviation is reduced to aj-Vn, for any distri-
bution not differing too greatly from a normal distribu-
tion. The standard deviation may be taken as a measure 
of the number of peaks greater than a certain value, so 
that in the case illustrated, where integration has oc-
curred over 10 sweeps, the number of high peaks should 
be reduced by more than one-third. In practice, integra-
tion may occur over some hundreds of sweeps. The 
integration over several noise pulses in one sweep, 
shown in the lower trace of Fig. 1(c), further increases 
the uniformity of the noise background. 
As well as affecting the noise background, the spread-

ing of the beam may affect the signal pulse. This is illus-
trated in the lower trace of Fig. 1(c), in which a signal 
pulse shorter than the spot diameter is spread out with 
a proportional decrease in brightness. A similar effect 

so that the line of demarcation between the two types 
of display is clearly marked. In one (Fig. 3(b)) there is 

(a) (b) 

Fig. 3—PPI displays with different amounts of background integra-
tion. (a) Background still very grainy. (b) Background practically 
uniform. 

an effectively uniform background against which the 
operator is required to detect a bright patch corre-
sponding to the signal; in the other (Fig. 3(a)) the back-
ground is still discontinuous and the operator has to 
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recognize a particular bright patch, the signal, against 
an aggregate of patches of varying brightnesses due to 
the noise. The theory of visibility developed here is 
based on accepting this division, setting up criteria of 
visibility for each type, and then determining mathe-
matically the way in which these criteria and the type 
of display depend on the system parameters. 
The criteria of visibility for the uniform background 

are, from physiological experiments, known to be the 
contrast of the echo against the background (SI/I), the 
area of the echo, and the background brightness. Experi-
ments on visibility under conditions somewhat resem-
bling ours were made by Langmuir and Westendorp.2 A 
white screen 1.5 meters square could be illuminated at 
any brightness from that of moonlight (0.023 effective 
foot-candles (e.f.c.)) down to zero. This maximum 
brightness is of the order of that used in a PPI display. 
In the screen were holes of various areas that could be 
illuminated to any brightness by flashing lamps on and 
off. From the data given in their paper we have com-
puted the curve of Fig. 4; in this the contrast (SI/I, 
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SOLID ANGLE SUBTENDED BY ORICHT PATCH 

(STERADIANS x to3) 

Fig. 4—Contrast required to just see the bright patch on a screen 
illuminated to brightness of 0.023 e.f.c. 

assuming that it is the peak brightness of the echo that 
counts) required for one of the holes to be just visible 
against a background level of 0.023 e.f.c., when the light 
is flashed on and off for equal intervals of one second, is 
plotted against the solid angle subtended by the hole at 
the observer's eye. The curve of Fig. 2 may be approxi-
mately represented by the function 

SI  (I) P  si\ 
k4,el  Jo 

where 

(1) 

p = 2/3 when 43<41„ 
= 0 when 43> 43,, 

4) being the solid angle subtended by the illuminated 
patch at the eye of the observer, and (SI M I) the asymp-
totic value of SI/I. We shall use this function to give 
the effect of contrast and echo area on visibility, deriv-
ing the values of 43, and (15///)0 from experiments on 
actual PPI displays. 
The background brightness has been assumed unim-

I I. Langmuir and W. F. Westendorp, "A study of light signals in 
aviation and navigation," Physics I, p. 273; 1931. 

portant for the following reasons. Langmuir and 
Westendorp found that decreasing background bright-
ness increased the visibility for a given contrast when 
they used very small screens; other observers using 
larger sources and higher background brightness have 
found the opposite to hold; the size of source and 
brightness used in PPI displays are about intermediate 
between these two extremes. In a PPI display the oper-
ator is usually allowed to adjust brightness to suit him-
self, and it is found that the optimum appears to be 
very flat. It was hence concluded that brightness can 
be excluded as an important parameter affecting visi-
bility, so long as adequate illumination is available. 
The display with a nonuniform background presents 

the problem of picking out one particular bright patch 
from a collection usually similar in shape to the one 
required, a problem apparently not investigated by 
physiologists, so that we have been forced here to 
establish our own criteria of visibility. We have as-
sumed that the visibility of the echo (i.e., the reciprocal 
of the signal power required for detection) is propor-
tional to its brightness relative to that of the unwanted 
noise peaks, each measured above the mean noise 
brightness; i.e., that it is proportional to 01/Al where Al 
is the standard deviation of the noise. This criterion re-
places the contrast SI/I in the case of a uniform back-
ground. The other criterion is still taken to be the area 
of the echo. 

A FORMULA FOR VISIBILITY 

In Appendix I the above theory is applied to produce 
a mathematical formula for visibility, using simple 
mathematical expressions as approximations to certain 
functions which actually are very complex (e.g., the 
distribution of intensity over a spot or the shape of a 
pulse on emerging from a receiver). The resulting 
formula gives the least signal power Pm',, that must 
be available at the antenna output terminals to pro-
duce a visible echo on the display as 

k2\  t_01,V7 

kki/ (1 — e-2-102 \al k o.I P min 

.(118)-9 0 -4.  43,  n,  o 
(2) 

where the meaning of the symbols is set out in the 
section on notation. The significance of the various fac-
tors is as follows: k1 and ks represent the effects of de-
tector law and the grid-bias/beam-current character-
istics of the c.r.t.; P. is the available noise power at the 
antenna output terminals, i.e., NkTAf; (1—e-"m) is the 
decrease in peak amplitude of the pulse produced by the 
limited bandwidth of the r.f. amplifier; (rs/d)-0 and 
(Oh/0,)-7  represent the reduction in pulse brightness 
produced by the finite size of the spot and the effect of 
the echo area; (n/n.)-' represents the smoothing of the 
noise background due to the superposition of pulses; 
and (8///)0 is a physical constant of the human eye. 
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An alternative form of this formula is 

k2  (2TAT)-.  Tsy.-0 Oh\--7 
PM in = P   

—k1 (1 — e-" ,)2 d  Ved 

(cF, 11' ("— ,). (3) 

where rc is the pulse-repetition frequency above which, 
for a given c.r t. and antenna speed, the background is 
always uniform whatever the values of the other system 
constants, and is given by 

kiy  ( 1 ) 2 2irS 1 — (1   

= \—k2)  M  0. 1 + (1+ ais)-b 

The condition for the background to be uniform is 

r > rc if rs/d > 2thf, 

2Afd 
r —  > rc if Ts/d < 2TAf. 

(4) 

(5) 

Before discussing this formula in detail, we shall de-
scribe the experiments undertaken to check it. At this 
stage we may observe that, in either form of the equa-
tion for visibility, the ratio Prnin /P„ is expressed in 
terms of only four parameters, other than the multi-
pliers k1 and k2: (8///)0 is a physical constant inde-
pendent of the radar system, as is (13e; while for a given 
type. of electron gun (1), remains constant, the observer 
moving backward as the diameter of the tube, and 
hence the spot size, increases in order to keep the 
whole field in view. The four parameters may be vari-
ously chosen, one convenient group being i f,  TS/ d, 

0 08 and tiro. It is this reduction from the large number 
of system variables that has permitted the construc-
tion of nomograms for calculating the level of signal 
power required for visibility. 

EXPERIMENTAL ARRANGEMENT USED 
TO TEST THEORY 

Artificial echoes on a normal noise background were 
produced by the system shown in Fig. 5. The apparatus 
allowed a wide range of values of system parameters to 
be arranged in any desired combination. Fading was not 
simulated. 

Multnebretor 
50 -3200c/sr-'' 

Variable 
Delay 

Pulse 
Generator 

(pulse-length 
2-I6 usec ) 

The receiver consisted of the following: 
(a) A stantiard preamplifier with damping resistors 

across the tuned circuits, having an over-all bandwidth 
of about 4 Mc., followed by (b) a special variable-
bandwidth preamplifier, with two stages that could be 
switched to give the required bandwidth, feeding into 
(c) a standard radio-frequency channel, having 5 stages 
with an over-all bandwidth of 3.2 Mc., followed by a 
linear detector, video amplifier, and cathode follower. 
All receiver circuits were single-tuned. The heavily 

damped initial stages were found necessary to ensure 
that the noise factor of the receiver was not affected by 
the bandwidth switching. The gain of the output stages 
was also switched, so that the receiver noise output was 
constant, and hence the same part of the detector curve 
was always used. A variable bandwidth in at least two 
stages was considered necessary to give a fair com-
parison with actual receivers. Even then the selec-
tivity curves for the various bandwidths were not geo-
metrically similar, as the narrow bandwidths were pro-
duced effectively by only the two variable bandwidth 
stages in cascade, while the wider bandwidths were 
affected by the later stages of amplification. The video 
bandwidth could, by switching capacitance, be given 
values from 0.2 to 2 Mc. 
The tube chosen for the display was a 5FP7, used 

with an orange filter. The high-tension voltage was 6 
kilovolts. The tube was magnetically focused, and the 
values of d and 0, were about 0.6 millimeters and 1.1° 
respectively, at a distance of 1 inch from the center. 
The beamwidth of the echo was determined by a cam 

rotated by the same motor as that driving the sine 
potentiometers used for the time base. This cam made 
contact with a stud over a small adjustable angle in 
each rotation. The bearing angle at which contact was 
made could be varied. 
The whole system was set up in a small darkened 

cubicle. As it has been shown that general illumination 
of the same order as the trace brightness does not af-
fect visibility and is less tiring for the operators, most 
of the measurements were made with a low general il-
lumination provided by diffused light from a low-power 
lamp near the ceiling. The face of the c.r.t. was shielded 
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Fig. 5—Block diagram of an artificial radar set. 
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by a hood. The observer was seated with his head on a 
level with the tube and about 15 inches from its face. 
To make an observation, the system variables were 

set to the required values, and the attenuator turned 
back until the echo was no longer visible. The bearing of 
the echo was altered to some value unknown to the ob-
server, and he was then asked to turn the attenuator up 
until he was just certain that he saw the echo. The echo 
was always placed 1 inch from the center of the tube. 
Thus the problem was to pick out an echo of known 
shape and range but unknown bearing; lack of knowl-
edge of bearing precluded guessing. In any one sequence 
the observations were taken in random order, so that 
any variations with time in equipment or observer 
should not have a systematic effect. Readings were 
taken by three observers—the writer, and two Royal 
Australian Air Force operators whose experience had 
been mainly with deflection-modulated (class-A) dis-
plays. After a learning period of a few observational 
hours, the average absolute difference between readings 
from any two of the observers was less than 1 db and the 
effects of the various parameters were the same for all 
observers. 
The tube was operated with the grid voltage at cut-

off when there was no receiver output, this being the 
optimum bias.' The observer was allowed to set the 
gain control to the level he preferred; small deviations 
were not found to affect visibility. 
It was necessary to determine the attenuator reading 

corresponding to the noise level at each bandwidth in 
order to obtain the ratio Prnin /P„. This was achieved 
by feeding the receiver output to a deflection-modu-
lated display at a high repetition frequency, measuring 
the height of signal and of signal plus noise for some 
convenient attenuator setting, and calculating the ratio 
of signal-to-noise power from the known detector law. 
This method may give rise to an error of the order of 
1 db. 

COMPARISON OF THEORY AND EXPERIMENT 

Using the equipment and procedure described in the 
preceding section, each of the available parameters was 
varied through its range of values and the consequent 
variation in visibility compared with that predicted from 
(3). Usually only one parameter at a time was varied, 
but in investigating the effects of pulse length and sweep 
rate, it was convenient to vary bandwidth at the same 
time to keep the product 7-Af constant. Finally, the 
signal power required for visibility under the best con-
ditions that could be attained was measured. 
Fig. 7 shows typical experimental observations, to-

gether with the corresponding theoretical curves, and 
is discussed in detail below. In this figure, results for 
the variation in visibility with bandwidth give the value 
of P n, in , the input signal power required, in decibels 
above an arbitrary level that may vary from one set of 
curves to the next (but is the same for all the curves of 

3 W. B. Nottingham, "Conference on P7 Cathode-Ray Tubes," 
M.I.T. Rod. Lab. Rep. 62-7, 1943. 

one set). For all other parameters the quantity plotted 
is the ratio Prain/P.. As mentioned in the previous sec-
tion, this ratio is not known to better than 1 db. Also, 
there may be a further slight variation between differ-
ent curves, because only for the results on ultimate visi-
bility (Fig. 7.7) were the measurements of noise power 
made at the same time as the observations; at other 
times values measured perhaps a few days previously 
were used. 

I. Effect of R.F. Bandwidth (Pulse Duration and Sweep 
Rate Constant). 

Equation (3) gives, setting Pn equal to kTAf, 

( thf)l—a 

P min c4     (1 — 6-27A1) 2 for constant 7, 

when the background is uniform 
P min °C   (6) 

(1 — e--2'102 or when Ts/d> 27-4; 

otherwise, 

P m m °C 
(1 —  e-1 7A1 )2 

N/TAf 
(7) 

Graphs of these two functions of thf, expressed in 
decibels below an arbitrary level, are shown in Fig. 6. 
The curve for the relative visibility under any given 
conditions as a function of .7-Af is then made up from 
the appropriate parts of these curves. This has been 
done in Fig. 7.1, in which observations on the experi-
mental system and the corresponding predicted curves 
are plotted. The agreement is fairly good; some error 
will be introduced by the previously mentioned varia-
tion in shape of the receiver selectivity curve with band-
width. 
The optimum value of thf varies slightly with the 

parameters, lying between 0.63 and 1.17, the maxima of 
the two curves shown in Fig. 6. The optimum is flat, and 
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Fig. 6—Variation in minimum visible signal power with bandwidth 
versus pulse-duration product. 

the loss resulting from making 7-Af equal to unity is never 
more than 0.4 db. 
The empirical function TAf [1 +Oh-AD]2, found by 

Haeff4 to fit his measurements on deflection-modu-
lated (class-A) displays, is also shown in Fig. 6. It is 
apparent that it gives the same results as the present 

4 A. V. Haeff (unpublished work), Naval Research Laboratory, 
Washington D. C., 1943. 
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theory if Prni ,i varies as in (7) for values of rAf between 
0.5 and 10 and as in (6) outside these limits; such dis-
plays are the most common, corresponding to a pulse 
length about equal to the spot diameter and a back-
ground discontinuous except for very large bandwidths. 

2. Effect of Pulse Duration and Sweep Rate (rAf con-
stant). 

When the length of the pulse on the screen would be 
less than the pulse diameter, 
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It is apparent that, under all circumstances, the visi-
bility improves with increasing pulse duration; at least 
uniformly as the pulse duration, and under some cir-
cumstances as the square of the pulse duration. This is 
due to the decreased noise accepted by the narrow 
bandwidths that can be used with long pulses. 
Let us now consider the effect of altering sweep rate, 

i.e., altering the length of the pulse on the screen, for a 
given pulse duration. 
As long as the pulse length (Ts) would be less than the 

spot diameter, the visibility improves as the pulse length 
if the background is uniform or if rs/d>2rAf, and other-
wise improves as the square root of the pulse length. 
A little consideration of the conditions when the pulse 

length is greater than the spot diameter shows that, 
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Fig. 7-Effect of various system parameters on visibility (curves are theoretical, points are experimental). 7.1 -Effect of r.f. bandwidth. 
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7.6-Effect of video bandwidth. 7.7-Ultimate limit of visibility. 

For pulse lengths greater than the spot diameter, 

(TS) - P 

Pinin °C   

7. 

when the background is uniform, or (rs/d> 2r4f); 

(8) 

when the conditions for (8) obtain, p is usually zero, 
while when those for (9) obtain, p is usually 1, so that 
the visibility is almost independent of pulse length. 
In Fig. 7.2 the ratio Pint,,/ P„ has been plotted against 

rs. Then 

Pznin/P„ oc (ra)a-0 for constant rAf. 
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and the effect of changing pulse length can be conveni-
ently examined. The experimental points are in con-
formity with the theory. 

3. Effect of Pulse-Repetition Frequency 

The theory states that 

P m in aC r-1 /2 

until the background becomes uniform; thereafter P min 

is independent of r. 
The frequency at which the change-over occurs is 

proportional to the length of the average noise pulse 
(s/2Af) when this is less than the spot diameter; other-
wise it is independent of Af and s. It is, of course, inde-
pendent of r. It is a function of the antenna speed and 
the characteristics of the second detector and the indi-
cator tube. 
Fig. 7.3 shows that the experimental results confirm 

the theory. On plotting the change-over frequency 
against the length of a noise pulse a straight line is ob-
tained; on extrapolating this, the frequency correspond-
ing to a noise pulse one spot diameter in length (i.e., the 
frequency re) is found to be 6000; we predict that, 
whatever the other system parameters, as long as the 
antenna speed remains at 2 revolutions per minute the 
visibility will always be independent of repetition fre-
quency when this exceeds 6000. Unfortunately, the ex-
perimental system could not reach this frequency. 
The values of ne and (A/ MI) may be calculated from 

this critical frequency. Using (36) and (35), we have 

0,  1  1 -I- (1 ± a/S)-b 
n, = re X — X  X  (0, in degrees) 

360  S  1 — (1 + a/S)-b 

1.1  1.129 
= 6000 X — X 30 X   

360  0.871 

and 

= 710 

(a\ = 14. 1  3  1 

/ )0  k2 Vne 2 N/710 = 0.06. 

Thus about 700 superimposed pulses are required to 
make the noise baCkground uniform, and a ratio of 
brightness deviation to r.m.s. brightness of 6 per cent 
cannot be detected. The latter figure agrees well with 
the threshold visible contrast given by Fig. 4. 

4. Effect of Antenna Speed 

When the background is uniform, 

Phi'n is independent of S 

When it is discontinuous, 

1 — (1 + a/Sr" 
Pminoc 

1 -I- (1 -I- a/S)-b 

(see equation 27, 

Appendix I) 

where oc NiS when S<<a, independent of S when S>>a, 
a and b being constants of the screen material. 

For a P7 tube a is 0.15 seconds-' and it will be of the 
same order for other long-persistence screens, so that 
S=a for a speed of about 10 revolutions per minute. 
The upper curve in Fig. 7.4 shows the above expres-

sion and experimental points; owing to build-up, the 
effect of antenna speed is seen to be small. The lower 
curve and points show the constancy with uniform 
backgrounds. 

5. Effect of Antenna Beamwidth 

P min 

P min 

oc Oh-1 when Oh < 0, 

oc 0h-P when Oh > Os. 

The smallest beamwidth that could be obtained (2°) 
was twice 0,, so that the behavior for Oh < 0, could not be 
investigated. The experimental observations (Fig. 7.3) 
agree with the prediction that Pmin is inversely propor-
tional to the 2/3 power of the beamwidth when the 
pulse first becomes larger than the spot diameter, but 
show a continuance of this law to much larger beam-
widths than anticipated from Fig. 4. This might be ex-
pected, as the characteristic arc shape of the echo is of 
great aid in distinguishing it from noise pulses. The 
asymptotic values inserted on the margin of the graph 
(pulse on continuously) show that the 2/3-power law 
does not continue much further. 
It must be remembered that an increase in Pmin  with 

decreasing beamwidth does not necessarily mean a de-
creased range in the target, as the range varies directly 
as the square root of aerial gain, as well as inversely as 
the fourth power of Ph,in, and the decrease in beam-
width may be accompanied by a more than compensat-
ing increase in aerial gain. 

6. Effect of Video Bandwidth 

This is not taken into account in the theory The ex-
perimental results (Fig. 7.6) show that, over a range of 
pulse-duration versus video-bandwidth product of 0.4 
to 32, the visibility is unaffected by video bandwidth. 
Similar results have been obtained on deflection-modu-
lated displays. 

7. Ultimate Visibility on a PPI Display 

From (3) we see that the least value of signal above 
noise that can be seen on a PPI display is given by 

Frain k2 (ôí\ 

P„  k1  r 

and that this occurs when the background is uniform, 
neither dimension of the echo is determined by the spot 
diameter and its total area is at least a:, and the band-
width is wide enough not to appreciably limit the power 
in the pulse.' For a pulse of any area greater than the 

6 Since 1 —e'/>O.98 when rg> 2, this condition can be readily 
attained. 
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spot size, the corresponding equation is 

Pm in k2 bI =  . 
ki I 

In Fig. 7.7 is plotted the above equation using values 
of 3111 from Fig. 4, together with experimental points. 
The theoretical and experimental curves almost coin-
cide initially, but the experimental curve shows the 
continued improvement with beamwidth already men-
tioned. One reason for this divergence may be that the 
screen brightness chosen by operators (about 0.04 effec-
tive foot-candles) is twice that used in the observations 
from which the theoretical curve was derived. Another 
reason, previously mentioned, is the greater importance 
of dimensions along the arc than radial dimensions in 
distinguishing the echo from noise pulses. 
The fact that signals up to 18 db below noise can be 

seen under favorable conditions is most striking. 

SOME OTHER ASPECTS OF THE THEORY 

1. The Effect of Second-Detector Law and Grid-Voltage 
Versus Beam-Current Characteristic of the Indicator 
Tube 

These occur as k1 and k2 in (3) and (4), so that 

k2.t kl\" 
Pmin 

ki  le2) 

k2 
ac — for uniform backgrounds, 
ki 

but independent of lel and k1 with discontinuous back-
grounds. 
Thus, when once the background is uniform, a system 

with a square-law detector should have a visibility 3 db 
better than the „same system with a linear detector, 
while an indicator tube for which i„ cc e‘,3 should give a 
visibility 2 db better than one for which ip e92. At-
tempts to obtain improved visibility by using a square-
law detector have been made by various workers and 
proved unsuccessful; the reason presumably is that the 
noise backgrounds were always discontinuous—as they 
are in most practical PPI displays. 
Our experimental system did not provide facilities for 

altering k1 or kl. 

2. Improvement to be Expected from Integrating Systems 

As long as the background is still nonuniform (n < th), 
an increase in the number of integrated pulses produces 
improved visibility, but once n >n, further integration 
gives no improvement. It sometimes may be more con-
venient to use some integrating system other than the 
screen of a cathode-ray tube, but the integration will 
be no more efficient than that obtainable by using high 
repetition frequencies and low antenna speeds with a 
PPI display. However, the real advantage of electrical 

integrating systems lies not in their superior powers of 
integration or of display (the limit of detectability of a 
change in a meter reading, for example, is of the same 
order as that of a change in screen brightness), but in,,the 
possibility of removing the d.c. level; if, in such a sys-
tem, voltages V, 8V, and A V are obtained corresponding 
to the I, 81, and M for the screen, then it is possible to 
arrange to apply the voltage V (the mean noise volt-
age) to bias the system, so that instead of detecting a 
change 5 V in a voltage V we are detecting a change 5V 
in a system whose mean voltage is zero but which suf-
fers random fluctuations of r.m.s. value A V, where A V 
can be made as small as desired by increasing the inte-
gration time. Any system that could remove the average 
brightness on a long-persistence screen without affecting 
the incremental values (e.g., scanning such a screen 
and biasing the resultant voltages) should be as efficient 
as a purely electrical integrator. 
The above discussion applies, of course, only to post-

detector integrators, predetector integrating systems 
being of quite a different nature. 

3. Greater Variability in Results with Discontinuous 
Backgrounds 

As well as increasing the mean signal power required 
to see an echo, a discontinuous noise background causes 
the signal power required to vary widely from time to 
time, in accord with the random occurrence of bright 
noise pulses. The standard deviation of the mean 
signal power required for visibility will be inversely 
proportional to the square root of the number of inte-
grated pulses. This variability was particularly notice-
able in the experimental tests at repetition frequencies 
of about 50 c.p.s., where a large number of observa-
tions had to be made to obtain a satisfactory average 
value. 

DISPLAY DESIGN, AND THE CALCULATION OF LOSSES 

I. The Optimum Display 

To design a display for optimum visibility, when there 
are no limitations except those of permissible peak and 
average power set by the transmitter tube, the foregoing 
analysis indicates that the procedure should be as fol-
lows: 

(1) Use the maximum available peak power in the 
pulse. 

(2) Use as long a pulse duration as possible. 
(3) Make the over-all bandwidth of the receiver equal 

to the reciprocal of the pulse duration. 
(4) Use a time-base sweep to produce a pulse length 

tween one and two spot diameters. (When long 
ranges are required, this may be achieved by de-
laying the sweep relative to the transmitter 
pulse.) 
Use the highest pulse-repetition frequency that, 
with the pulse duration chosen, will not necessi-
tate exceeding the permissible tube dissipation. 

(5) 
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(6) 

(7) 

(8) 

Make the antenna gain as high as possible. 
Having decided on the antenna gain, make the 
beamwidth in the direction of scan as large as 
possible, consistent with this gain and require-
ments of bearing accuracy. 
Use as slow a speed of antenna rotation as pos-
sible. (This condition is less important than any 
of the others.) 

2. Calculation of Losses 

Usually operational requirements make it impossible 
to fulfill all the above conditions, and it is required to 
know what losses are thereby incurred. Or, we may want 
to know what change in visibility occurs when we make 
some alteration in an existing system. For this purpose, 
nomograms have been drawn, using (3), to give the 
value of Pmin /P,„ the signal power above noise power 
required for visibility, for any radar system in terms of 
the system parameters rAf, rs/d, Oh/B., and r/re. 
These nomograms are given in Fig. 10 (a, b, and c); 

which of the three is to be used in a particular case is 

2 

7 
a 
10 
12 

F c  30 
0 

-1 40 

SO 

60 
70 
80 
90 
100 
120 

ISO 

200 

0 

Iwsecs) 

(JJSKS) 

0 

0 

0 

0.2 

02 

01 

0. 4 

determined by criteria that will be given below. Sub-
sidiary nomograms of use in calculation are given in 
Figs. 8 and 9. Fig. 8 gives rs/d in terms of the pulse 
duration, tube spot diameter, and range and radius of 
the display on the c.r.t.; Fig. 9, which is a nomogram 
of equation (4), gives the value of re in terms of the 
angular spot diameter and the antenna speed for tubes 
with a P7 screen. 
In all the nomograms it is assumed that the second de-

tector of the receiver is linear (i.e., k2= 2) and alterna-
tive scales are given for two types of c.r.t., those for 
which ip e92(14=2) and those for which ip cc e,73(ki=3). 
It is also assumed that the echo area remains small 
enough for p to be 2/3, and that the ratio 47.„/cP, does 
not vary. 
The method of using the nomograms is best illus-

trated by an example, one of which follows and is 
worked out in detail in Table I. The form used in this 
figure has been found convenient, and supplies of blank 
forms are available from this laboratory. The method 
of use, obvious from the example, is as follows: 

438 - 

.05 

.03 

.02 
.016 
-012 -
•01  — 
.008 

-ooS 

4503 

-002 

KEY 

4 

0-5 
06 
07 
0.8 
0.9 
1 
1.2 

I.S 

2 

23 
3 

23 

Spot Diameter
 (mms) 

Length of Sweep 
(miles) 

Fig. 8—Calculation of .Vd. 
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(1) Fill in the values of the system variables in the 
first column. 

(2) From these data and the nomograms of Figs. 8 
and 9, complete the second column. 

Os 

(Angular spot diameter 
of CRT) 
Degrees 

5 - 

4.5 - 

4 - 

3.5-

3 - 

26-

24-. 

- 

- 

1.2-

00-

- 

0.7-

0.5 -

0.S - 

Tubes for which Tubes for which 
ipo e  ipace2g 

1,000 — 

1,200 

1.5 00 -_ 

2.000 

450 

500 
550 
600 

700 

SOO 

900 
1.000 

4500  - 1,200 

woo-
1.5 0 0 

4,000-

4.500 — 2.000 
5.000 - 
5.5 00  2.500 
6.000 - 

Z000  13.000 500  

IS3=  4000 
10.000 —  4.5 00 

55:0500 00 
- 

151"°° :,- 67. o 0 

- 8.000 
20.000 — 0.000 -- 9.000 00 

- 10,000 
25000 

- 2,000 
30.000 -• 

3 sc,00  MAO 0 

-  40,000- 17,000 

(3) Determine from the third column which of Figs. 
10(a), (b), or (c) should be used. 

(4) Turn to this chart and, using the quantities in 
the second column marked (1), (2), (3), and (4), 

-  1.5 

2 

-  3 

4 

7 

10 

12 

1 S 
20 

- 30 
- 40 

=,88 
z200 

Aerial Speed 
(revs/min) 

Fig. 9—Calculation of r, for cathode-ray tubes with P7 screens. 

TABLE I 

Example of Use of Nomograms to Calculate Minimum Visible Signal 

System Variables Calculations 

Pulse duration  =  2  µsec. 
Length of sweep in miles  =100  miles 
Length of sweep on screen = 2.25 inches 
Spot diameter along radius=  0.6 mm. 

From Fig 8, 

(1) -rds=0.178 

Pulse duration r  =  2 $1sec. 
Receiver bandwidth af  -=  1 Mc. 

(2) rAf =2 

R= 2rA•f 
rs/d 

=4/0.178 
-22.5 

which >1 
or  <1. 

Antenna beams,. idth in di-
rection of scan, Oh  3.5 0 

Angular spot diameter of 
tube 0,  = 0.6° 

(3)  

Angular spot diameter 0,  = 0.6° 
Antenna speed of rotation =  2 r.p.m. 

Law of tube  I 4p—cg'or iz=eg3 

r, =11,000 pulses/sec. (from 
Fig. 9 if c.r.t. with P7 screen is 
used.) 

Pulse-repetition frequency r =500 pulses/sec. r =  500  
r, 11,000 

=0.045 

If R> 1, calcu-
late 

—r, XR 

=0.045 X22.5 
=1.01 

Receiver bandwidth Af  1 Mc. 
Receiver noise factor N  =13 db 

Available noise power P„ in an-
tenna circuit 
= -N-10 log g+143.8 
--13-0+143.8 
+130.8 db below 1 watt 

Os, 

Choice of Charts 

KEY 

Aerial Speed 

lif  1 use Fig. 

R<1 

I  use Fig. 
r, 

r 
lif — X R>1 use Fig. 10(a)  

R>1  r̀ 

I if r XR <1 use Fig. 10(6)  
r, 

Minimum Visible 
Signal 

From Fig. 10(a), mini-
mum visible signal 
power 
= +3.3 dl)  below noise _ 

or, expressed in terms of 
available signal power in 
the antenna circuit, 
= above +P„ 
= +3.3+130.8 
= +134 d b below 1 watt 
(i.e., 4.0 X10-"watt) 
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Is 

Tubes for which Tubes for which 

ioe  'pa e92 

t a f 

ri 
et 
0 

0 S 

0.4 

0.3 

045 

02 

0.13 

0.2 

01 

0.06 

0.07 

ELY 

Fig. 10—(a) Minimum visible signal on PPI display. R<1, (rIr.)> 1, or R>l, (r/r,) X R>1. 

Tubes for which Tubes for which 

e;  eq2 

a f 

KEY 

Fig. 10—(b) Minimum visible signal on PPI display. R<1 (r/r.)< I. 
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read off the value of the minimum visible signal 
power below noise. (Use the scale appropriate to 
the type of tube used.) 

If the value of the minimum visible signal in terms of 
the available signal power in the antenna circuit is 

Th 

0.8 
04 
04 
0 
02 
025 

004 
0.03 
002 
00t2 
001 

T41 

giving for a P7 screen the loss in visibility when the 
echo builds up over only a few scans instead of over an 
infinite number; e.g., when the target is moving or the 
antenna is nodding as it scans. 
From it we'see that, if in the example of the previous 

Tubes for which Tubes for which 

I .e3 i0 e2 
P  g  P g 

Fig. 10—(c) Minimum visible signal on PPI display. R> 1, (r/re) X R<1. 

preferred, add to the above the value of .1)„ from the sec-
ond column, obtaining the result in decibels below 1 
watt. 

Example 

A system with a PPI display, using a 5FP7 tube, has 
a beamwidth of 3.5 degrees (to the 1-1-db points)6 in 
the direction of scan, an antenna speed of 2 r.p.m., a 
pulse-repetition frequency of 500 pulses per second, a 
pulse duration of 2 microseconds, and a 100-mile sweep 
occupying 21 inches on the face of the cathode-ray 
tub. The receiver has a noise factor of 13 db and a 
bandwidth of 1 NIc. What is the value of the least signal 
that can be seen on the display? 
This example is worked out in Table I, and the least 

visible signal is found to be 134 db below 1 watt avail-
able at the antenna output terminals. 

3. A Nomogram for Obtaining Loss when Echoes are 
Returned on Only a Few Scans 

Fig. 11. is a nomogram, based on (37) of Appendix I, 

° The 1 i-db points measured for transmission or reception only 
correspond to a 3-db decrease in power for radiation transmitted and 
received by the same aerial. 

section the echo had built up over only two antenna 
rotations, there would have been a decrease in visibility 

AERIAL  SPEED 

RP M. 

2 - 

4-

10-

16-

30-

60-

120-

RP M 1, 
,140 

KEY 

No OF AERIAL SCANS  ON 

WHICH  ECHO  OVERLAPS 

LOSS IN VISIBILITY 
db 

6 

NoOF OvERLAPPING 
SCANS 

-60 
-50 
-40 

-30 

-20 

- 15 

-10 

- 6 
- 4 

- 3 

- 2 

- 1.5 

Fig. 11—Loss in visibility due to movement of the target, or to change 
in antenna elevation between successive scans. 

of 0.1 db. The loss is small because there is very little 
build-up on the 2-r.p.m. scan. If the original speed had 
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been not 2 but 60 r.p.m., and still only 2 scans were 
superposed, the loss would be 5f db, i.e., the build-up 
is now very important. The nomogram illustrates the 
behavior mentioned at the end of Appendix I; for speeds 
greater than 10 r.p.m. (S>a), the visibility depends 
only on the total time of looking at the target; for 
speeds less than 4 r.p.m. (S<<a), the loss under any 
circumstance is never more than 1 db. 
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APPENDIX I 

A MATHEMATICAL FORMULA FOR VISIBILITY 

The principles outlined in Section 3 are here applied 
to derive a mathematical formula for visibility. For 
some of the factors affecting visibility the exact mathe-
matical expressions are too cumbersome to be useful, 
while for others they are not exactly known, so that a 
number of approximations have been made; these are 
indicated as they occur. As a considerable amount of 
material is involved, it is presented in note form. First, 
the various factors involved are set out in their mathe-
matical form, and from these the formula for visi-
bility is developed step by step. The notation is that 
given in Section 2. 

(I) Available Power at Antenna Output: 

Peak signal power—Pm in 
Mean noise power—P.= NkTAf. 

(2) Output from R.F. Amplifier 

Peak signal power—Pmi.' =Go• A2- Pmin 

where Go is the gain at the center of the amplifier pass-
band and A is the reduction in peak voltage of a square 
pulse caused by the selectivity of the r.f. amplifier. 
Fig. 12 shows the reduction in peak voltage suffered by a 
square pulse when passed though an amplifier consist-
ing of 1, 2, 5, or 10 cascaded single-tuned stages None 
of the curves diverge greatly from that for one circuit, 
for which 

A = 1 -  

and hence we have taken this value for A, so that 

Pmun' = Go• (1 - e-2 rAfr• (10) 

7 E. R. Andrew and B. A. Langford, "An Interim report on an 
Investigation of the Dependence of the Visibility of Signals in Noise 
on the Parameters of Radar Equipment and on Certain other Fac-
tors," A.D.R.D.E. Research Report No. 207, 1943. (Limited circu-
lation.) 

Duration of Signal Pulse: Fig. 3 shows that, so long as 
rAf< 0.5, the pulse duration is not affected significantly 

Fig. 12—Reduction in peak voltage of square pulse duration r on 
passing through an r.f. amplifier of over-all bandwidth Af com-
prising 1, 2, 5, or 10 cascaded single-tuned stages. 

by the receiver bandwidth, but that for narrower band-
widths the pulse becomes longer, its duration eventu-
ally being inversely proportional to bandwidth. How-
ever, in so doing the pulse loses its characteristic shape, 
and inspection of Fig. 2 shows that, for rAf <0.5 the 
signal and noise pulses have almost identical shapes 
and durations; this effect will offset any improved visi-
bility due to the greater area of the pulse. Hence, we 
have assumed 

duration of output pulse =r.  (11) 

mean noise power P.' -=Go• Nkraf.  (12) 

duration of noise pulse+ (1/24g) (from Fig. 3).  (13) 

(3) Output from Detector 

Amplitude of Signal and Noise: It has been shown by 
R. E. Burgess, a member of the staff of the Radio 
Division of the National Physical Laboratory of Eng-
land, that 

V = 1.25-VP.' for a linear detector 

= 2P„'  for a square-law detector 

AV = 0.63i/P' for a linear detector 

= 2P„' 

SV 

A V  P.' 

for a square-law detector 

for either detector. 

Hence, substituting from (10) and (12), 

av (1 — e-2T ") 2 P min 
—  = 

V  2  Pn 

for a linear detector 

=  _ e-27,202•P;in for a square-law detector, 

(1  e-2n1 02 pmin  

k2  P. 
(14) 

P min 
(1 —  e-.2rAf )2   for either detector.  (15) 

P. 
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Pulse Durations: Still as in equations (11) and (13). 

(4) Beam Current in Terms of Receiver Output 

ip oc V kl (16) 

where 
k1=3 for magnetically focused tubes of the single-

crossover type (e.g., 5FP7, 7BP7). 
= 2 for electrostatically focused tubes of the double-
crossover type (e.g., 5CP7)' 

Brightness of Screen for Zero spot Size and Screen 
Persistence 

(5) 

/  i„k 

where k is slightly greater than unity when the screen is 
complete deactivated between sweeps, and slightly less 
than unity when the screen is allowed to build up with 
an interval of 1 second between sweeps," so that for 
the conditions in which we are interested it is sufficient 
to take 

and hence, from (16), 

Hence, 

1 oc 

f cc V.  (17) 

61 61/ 
—  kl--, 

and thus, from (14), 

61  ki P min 
=  (1 _ e-2n2f)2   

I  k2  ' P„ 
(18) 

It can be shown that, within wide limits, the value of 
6VIAV is independent of the detector law, and hence 
as, according to (17), the change from voltage to bright-
ness is equivalent to multiplying the exponent of the 
detector law by kl, we have 

61  W 
= 

AI  AV 

P. in 
= (1 — Pn e-2TA1 )2 •- - (19) 

from equation (15). 

(6) Effect of spot Size on Screen Picture 

1. Area of signal and noise pulses: 

signal length = rs when Ts> d 

=d when Ts < d 

G. F. J. Garlick, "Report of Tests Made of the Afterglow Char-
acteristics of American Cathode-Ray Tubes of Electrostatically 
Focused and Deflected Type with P7 Screens," Telecommunications 
Research Establishment, Report T1668, 1944. 
" G. F. J. Garlick, "A Study of the Screen Characteristics of 

C.R.T. 16QDEZ21 with G.E.C. 'P' Screen under Conditions Simu-
lating those of Operational P.P.I. Equipment," Telecommunications 
Research Establishment, Report T1678, 1944. 

signal width =OhD when Oh >0.  (20) 

--0,D when Oh <Os 

where D is the distance out from the center of the 
screen. 

Noise length =6/2Af when 3/2Af > d 

-=-d when A/2/1f <d  (21) 

Noise width =0,D. 

2. Brightness of Signal and Noise: Mean noise back-
ground I: unaffected by spot size. 
Signal: peak brightness reduced when either length or 

width is increased by spreading of beam. 
Hence, from (20) and (18), 

where 

61  kl t 0 „, 
=  (1 —  e-2,102.(j1. (2)  rmiK 

I  k2 t1 es  P. 

1 = 0 

= 1 

m = 0 

= 1 

when 

when 

when 

when 

r. > d 

r, < d 

Oh > Os 

Oh < Os. 

(22) 

Noise: R.m.s. deviation of the noise is reduced by the 
square root of n,, the number of overlapping pulses, i.e., 
the number of sweeps occurring in an angle 0, multi-
plied by the number of pulses occurring in the length d 
when this is greater than the length of a pulse. 

rO. (2 4d\21 

276  $ ) 

where 

118 = 

2q = 0 when —$ > d 
2A/ 

= 1 when —  < d. 
241. 

Hence, decreasing If by Vu-, and using the value of 61 
given by (22), (19) becomes 

= (1 _  . 

d  0, 

Tsy (01.)"'  — Pm in 

P„ 

61 

(23) 

(24) 

(7) Effect of Long Persistence of Screen 

Area of pulse: Unaffected (provided target does not 
move appreciably between successive antenna rota-
tions). 

Brightness: 

(a) Of/I. As stated in Section (5) of this appendix, we 
may assume that the proportional change in intensity 
Of/I remains equal to the corresponding change in beam 
current Sip/ip, irrespective of the screen persistence and 
rate of antenna rotation. 
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(b) AI/I obviously is affected by the screen-per-
sistence, which acts as a further integrating agency 
smoothing out variations in the noise and thus decreas-
ing .1I/I; i.e., the effect of screen persistence is to in-
crease n, the number of pulses averaged on the PPI 
screen. 
To obtain a value of the factor by which n is increased 

for long-persistence screens, we shall assume that in 
each antenna rotation a constant average increment I' 
of brightness is added, while between each rotation the 
brightness decays by a factor (1 -Fat)-b, t being the time 
since the last increment (in this case 1/S, the time of a 
rotation), b being a constant of the screen, and a another 
constant depending on the screen material and the 
screen brightness. Since only past notations whose 
brightness still appreciably persists are of importance, 
we are greatly interested only in intensities about the 
final value I, so that it is sufficient to take the value of 
a appropriate to this final brightness. For the same 
reason, the assumption of equal average increments 
from each rotation is reasonable. Then we have 

I = l'[1 + (1 + a/S)-b + (1 + alS)-24  

+ (1 + alS)-li + • • • to infinity] 

= /7[1 — (1  a/S)-b],  (25) 

i.e., the average brightness exceeds that produced in 
the present rotation by a factor 1/ [1 —(1 +alS)-4 ]. 
Now the average increments I' will themselves vary 
with a certain standard deviation. Applying the theorem 
of Appendix II, the standard deviation of I will exceed 
that of /' by the 

i.e., 

±  (1  ais)_n ± (1 ± ais)-4b  . to infinity, 

1/ V1 —  (1  a/S) -2b . 

Hence the effect of long persistence of the screen 
causes the ratio AIR' (and hence the ratio AI/5I) to be 
multiplied by 

[1 — (1 + a/S)-1/V1  (1 ± ii/S)  26 

i.e., 

— (1 ± a/S)-9/[1 + (1+ a/S)-b]  (26) 

which, as anticipated, is less than unity. 
We may express this by saying that the number of inte-

grated pulses is effectively increased from n. to n, where 

1 + (1 + a/S)-b 
n = n.   (27) 

1 — (1 -I- alS)-b 

and thus (24) becomes 

01 
= (1 — e-2, a02.(-1or 1 1 C hy  P 

d  .vn.  311: 

(28) 

It has been shown by severaleworkers,8 that the rate 
of decay of long-persistence screens depends on the 

past history of the screen. This means that the value of 
a in (27) is a function of S. Since the effect of antenna 
speed is anyhow small (see Fig. 7.4), it has seemed suffi-
cient to take a as the value appropriate for cyclic excita-
tion at those speeds for which persistence is important. 
The value given in the notation is for a speed of 1 r.p.m. 

(8) Formula for Visibility 

(a) Uniform background 

From equation (22), 

P m in = 

k1 P  Ts 1 _51  (29)  „ 

k2 (1 —  27 ") 2 d)- ▪ (0,)  • I 

The variation of 51/ I with echo area is given by 

SI  tilL yr LI\ 
(1) 

kci)c)  10 
where 4:13 is derived from (20), so that 

LI =  ( thy° (cP,  P SI 

I  \.d)  Os)  (13,)  r)0 
(30) 

where 
u = p when rs >d 
=0 when T. < d, 
v= p when Oh>0. 
= 0 when Oh<08, 

43. = solid angle subtended by spot. 
Substituting this in (29), the minimum signal visible 
on a uniform background is given by 

P„  T.\ 

Pm in = 
k1  —  C 2ra fr  d )  O.) 

( 1 - P (1,, 
(31) 

where 
0=1 when T. <d, p when T. >d 
7=1 when Oh<08, p when 0 p > 0.• 

(b) Discontinuous Background: The equation cor-. 
responding to (29) is (28), i:e., 

r„)-1 Ohym 1 01 
P m  =   

(1  e— 2thf) 2 ( d  0.) 01 AI (32) 

There is no equation corresponding to (1) giving the 
numerical values of 5I/AI required to make a certain 
bright patch of given area visible. However, we shall 
assume that the variation with echo area in the value 
of 5I/AI required for visibility is of the same form as 
that with 5.1/I, and that when the number n of over-
lapping noise pulses reaches a certain critical value n. 
such that the noise background is just uniform, the 
values of /3„,h, for uniform and discontinuous back-
grounds are identical. The first condition transforms 
(32) into 



196  PROCEEDINGS OF THE I.R.E.  February 

P man = 

• cPc e-21%21̀ 2 

P„  r1 -8 (0,Ony  (41-P 
dl   

1 (SI 

•Vn  AI) 0 

where j3, y, p, etc., have the same values as in (31). The 
second condition requires that 

(61  k2 _/ôí 
— - =  —). 

J o AI 0 lel 

It is worth noting:that this implies that 

nc = Lk ly-  ( I \2., 

U,I) 
(AI M, being the highest ratio of the standard devia-
tion of the background brightness to its mean value 
that produces an apparently uniform background. 
(c) A General Formula: Using (34), we can combine 

(31) and (33) into one formula 

(33) 

(34) 

P min 

k2 P„ 
( 
11 8 .( Oh )  7 

k1  (1 — e-2TA 0 2 d  0, 

.( (13,\-P ( ny ' .( 61\ 

cl'ci  \ nei  1)0 

where e=4 for discontinuous backgrounds 
= 0 for uniform backgrounds. 

The background is uniform when r >re if r.s/d >2 thf 
or r • (2Afd/ s)> re if rs/d <2 thf. 
Equation (2) can be expressed in a more useful form 

by defining a critical pulse-repetition frequency re given 
by 

(35) 

2irS 1 — (1 ± a/S)-b 
r, = n,   

0,  1 ± (1 + a/S)-b 

(112 ( I )2 2irS 1 — (1 ± a / S)- b 

k2 0 0,  1 + (1 + a/S)-b 

using equation (35). 
The physical significance of re is that it is the pulse-

repetition frequency above which, for a given cathode-
ray tube and given antenna speed of rotation, the back-
ground is always uniform whatever the values of the 
other system constants. 
Then, from (23), (27), and (35), 

n  (2Afilyq  r 

(2) 

(36) 

and 
n,  s  rc 

n  (2Afn y  r yi 

7/,  r, 

= (27-41.1)-"•(- 1a •(—r) 

(4) 

where 
a = 0 when (s/26,f)>d or the background is uniform 
= 4 otherwise. 

Then (2) can be written 

= — P .  (27- 4)-a (T.)" (0)-7 k2 

ki (1 — e-2TA 0 2 d  0, 

( rrY  'C O P .(-6 

P m in 

(3) 

(9) When Echoes are Returned on Only a Few Scans 

The target may be moving, or the antenna may 
alter its elevation between successive rotations (the 
process of "scanning"), so that, although noise occurs on 
every scan, a return from the target may occur on only 
one or a few scans. Then I and AI are unaltered by 6I 
will be reduced. 
We shall assume that the simplified picture of build-up 

processes given in Section (7) of this Appendix can still 
be used, this time to give the incremental intensity due 
to an echo. We pointed out in Section (7) that the pic-
ture is close to the truth so long as the total light in-
tensity does not vary much, and this is true here as long 
as SI is not too large compared with I. Then, if SI, is 
the value of SI when the echo builds up over only q ro-
tations, and I,, the value when it has built up over so 
many rotations that further build-up has a negligible 
effect, 

olq 1±(1±a/S)-b±(1-Fa/S)-2 b+ • • •  

1+(l-FalS)-b+(l+a/S)-2 b+ • • • to infinity 

=1— (1-1-a/S)-9 b,  (37) 

giving the reduction in visibility. 
For S> a, the reduction factor is approximately 

ab • q/S; i.e., for high speeds the reduction depends only 
on the time, q/S, during which the antenna looks at the 
target. When S<<a, the factor approaches unity; i.e., at 
very low speeds the number of hits on the target is not 
important, obviously because build-up hardly enters at 
these speeds. 

APPENDIX II 

A RELEVANT THEOREM IN STATISTICS 

If xl, x2 • • • , xn  are each distributed normally 
with means al, a2 • • • , an and standard deviations 
0. 1.1  0. 2 • • •  6 na  then any linear function of the x's, 
/04-1-/2x2 • • • -Fl0xn is also normally distributed with a 
mean Ein/rar and a standard deviation N / Eir ear2. 

In particular, if the x's are individual observations on 
a normal population of mean value a and standard de-
viation a, then the means of sets of n such observations 
form another normal population whose mean is a and 
whose standard deviation is o-/ 
Although these theorems apply exactly only to 

normal populations, they are adequate for the popula-
tions encountered in this paper, for the fairly high 
values of n( > 10, and- often some hundreds) encoun-
tered. 
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Results of Microwave Propagation Tests 
on a 4o-Mile Overland Path* 

A. L. DURKEEt 

Summary—This paper gives the results of a series of microwave 
radio propagation tests over an unobstructed 40-mile overland path. 
The purpose of the tests was to investigate the transmission charac-
teristics of such a path at centimeter wavelengths over a long period 
of time. Statistics on the transmission results at wavelengths ranging 
from 1.25 to 42 cm. are given. The tests extended over a period of 

about two years. 

i
r  -1 HIS PAPER. presents the results of a series of 
, microwave radio propagation tests over an unob-
structed 40-mile overland path. The purpose of 

these tests was to study the characteristics of propaga-
tion over such a path at centimeter wavelengths, and 
to investigate the practicability of using microwaves for 
radio relaying under conditions calling for a high de-
gree of circuit reliability. The nature of the test pro-
gram was such as to provide statistical data on the per-
formance of a typical microwave circuit over a long 
period of time. The program included studies of the 
variation of transmission characteristics with time of 
day, season, wavelength, polarization, path length, and 
path clearance. The tests covered a period of about two 

years. 
THE TEST CIRCUIT 

The transmission path over which the measurements 
were made extended from New York City to Neshanic, 
N. J., a distance of 40.1 miles The New York terminal 
of the test circuit was located on the roof of the New 
York Telephone Company building at 140 West Street. 
The antennas at this location were approximately 500 
feet above mean sea level. At Neshanic, the antennas 
were mounted on top of a 50-foot wooden tower located 
on a ridge having an elevation of about 550 feet above 
sea level. A profile of the transmission path is shown in 

Fig. 1. 

NESHAMC 

Fig. 1—Profile of test path from Neshanic to New York (true earth radius). 

Measurements were made on continuous carrier sig-
nals transmitted from New York and received at 

Neshanic. The transmitters employed reflex-oscillator 
tubes giving output powers up to 100 milliwatts. The 
receivers were connected to Esterline-Angus recorders 
which produced continuous records of the transmission 

Decimal classification: R112. X R113. Original manuscript re-
ceived by the Institute, April 21, 1947. 

Bell Telephone Laboratories, Inc., New York 14, N. Y. 

variations. In most of the tests, antennas of the para-
bolic-reflector type, horizontally polarized, were used at 
both ends of the circuit. Means were provided for meas-
uring the power delivered to the transmitting antennas, 
and for calibrating the receiver outputs in terms of 
power delivered by the receiving antennas. The range 
of calibration of the equipment varied somewhat with 
the wavelength employed, but except at the shortest 
wavelength (1.25 cm.) it covered receiver inputs corre-
sponding to received field intensities from about 10 dbl 
above to about 20 db below the calculated free-space 

values. 

SCOPE OF THE DATA AND METHOD OF ANALYSIS 

Continuous transmission on a wavelength of 6.5 cm. 
was started late in July, 1943. This circuit was operated 
until February, 1945, with only a few interruptions, and 
its performance was taken as a standard against which 
the results at other wavelengths were compared. In the 
fall of 1943 a circuit was put into operation on 3.2 cm., 
and measurements were made at this wavelength until 
February, 1945. A 10-cm. circuit was operated inter-
mittently from September, 1943, until August, 1944, 
when it was replaced by a 42-cm. circuit. The latter 
was kept in operation for about two months. Finally, a 
series of measurements at 1.25 cm. was made during 
August and September of 1945. The 3.2-cm. system 
was used as the comparison circuit during the 1.25-cm. 

tests. 
With continuous graphical recording of the receiver 

outputs, large amounts of data were accumulated in the 
course of the tests. Certain sections of particular inter-
est were examined in detail, but the bulk of the record 
was condensed into a form suitable for statistical analysis. 

The reduction process consisted in the tabulation of 
maximum and minimum received field intensities for 
each interval of one hour, together with an estimate of 
the average field for the hour. The ratio of maximum-to-
minimum field for a one-hour period, expressed in deci-
bels, was called the fading range for the hour. Similarly, 

1 The ratio of any field intensity E1 to the free-space field in-
tensity Eo, expressed in decibels, is 20 logio(EI/E0• 
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the ratio of maximum-to-minimum field for a 24-hour 
period was called the fading range for that day. 
A summary of the data for all of the tests except those 

at 1.25 cm. is given in Fig. 2. This is a plot of daily 
fading range for each circuit for each day on which a 

5 

X 

as   

of transmission in the summer than in the winter is 
clearly evident in this figure. A striking feature is the 
abrupt rise in the average fading range from April to 
May. The reduction from May to June may perhaps be 
accounted for by the fact that complete records on 6.5 

1 
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Fig. 2—Summary of test results in terms of daily fading ranges from August, 1943, to January, 1945 

complete record was obtained. It can be seen that the 
fading ranges were generally greater on summer days 
than on winter days. Also, there was a tendency for the 
fading ranges to be greater at the shorter wavelengths. 
These trends will be more apparent in later figures. 
Since the calibration range of the test equipment was 
limited to about 30 db, this is the maximum value of fad-
ing range shown in Fig. 2, although the records indi-
cated that the range exceeded 30 db on some days. 
The wavelengths used in the tests were 1.25, 3.2, 6.5, 

10, and 42 cm. The 1.25-cm. data are not included in 
Fig. 2 because the character of the record obtained on 
that circuit necessitated a somewhat different method 
of analysis. As a result of the limited amount of trans-
mitter power available and the relatively large atmos-
pheric loss factor at this wavelength, the signal was ob-
scured by the receiver noise a substantial fraction of 
the time, and a satisfactory value for the daily fading 
range frequently was unobtainable. 

DIURNAL AND SEASONAL TRENDS 

Fig. 3 shows the average daily fading range at 6.5-cm. 
for each month of the year 1944. The greater variability 

cm. were obtained on only 12 days in June, due to 
special tests and work on the equipment. With respect 

RANGE - DB 
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Fig. 3—Seasonal variation of fading at 6.5 cm. 
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to diurnal and seasonal trends, the results at 6.5 cm. 
are typical of those at the other wavelengths used in the 
tests. 
The diurnal variation of fading at 6.5 cm. for typical 

summer and winter months is illustrated in Fig. 4. 
This figure shows average fading range for each hour of 
the day for the months of August, 1943, and February, 
1944. The diurnal trend is much more pronounced in 
the summer than in the winter. Throughout the summer 
months, transmission almost invariably was stable for 

AVERAGE FADIN
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EST 

Fig. 4—Diurnal variation of fading at 6.5 cm. in winter 
and summer months. 

10  1.4 

several hours around midday, even on days marked by 
extreme fading at other hours. The period of greatest 
fading extended from about midnight to sunrise. After 
sunrise, the fading range decreased rapidly to a mini-
mum, at about 10 A.m. 
Another illustration of the seasonal difference in 

propagation characteristics is given in Fig. 5. This 
figure shows distribution curves of instantaneous field 
intensity at 6.5 cm. for two selected days, August 1, 
1943, and February 14, 1944, which were the days of 
greatest fading in the respective summer and winter 
months. On August 1 the received field was more than 
20 db below the free-space value for a total time of about 
7 minutes. On February 14, on the other hand, the field 
never was more than 6 db below free-space. 
The curves of Fig. 5 illustrate the difference between 

relatively severe fading conditions in summer and 
winter. Many clays during the summer showed consider-
ably less field variation than that indicated by curve 1 

and, similarly, on most winter days the variability was 
less than that represented by curve 2. In fact, during 
the winter there were a number of days on which the 
maximum variation of received field intensity did not 
exceed 2 db. 
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Fig. 5—Instantaneous field-intensity distributions at 6.5 cm. for a 
typical summer and a typical winter day. (1) August 1, 1943. (2) 
February 14, 1944. 

WAVELENGTH COMPARISONS 

In the discussion of Fig. 2, attention was called to a 
tendency for the fading range to be somewhat greater 
at the shorter wavelengths. This effect is shown more 
clearly in Fig. 6. In this figure, percentage distributions 
of the hourly fading ranges at 3.2, 6.5, and 10 cm. are 
plotted for a period of one month, during which the 
three circuits were operated simultaneously. In the re-
gion where the ranges are greater than a few decibels, 
there is a definite increase in fading range with decreas-
ing wavelength. 
For some purposes, field-intensity minima are of more 

interest than fading ranges. Accordingly, in Fig. 7 are 
plotted percentage distribution curves of the hourly 
minima of field intensity for all of the transmission 
records summarized in Fig. 2. It is evident that the 
deepest fades occurred at the shortest wavelength, but 
the over-all spread between the 3.2- and 42-cm. curves 
is not very great. It should be noted, however, that the 
42-cm. data cover only two months at a time of year 
when fading is severe, while the data for the other 
wavelengths cover much longer periods of time and a 
wide range of fading conditions. 
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A comparison of the records taken on the various 
circuits revealed several interesting characteristics. In 
the first place, when there was no fading the received 
fields at wavelengths from 3.2 to 10 cm. were usually 
within a few decibels of the calculated free-space values. 
Secondly, close inspection of the records showed that 
there was a marked tendency for the fading variations 
at 3.2, 6.5, and 10 cm. to be synchronous much of the 
time. It was also found that fading was generally syn-
chronous on two receivers with antennas separated 
about 25 feet vertically and tuned to the same 6.5-cm. 
signal. From these observations it was concluded that 
ground reflections did not play an important part in the 
propagation of 3- to 10-cm. waves over the New York— 
Neshanic path. 
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Fig. 6—Distributions of hourly fading range at 3.2, 6.5, and 10 cm., 
April 15 to May 15, 1944. 

TYPES OF FADING 

It was found that the transmission records obtained 
were of four distinct types, examples of which are shown 
in Fig. 8. Type 1 represents a condition of stable trans-
mission with very little fading. This condition was quite 
common in the winter, sometimes lasting for several 
days at a time. It was comparatively rare in the sum-
mer, and when it did occur it seldom continued for more 
than a few hours. Type 2 consists of a rapid small-am-
plitude variation superposed on a steady average value 
or on a slow, irregular variatidn. It was fairly common in 
the summer and almost nonexistent in the winter. Type 
3 is oharacter4ed by comparatively slow variations of 
irregular amplitude and period. This is the kind of fad-

ing most frequently encountered in the summer, and 
practically the only kind observed in the winter. Type 4 
represents the most violent fluctuations experienced on 
the circuits. It occurred only in the summer and fall, and 
then only on rare occasions. The duration of these pe-
riods of extreme fading ranged from 1 to 5 hours, and 
they usually occurred between midnight and sunrise. 
All four types of fading were encountered at 3.2, 6.5, 

and 10 cm. In fact, the records for 3 to 10 cm. were gen-
erally very much alike, except that the fading was some-
what greater at the shorter wavelengths. At 42 cm., 

however, the records obtained were noticeably different. 
The transmission variations, which at times were com-
parable in magnitude to those at the shorter wave-
lengths, usually were considerably slower. There was no 
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Fig. 7—Distributions of hourly minima of field intensity at 3.2, 6.5, 
10, and 42 cm., August 1, 1943, to February 1, 1945. 

occurrence of the type-2 rapid scintillation, nor were 
there any fluctuations as violent as those classified as 
type 4. On a number of occasions the 42-cm. field was 
observed to be abnormally high and' fairly steady, while 
the 3.2- and 6.5-cm. circuits were fading considerably. A 
comparison of 42- and 6.5-cm. records taken during a 
period of moderately severe fading is shown in Fig. 9. 

POLARIZATION 

Some comparisons of the fading of horizontally and 
vertically polarized waves were made at 6.5 cm. by set-
ting the polarization of the New York transmitting an-
tenna at 45 degrees and recording the signal at Neshanic 
on two receivers, one arranged to accept the horizontal 
component and the other the vertical component. These 
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tests covered a period of 10 days and included a wide 
range of fading conditions. After making allowance for 
minor dissimilarities in the receiver characteristics, no 
significant differences in the two records could be found. 

PATH LENGTH 

About halfway between New York and Neshanic, the 
transmission path crossed a ridge located in Plainfield, 
N. J. From the top of a 25-foot tower on this ridge there 
was an unobstructed view of the New York and Nesha-
nic test sites. A temporary field station was set up at 
this point in November, 1943, for the purpose of making 
comparisons of transmission on the over-all 40-mile path 
and the two 20-mile half sections. The complete setup 
for these tests consisted of a 6.5-cm. transmitter at New 
York which was received both at Plainfield and at Ne-

10 

, 
-20 

shanic, and another transmitter at Plainfield on a 
slightly different wavelength which was received on a 
second receiver at Neshanic. Observations were made 
during the winter, when transmission was generally sta-
ble, but they included several periods of moderate fad-
ing which produced some interesting results. 
Fig. 10 shows distribution curves of the hourly min-

ima of field intensity for the month of December, 1943. 
The curves for the two 20-mile sections are very similar, 
while the one for the over-all path shows a considerably 
greater range of field minima. In fact, the depth of fad-
ing on the 40-mile path was consistently about twice 
as great, in decibels, as that on either of the two half 
sections. The similarity of the distributions for the two 
20-mile circuits is interesting in view of the different 
character of the two transmission paths. The New York-
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Fig. 8—Examples of four types of fading at 6.5 cm. Time shown is Eastern War Time. 
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Plainfield path was largely over an industrial and urban 
area, whereas the Plainfield—Neshanic path crossed a 
region of woods and fields. 
A careful examination of the records for periods of 

fading revealed no evidence of any correlation between 
instantaneous variations on the over-all path and those 
on either of the half sections. When fading occurred, 
however, all three circuits invariably were affected. 
There were a few occasions when differences of the order 
of 30 minutes to an hour were observed in the times at 
which fading began or ended on the two 20-mile paths, 
indicating a rather slow movement of the atmospheric 
conditions responsible for the fading. 

PATH CLEARANCE 

In all of the tests described so far, the transmitting 
antennas at New York were located on the roof of the 
Telephone Building at 140 West Street. The transmis-
sion path from this point to the top of the tower at 
Neshanic cleared the ground level on the ridge at Plain-
field by about 100 feet, assuming no atmospheric refrac-
tion. Actually, this 100-foot clearance was reduced 
somewhat by scattered trees and small buildings on top 
of the ridge. 
The existence of a number of setbacks at different 

levels on the West Street building made it possible to 
vary the transmitting antenna height over a wide range, 
and thus to investigate transmission over the 40-mile 
path with different amounts of clearance at the mid-
point. As a first step, a 6.5-cm. transmitter was installed 
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Fig. 10—Comparison of fading on over-all 40-mile path and two half 
sections, December, 1943. (1) New York-Neshanic. (2) New 
York-Plainfield. (3) Plainfield-Neshanic. 
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Fig. 9—Samples of record taken simultaneously at 6.5 and 42 cm., September 6-7, 1944. 
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at an elevation of 175 feet at West Street, and compari-
sons were made with a similar transmitter on the roof. 
The ridge at Plainfield extended some 60 feet above the 
straight-line path between the lower transmitter and its 
receiver at Neshanic. It was found that the received 
fields on this obstructed path ran 12 to 15 db below the 
free-space value when the circuit was stable, and fluc-
tuated violently during periods of fading. It was con-
cluded that such paths should be avoided if the objec-
tive is to provide a reliable communication circuit. 
Following the tests at the 175-foot level, the lower 

transmitter was raised to a height of about 300 feet. 
From this point the path to Neshanic was very nearly 
grazing at ground level on the Plainfield ridge, again 
assuming no refraction. In the absence of fading, the 
average received field on this grazing path was found 
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Fig. 11—Distributions of instantaneous field intensity at 6.5 cm. on 
clear and grazing paths, June 2, 1944. (1) Clear path. (2) Grazing 
path. 

to be 3 to 5 db below the free-space value, while the 
variations during periods of fading were considerably 
greater than those on the clear path. No evidence of 
synchronism in the fading on these two circuits was dis-
cernible in the records. At times the average field inten-
sity was considerably above the normal steady value on 
the grazing path when it was below normal on the clear 
path. 
Fig. 11 gives distribution curves of the instantaneous 

field intensities on the two paths for a 24-hour period 
characterized by moderately severe fading. These 
curves illustrate the great variability of transmission 
on the lower path. It is interesting to note that the 

maximum field intensity recorded on the grazing path 
during this day was about 12 db above the free-space 
value, whereas on the clear path it was only about 7db 
above free-space. On the other hand, the fading minima 
were considerably lower on the grazing path. Distribu-
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Fig. 12—Distributions of hourly minima of field intensity at 6.5 cm. 
on clear and grazing paths, July, 1944. (1) Clear path. (2) Grazing 
path. 

tions of the hourly minima of field intensity on the two 
circuits during the month of July, 1944, are shown in 
Fig. 12. Again the data for the grazing path show the 
greater spread. The desirability of some additional clear-
ance over the grazing condition is evident from these 
curves. 

TEST AT 1.25 CENTIMETERS 

Late in July, 1945, the installation of equipment for 
making tests at 1.25 cm. was completed. Continuous 
transmissipn and recording at this wavelength was car-
ried on through August and September. The transmitter 
power was approximately 25 milliwatts, and the anten-
nas at both ends of the circuit consisted of metal-plate 
lenses with horn feeds. The receiving equipment was 
capable of measuring field intensities ranging from about 
0 db to about —30 db with respect to the calculated 
free-space value. For comparison purposes the 3.2-cm. 
circuit was operated throughout the period of the 1.25-
cm. tests. 
The performance of the 1.25-cm. circuit was found 

to be very sensitive to atmospheric conditions. The av-
erage path loss varied widely with the water-vapor con-
tent of the atmosphere. During rainstorms, even of 
moderate intensity, the signal was lost completely. In 

-25 
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addition to these relatively slow changes, the received 
signals were subject to the same types of fading observed 
in the 3- to 10-cm. range. The maximum instantaneous 
field intensity at 1.25 cm. during the entire two-month 
test period was 5 db below the calculated free-space 
value. Most of the time, however, the fields were 15 db 
or more below free space. The similarity of the general 
character of the fading at 1.25 and 3.2 cm. is illustrated 
by the two sections of record reproduced in Fig. 13. 
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Fig. 13—Samples of record taken simultaneously at 1 25 and 3.2 cm., August 7, 1945. 
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Fig. 14 summarizes the test results for a period of one 
week during which the transmission at 1.25 cm. was 
relatively good. The vertical lines show hourly ranges 
of received field intensity for both the 1.25- and 3.2-cm. 
circuits. The large reductions from free-space transmis-
sion at 1.25 cm. are typical of the performance at this 
wavelength. There was no rain during the period in Fig. 
13, but on September 25 the relative humidity at New 
York was very high, ranging between 80 and 100 per cent. 
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Fig. 14—Hourly field-intensity ranges at 1.25 and 3.2 cm. for a period of one week, September 20 to 26, 1945. 
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Distribution curves of the hourly maximum and mini-
mum fields at 1.25 cm. for the whole test period are given 
in Fig. 15. These data show that about 40 per cent of the 
total hours of transmission had field intensity minima 
below —30 db, the lower limit of the measurement 
range. They also show that during 10 per cent of the 
hours the field never came up to the —30 db level. Al-
though some difficulty was experienced in maintaining 
the 1.25-cm. equipment in good operating condition, a 
total of 867 hours of satisfactory transmission record 
was obtained during the test period of two months. 

METEOROLOGICAL ASPECTS 

It was found that the performance of all of the test 
circuits was affected considerably by changes in the 
physical state of the atmosphere over the transmission 
path. As stated previously, the purpose of these tests 
was primarily to obtain statistics on the performance 
of this particular path over a long period of time, rather 
than to investigate the causes of the transmission varia-
tions. Consequently, no attempt was made to include 
in this test program any extensive meteorological stud-
ies, but some of the broader aspects of the relation be-
tween transmission variability and local weather condi-
tions were noted. 
In general, transmission was steady when the air was 

well mixed, as in windy or rainy weather. Under these 
conditions the vertical distributions of temperature and 
humidity are such as to yield a refractive index which 
decreases uniformly with height above ground. In such 
a medium the waves travel along paths which have uni-
form curvature and which tend to be stable. It was also 
found, as pointed out in the discussion of Fig. 4, that 
steady signals almost always were received around mid-
day even on calm days. This may be accounted for by 
the mixing which normally occurs at this time of day, 
resulting from convection currents in the lower atmos-
phere due to the heating of the earth's surface by the sun. 
Severe fading of the received signals frequently oc-

curred when the air was calm and still, a condition fa-
vorable to stratification and duct formation. It was shown 
in Fig. 4 that fading was generally worse at night than 
during the daytime, particularly in the summer months. 
On calm nights the cooling of the earth by radiation 
tends to produce a temperature inversion in the lower 
atmosphere. Moreover, evaporation from the earth's 
surface produces a decrease of moisture content with 
height which, with the temperature inversion, may re-
sult in the formation of a duct. Under these conditions 
transmission is generally unstable, and may be subject 
to wide fluctuations. The lower average temperatures 
and the greatly reduced moisture content of the air dur-
ing the winter months tend to reduce the severity of. 
fading in the winter as compared with summer. 
At the wavelengths above 3.2 cm. used in these tests 

there was no indication of any appreciable loss due to 
rainfall over the transmission path. There was some 
evidence of rain attenuation at 3.2 cm., although no 
accurate measurements of its magnitude were at-
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Fig. 15—Distributions of hourly maxima and minima of field in-
tensity at 1.25 cm., August 1 to October 1, 1945. 

tempted. At 1.25 cm. a general rainfall of moderate in-
tensity over the path introduced enough loss (15 to 20 
db, at least) to obliterate the signal at the receiver. 

CONCLUSION 

The results of these tests give further assurance that 
the use of centimeter waves for communication circuits 
requiring a high degree of reliability is entirely prac-
ticable, provided due allowance is made for the varia-
bility of the transmission medium. It was shown that 
there was a tendency for fading to be somewhat greater 
at the shorter wavelengths employed in these tests, al-
though the difference was not large enough to be a con-
trolling factor in the choice of an operating wavelength. 
For continuous, reliable operation day after day in such 
ariplications as extensive relay networks, however, 
wavelengths well above 3 cm. are to be preferred. The 
usefulness of the shorter wavelengths is affected by rain 
attenuation and by absorption by certain gases presen: 
in the atmosphere (principally water vapor and oxygen). 
To insure optimum performance, it is desirable to avoid 
grazing-path conditions and to select transmission paths 
having ample clearance over intervening obstructions. 
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Wavelength Lenses* 
GILBERT WILKESt 

Summary—The operation of a polyrod antenna can be consid-
ered as that of a lens having cross-section dimensions of the order 
of a wavelength. The sides of this lens are shown to be responsible 
for the concentration of energy, and this gathering action continues 
with increasing length up to a point where the energy inside the lens 
traveling slower than light falls out of phase with the external en-
ergy. The velocity of energy inside the lens is a function primarily of 
the lens dimension in the E plane of the wave. There exists an op-
timum length for each lens at which the energy is maximum. If these 
maxima are plotted against the lens aperture, a well-defined mini-
mum is obtained at an aperture of one square wavelength. Below this 
point energy increases with decreasing cross section in the wave-
length lens region, and above this point energy increases with in-
creasing cross section in the optical lens region. 

INTRODUCTION 

iF A ROD of dielectric is held in front of a receiver antenna, the received signal increases. When the 
  rod dimensions are properly chosen, a maximum 
increase is obtainable. Certain laws of this behavior 
that have been found at the Applied Physics Labora-
tory of The Johns Hopkins University will be discussed 
in this paper. 
Hertz appears to have been the first experimenter to 

observe the lens-like action of blocks of pitch on his 
newly discovered radiation. In the study of dielectric 
rods, one has constantly to consider their index of re-
fraction, which is a function of their dimensions as well 
as their orientation with respect to the incident wave. 
It is also evident that they actually act somewhat like 
optical lenses as energy concentrators. Finally, the 
power of these wavelength lenses blends smoothly into 
that of optical lenses of large aperture. The term "lens" 
is capable of interpreting satisfactorily this physical 
behavior, whereas the terms "polyrod antenna" or "di-
electric antenna" do not. The term "wavelength lens" 
for these devices is suggested as more appropriate than 
"polyrod antenna." 
These lenses lie in the transition zone between radio 

antennas and optical lenses. The writer prefers con-
sidering only their relative power, or concentrating 
action, while others more familiar with radio terms pre-
fer directive gain, as referred to an isotropic oscillator. 
Both will occur in the following as convenience may 
require. 

A 3-cm. or "X"-band wavelength was used in the 
experimental work, so as to limit the size of equip-
ment and space requirements. 

• Decimal classification: R326.8. Original manuscript received 
by the Institute, June 2, 1947; revised manuscript received, Septem-
ber 2, 1947. Presented, joint meeting, International Scientific Radio 
Union and American Section I.R.E., May 7, 1947, Washington, 
D. C. 
Extracted from "Wave Length Lenses," Bumblebee Series, Re-

port 59, The Johns Hopkins University Applied Physics Laboratory. 
t Applied Physics Laboratory, The Johns Hopkins University, 

Silver Spring, Md. 

FUNDAMENTAL LENS BEHAVIOR 

If we take a series of dielectric blocks having a uni-
form cross section of the order of a wavelength, and 
place them in front of a receiving horn in such a way 
as to obtain an increasing length of dielectric or lens in 
front of the horn, the gain is found to vary periodically 
with the lens length. If the steps by which the length is 
increased are made sufficiently small, a second-har-
monic variation of small intensity is found superim-
posed on the fundamental variation. Fig. 1 shows these 
characteristics for two different lenses. The harmonic is 
found to correspond to Snell's law for the reflection from 
thin sheets, and can be eliminated by the use of pointed 
lenses. It has no practical importance, therefore, but did 
lead to the determination of a wavelength individual to 
each lens, which permitted the determination of the 
velocity at which energy travels through the lens; this, 
in turn, gives an explanation of the characteristic 
variation with length of the fundamental gain of lenses. 
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Fig. 1—Relative gains of various lens horn arrangements 
(preliminary experiments). 

7 • 9 

APPARENT INDEX OF REFRACTION 

The harmonic variation of Fig. 1 passes through 
minima at lengths equal to about 0.4X. The dielectric 
constant of lucite is about 2.55, and its index of refrac-
tion is 1.6. If the lens behaved according to this index, 
its wavelength would be 0.635X, and the minima would 
occur at every 0.31X. The discrepancy between this 
and the observed data exceeds any possible experi-
mental error and the existence of a characteristic wave-
length XL must be postulated.1.2 This wavelength im-

This phenomenon was first reported by G. C. Southworth, 
"Some fundamental experiments with wave guides," PRoc. I.R.E., 
vol. 25, pp. 807-823; July, 1937. 

2 Peter Mallach, "Dielectric Radiators for DM and CM Waves," 
Intelligence Interrogation Report, Berlin, Combined Intelligence 
Objectives Subccmmittee, Item 1, File No. xxx1-83. 
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plies characteristic lens velocities vr, and indices of re-
fraction flL that are all interrelated by the same types 
of equation as the more usual constants for large masses 
of dielectric. 
To visualize lens behavior, it is helpful to realize that 

there is no critical or cutoff dimension for a bare dielec-
tric rod, and also that the energy traveling in a dielectric 
rod is mainly concentrated toward the center of the rod. 
These ideas have been discussed theoretically by many 
authors, particularly Schelkunoff.3 The latter gives the 
general expressions for waves in dielectric wires that 
substantiate the above statement, and from which at 
least an approximate form of the expression of the lens 
index of refraction may be obtained. 
The variations of energy observed in Fig. 1 may be 

explained by Fig. 2, where a plane wave is shown sweep-
ing over a lens. Admitting that the lens has a wave-

a 

4 

Tr 

WAVE 

Fig. 2—Wake over a dielectric block. 

length XL, Snell's law for normal incidence gives the 
transmission through a thin dielectric sheet' as 

T = 1 — R = 1  (r12  r23) 2 — 4r12r23 sin2 ad 

with 

(1 + ri2r22)2 — 4ri2r23 sin2 ad 

rik=   
Vei VEk 

a = 

27 

XL 

If each side of the dielectric is looking at the same 
impedance, which is only an approximation in the pres-
ent case, (2) gives 

XL = wavelength in lens. 

r12 = — r22 = r 

and (1) becomes 

4r2 sin2 ad 
T=1    (4) 

(1 — r2)2  4,2 sin2 ad 

which goes through minima for 

or 

I sin ad l = 1 

d = 

ad = (2K ± 1) — 
2 

(2K + 1)XL  XL 
 — 

4  4 

(5) 

3  5 
—AL,  — XL.  (6) 
4  4 

S. A. Schelkunoff, "Electromagnetic Waves," D. Van Nostrand 
Co., New York, N. Y., 1943; pp. 425-428. 

4 J. A. Stratton, "Electromagnetic Theory," McGraw-Hill Book 
Co., New York, N. Y., 1941; p. 514. 

The harmonic minima of Fig. 1 therefore define a lens 
wavelength XL. This lens wavelength must corre-
spond to an index of refraction flL and energy velocity 
vr, in the lens: 

= 

.1., 

XL 
= XLv = — c = 

nr, 
(7) 

where v, c, p are the frequency, velocity, and wave-
length of the radiation in free space. 
A wave flowing over the dielectric of Fig. 2 will excite 

displacement currents inside the dielectric. These, in 
turn, will radiate energy, a large part of which will be 
totally reflected inside the dielectric. Neglecting losses 
and external field depletion, this action will continue 
down the dielectric until the internal and external 
energies are one-half cycle out of phase, after which 
the internal energy will feed back into the external 
field until the two are again in phase, when the process 
will be repeated. 
The transit time of the internal and external energies 

are, respectively, 

d 
= — = — d 
vt,  c 

(8) 

The peak gain will occur when these two times differ 
by an odd number of half periods, or 

(2K + 1)  d 
IL — =  = — (nk, — 1),  (9) 

2v  c 

or the first optimum lens length is 

d max = 
2v(ni, — 1)  2(nz, — 1) 

and so on. This then corresponds to the fundamental 
variation of energy of Fig. 1. 
In simple lenses that have no matching device in-

side the horn or waveguide, the value of optimum length 
from (10) is always verified. The apparent index of 
refraction may be obtained either directly from a phase 
meter or calculated. We note for future reference that 
the apparent indexes vary with dimensions. Thus, the 
larger polystyrene lens of Fig. 1 would have an index 
of 1.5, and the smaller one an index of 1.25. When a 
lens is extended into a waveguide for matching pur-
poses, the optimum position is influenced slightly by 
the length in the guide. However, after the best match 
is obtained, the lens length can be adjusted so as to again 
verify (10). Referring to Fig. 3, a single piece of dielec-
tric is slid in a waveguide so that one end acts as match-
ing slug and the other as lens. The experimental ap-
parent index of refraction is 1.09, indicating an opti-
mum length of 5.55X. The slug, however, moved the 
peak gain back to 5.5.X. At this point a slight additional 
gain would have been available by increasing the 
length of lens by 0.05X and leaving the matching slug 
at its original length. 

10) 
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The most important characteristic of a wavelength 
lens is its apparent index of refraction. Reference has 
already been made to Schelkunoff's treatment of waves 
in dielectric wires.' The equations are involved and 
space does not permit their reproduction here. Suffice it 
to say that they indicate an approximate form of the 
transmission constant, and that from this work and our 
many experimental determinations we have adopted 
the expression 

— 1 =  — 1)e-owa>2 (11)6 

in which X,' is a characteristic wavelength akin to the 
cutoff wavelength of guides. However, it is found 
experimentally that the dimension of preponderant in-
fluence in lenses is the one in the E plane or "a" of 
Fig. 2, while the dimension in the H plane plays only 
a minor role that may be neglected. 
The expression for X,' is, therefore, 

X'c = 2na (rectangular lenses) 

lira (cylinder lenses) 
X'c =   

1.84 (a = diameter). 

(4 57, 1)\< 
Ey posed _ r6A  

 7.56 1  ..... h 
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rig. 3—Lens with a transformer section 
inside wave guide. 

6 

In obtaining (11), dielectric losses, field depletion, 
and the proximity of metal surfaces were neglected. 
Reference to Figs. 3 and 4 will show that the apparent 
index of refraction passes from the true index in the 
vicinity of the metal mouth to an almost constant value 
a wavelength away from the mouth, and from this 
point on it decreases only very slowly. This slow de-

6 Equation (11) above is semiempirical. It is found to check 
closely experimental data on rectangular lenses, and only approxi-
mately cylindrical lenses. D. W. Horton, of the University of Texas, 
has communicated graphical solutions he has worked out for the 
transcendent expression for waves in cylindrical rods given by Strat-
ton on page 526 of footnote reference 4. These solutions appear to 
be better for cylindrical lenses than (11), which, however, remains the 
most accurate expression known for rectangular lenses. The writer 
also wishes to acknowledge Dr. Horton's kind co-operation in estab-
lishing (14) in the following section. 
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Fig. 4—FI114 blocks in front of wave guide. 

crease is believed due to field depletion, and will be dis-
cussed in the following. A few experimental points are 
plotted against (n) in Fig 5. 
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Fig. 5—Experimental verification of nz— I = (n—l)e-(X/X.12. For 

rectangular lenses, X.' = 2na. For cylindrical lenses, X;-= 

The energy velocities given by (11) explain the opera-
tion of the dielectric depolarizer or circular polarizer of 
Fig. 6. If a flat dielectric plate is mounted at a slant 
of 45 degrees in front of a crystal, its length can be so 
adjusted as to transform a plane-polarized wave to 
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Fig. 6—Phase variation from rotation of a 
fish-tail depolarizer. 

circular polarization at the crystal. For example, sup-
pose that a plane wave E1 normal to the crystal is fed 
onto this assembly. It will be decomposed into a wave 
E2 normal to the dielectric and E3 parallel to the di-
electric. According to (11), the former will not be de-
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layed appreciably, while the latter will be strongly re-
tarded. These two waves will have components in the 
crystal plane equal to half the original amplitude but 
opposed in space. If the length of the dielectric plate is 
such that the phase between these two is one-quarter 
period, the crystal becomes sensitive to their resultant, 
or 0.7 of the original amplitude or 0.5 of the original 
energy. This resultant is, then, in reality a circularly 
polarized wave, rotating counterclockwise in the case of 
Fig. 6, and the crystal is insensitive to a change in the 
angle of polarization of the received wave. The device 
becomes a depolarizer to receive a constant signal with 
a rolling receiver. It is generally made by flattening the 
end of the lens sticking into a circular wave guide to 
resemble a fish tail, by which name it is often called. 

RELATIVE GAIN 

The relative gain of a lens is the optimum energy re-
ceived on the optical axis of a lens-receiver combination 
referred to the energy received by the receiver alone. 
It is the characteristic of practical significance in lens 
work, and unfortunately the one least reducible to a 
simple quantitative expression. The relative gain of a 
lens is affected by the nature of the receiver, the direc-
tivity or beam width of the combination, whether the 
lens intercepts all the received energy or only part of 
it, how well the lens is matched to the receiver, and on 
field depletion. For short, stubby lenses there does not 
appear to exist a reliable expression for gain. However, 
the optimum length can be calculated from (10), and 
the power of the lens can be determined experimentally 
without trouble. 
For less than wavelength apertures, optimum lenses 

are always long. Under these conditions all the oscil-
lators along the lens can be considered in phase and 
their contributions to gain can be added. This results 
in the simple expression for relative energy: 

d max  1 
GREL = 1 +  — 1 +   (12) 

X  2(ni, — 1) 

which, it is repeated, is only an approximation on the 
conservative side for long lenses in which no special 
matching is used between lens and receiver. Where the 
dimensions in either plane are such as to influence the 
beamwidth, the directivity of the lens-receiver combina-
tion acts to increase the apparent relative energy on 
optical axis. 
This influence is marked on Fig. 1 and less noticeable 

on Fig. 4. Where a matching slug is used, as in Fig. 3, 
the effect of this device is important. In Fig. 4 the end 
of the lens in the waveguide was made and placed so 
as to obtain a fixed mismatch between the waveguide 
and atmosphere. The lens of Fig. 3, identical in all 
other respects, was intended to afford a variable match-
ing device such that the maximum reflected energy 
would be 50 per cent of the total. The minima of Fig. 3 
lie, therefore, on Fig. 4, and the maxima lie on a line 

twice as high. The harmonic of Fig. 4 will be recog-
nized as Snell's reflection, and that of Fig. 3 as the 
characteristic of a matching slug which is so great 
that it hides almost entirely Snell's reflection. 
Equation (12) would indicate the possible construc-

tion of an infinitely powerful lens by making n. ap-
proach unity. This is very nearly obtained in thin 
lenses, and the drooping characteristic of Fig. 7 is ob-
tained. The falling off of the relative energy from the 
straight line indicated by (12) can be analyzed ap-
proximately as follows: 
Adapting Schelkunoff's treatment for the pattern of 

an array of sources of amplitude M to the relative gain 
of a lens, (12) can be written 

where 

with 

R(d)R 
GR =  1 +    

I Mo 

2 

(13) 

R(1.0 = f  M  sin (ICLz b)eiKzdz  (14) 

27r 
KL = 

27r 
K = — • 

If we suppose flL to approach unity, then 

KL—+ K  oo, 

and, neglecting losses, Fig. 7 suggests that 

112 =  M 02e-2K 

On integrating (14), (13) becomes 

1 

GR — 4 1 +   

Um  4K2M2 

which is finite, although large. 
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Fig. 7—Relative gain of a thin lens. 

If, in Fig. 7, each increment wavelength gathers an 
energy fraction a of the preceding one, the total 
energy is 
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E = Eo  aEo ce,E0 + • • . ad/1E0 

1  ad IX 
= E0   

1  a 

and this equals 

7.5 for — = 10. 
X 

The values of a and M are related by 

e-2mK  a, 

and solving, the limit relative energy becomes 

1 
GR 1 +   50. 
Urn  0.142 

(18) 

(19) 

The particular lens cross section used in Fig. 7 was 
0.2X2, so that the maximum energy an ideal lens is cap-
able of gathering appears to be that contained in 10X2. 
The ideal aperture of such a lens would be 3X, and 
the minimum beam half-power point would be a third 
of a radian, or 19 degrees, which checks the sharpest 
patterns obtained with lenses of less than a wavelength 
aperture. 
Equation (12) is the roughest kind of an approxima-

tion of the relative energy of a lens. It is of interest, 
however, as it confirms the experimentally proven fact 
that more powerful wavelength lenses can be made with 
dielectric materials of low indexes than with those of 
high indexes, such as glass. However, as the dielectric 
constant tends to unity, there must occur a point at 
which the lens ceases to function. Our experiments 
have not extended into this region, but only down to 
F1114 (e 2.1) which gives better lens operation than 
polystyrene (E =2.5). 

LENS PATTERNS 

Usable expressions for lens patterns can be derived 
from metallic-array theory. The computations are, 
however, too long to repeat here, and only the case of 
the cylindrical lenses will be discussed, as the expres-
sions obtained can give qualitative information on the 
directivity of lenses. 
The expression for the distant field of a linear array' is 

E2 = A2F 02F 12F 22 (20) 

where 

A =function of received energy and aperture 
Fe= form factor of aperture 
Fi =form factor of single element 
F2= factor of linear array of elements. 

If a circular wave guide is filled with a piece of dielec-
tric flush with the end, this dielectric will be the seat of 
displacement currents that, in the aggregate, resemble 

the current distribution of a half-wavelength oscillator 
in the E plane for which 

Fo = 

cos — cos 6) 
2 

sin 

experimentally checked on graph A of Fig. 8. 
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Fig. 8—Circular F1114 lens, flat-faced at each end. 
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(21) 

As the lens walls are powerful absorbers of energy, 
its pattern may be compared to that of an orifice in an 
absorbing screen, and factor F1 becomes' 

F1 = 

ira 
2J1 — cos 
XL 

Ira 
—  cos 0 
XL 

(22) 

experimentally checked on graph B of Fig. 8, for a 
lens one wavelength long. Side lobes will only occur if 
F1 passes through zero. As long as 

Ira 
— < 3 .8 
XL 

this cannot occur, so that generally lenses of one wave-
length are free from side lobes. 
The factor 

sin p — 
2 

F2 —   (23) 

sin — 
2 

where p= number of lens wavelengths in length of lens 
departs from unity as p increases from unity. The classi-
cal value of in (23) is' 

2 rl 
—  cos  — a 

X 

7 See page 356 of footnote reference 3. 
See page 451 of footnote reference 4.  See page 342 of footnote reference 3. 

(24) 
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with 

/ =spacing between oscillators, one lens wavelength 
ik=r/2 —0 
a = phase lag from one oscillator to next =27-. 

Equation (11) shows that the wavelength in a lens is 
an inverse function of the dimension of the E plane. 
While this function may be quite complex, satisfactory 
E patterns are obtained if 

1 
/ —  XL sin 0, 

a 

and, after simplifying, (23) becomes 

sin (-7P  sin20) 
11L   

F2 = 

sin (-7 sin' 0) 

1 < nL < 2, 

and replacing in (26) p by pr,,.. drawn from (27), 

E2 = A2 

sin (7r 

) 
it 

2p) 

If only large integer values of p are considered, the 
expression becomes simply 

E2 = A2(-1 2 (28) 

To arrive at a qualitative expression of the energy 
on the axis in the function of aperture "a," "p" is re-

(25 ) placed by its value from (27) and nL from (11): 

which after introduction in (20), is verified in graphs C 
and D of Fig. 8. 
It may be noted that p, the number of oscillators in 

a metallic array, is required to vary by integer lengths, 
whereas in lenses p can vary continuously and the side 
lobes represented by F2 vary smoothly from one lens 
length to the next. 
The actual patterns are seen to check the above 

expression closely in the main beam, while the side 
lobes do not check nearly so wel1.9 

GAIN FROM PATTERNS 

Returning now to (20), consider only the energy re-
ceived on the axis, for which 

it 
0  =  -  

2 

F2 = 42 

. pit 
sin — 
/IL 

it 

sin — 
/IL 

2 

Now consider only optimum lenses for which 

al max  nL 

p max = — — — 

(26) 

1.  (27) 
XL  2(nL — 1) — 

If the equals sign is used, 

p max = 1, 

and the corresponding ?IL is found to be equal to 2, 
corresponding to short, thick glass lenses for which the 
lens energy from (26) is equal to the energy of the 
aperture without the lens. Setting aside this rather 
inefficient case and letting 

9 Peter Mallach developed pattern expressions which give good 
results for small ratios of a/x. They do not seem to apply for a/X 5 1, 
which is usual in this country. 

nz,  1 -F (n — 1)e- (X/2na)' 

P =    =   
2(7/L —  1)  2(n — 1)e- (X/2na)-

,  e(X/2na)2 o 

and introducing 

A 
a2 

X2 

the expression of (28) is seen to assume the form 

E2 B ( X 9 — )  z > 1„ 
a 

which qualitatively expresses the energy of the lens 
proper on the axis. 
In (12), for the relative energy of a receiver-lens com-

bination, the unit represents the signal of the receiver 
without the lens, which is a function to the fourth 
power of the aperture. The total signal received by a 
lens-receiver combination is, qualitatively, 
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Fig. 9—Absolute gain of lenses. 

(29) 

consisting of two terms, one of which is negligible for 
small or large apertures. The curve is cusped at 
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a 

X 

Below this value, the wavelength lens region extends 
to zero, and the optimum energies are limited by the 
phase and field depletion discussed previously. Above 
this value, lenses approach the optical region where the 
energy is only a function of aperture. 
Several experimental values have been plotted on 

Fig. 9 against the signal received by a square horn of 
approximately one-square-wavelength effective aperture. 

To arrive at an idea of the directive gains shown on this 
curve, the ordinates can be multiplied by 4r. 
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A Method of Determining and Monitoring Power 
and Impedance at High Frequencies* 

J. F. MORRISONt, SENIOR MEMBER, I.R.E., 

Summary—A method and newly developed devices for determin-
ing and monitoring power and impedance levels in transmission lines 
at high frequencies are explained. Practical considerations influenc-
ing accurate determination of power and impedance levels are ana-
lyzed, and the previous and newly developed methods of monitoring 
these important quantities under changing conditions of load are 
compared. 

THE MEASUREMENT of power delivered at 
radio frequencies, as well as the impedance pre-
sented by the transmission line over which it is 

delivered, presents increased difficulties as we go to 
higher and higher frequencies. The work reported in 
this paper was directed primarily toward the measure-
ment of power and impedance at the output terminals 
of radio transmitters operating at frequencies of about 
100 megacycles. However, as \ vill be seen, the methods 
and techniques developed are not necessarily limited to 
that application or frequency region. 
At radio frequencies slight changes in the physical 

structure of antennas, transmission lines, or networks 
often cause a substantial change in their impedance. 
This effect is accentuated as the frequency is increased, 
and uncertainties regarding impedance values are 
usually reflected in the accuracy of power measure-
ments. We therefore desire to indicate, with good ac-
curacy, the power being dissipated in a load regardless 
of any changes, accidental or otherwise, that may occur 
in the load impedance, and also to indicate the magni-
tude of a transmission-line mismatch if any should occur 
during operation. To give such a power indication, it is 
practically necessary that some form of radio-frequency 
wattmeter be provided. In addition, some form of im-
pedance indicator or standing-wave detector which can 

• Decimal classification: R245 X R244. Original manuscript re-
ceived by the Institute, March 10, 1947. Presented, 1947 I.R.E. Na-
tional Convention, March 3, 1947, New York, N. Y. 

t Bell Telephone Laboratories, Inc., Whippany, N. J. 

AND E. L. YOUNKERt, ASSOCIATE, I.R.E. 

be used under power is essential to fulfill the second de-
sire. Both of these facilities are provided by the circuit 
arrangements to be described. 
Consider Fig. 1(a), where a transmission line with an 

inductive impedance L in series with the line and a 
capacitive impedance C across the line is shown. The 
voltage produced across the inductance L by the line 
current I causes a small sample current ir to flow 

(a) 

GENERATOR 

(b) 

GENERATOR 

(c) 

AT BRIDGE BALANCE 

XL X,. R e= it 

LOAD 

LOAD 

Fig. 1—Basic circuits used in the power and impedance monitor. 

through the resistance R and the crystal rectifier. If 
the resistance is made large compared with the re-
actance of the inductance, this sample current is pro-
portional to and in phase quadrature with the line cur-
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rent. The voltage E across the transmission line causes 
another sample current iR to flow through the ca-
pacitance C and the crystal rectifier. If the reactance of 
the capacitance is made large compared with the im-
pedance of the rectifier, this sample current is propor-
tional to and in phase quadrature with the line voltage. 
When the line is terminated in a load resistance equal to 
its characteristic impedance, the sample currents will 
flow through the rectifier in opposite phase. The capac-
itance C is then adjusted so that these sample currents 
are equal in amplitude, which is indicated by zero cur-
rent through the meter. A change in the transmission-
line load impedance will now cause an inequality and 
generally a phase displacement of the two sample cur-
rents. Their resultant, which is no longer zero, flows 
through the rectifier and provides a meter indication 
which is related to the magnitude of the impedance 
change. 
The performance of this circuit can also be explained 

if it is drawn as shown in Fig. 1(b), where it is seen to 
constitute a Maxwell bridge, the transmission-line in-
put impedance providing one of the resistance arms. 
When the bridge is balanced, the meter is not, of course, 
responsive to changes in the generator output. However, 
changes in the transmission-line input impedance will 
upset the bridge balance and will cause a meter indica-
tion which is related to the magnitude of the impedance 
change. The conditions for balance with this bridge re-
quire that the product of the reactances equal the 
product of the resistances, i.e., 

XLA-c = RRo. 

A change in frequency causes the reactance of the in-
ductance and the capacitance to change in such manner 
that their product remains constant, i.e., RR0=L/C. 
From this it is readily seen that the circuit balance is 
independent of frequency. 
From another point of view, when the circuit of Fig. 

1(a) is balanced, it may be said to be unresponsive to 
energy in a wave traveling from the generator to the 
load, left to right, while the circuit of Fig. 1(c) is un-
responsive to energy in a wave traveling from right to 
left because this circuit is merely Fig. 1(a) reversed; i.e., 
the generator and load are interchanged. Each circuit 
is in effect a "directional coupler"' responsive only to 
energy flowing in a particular direction. 
We will now consider the application of this circuit to 

power and impedance monitoring. If the circuit is 
first balanced, and then the resistance R and rectifier 
meter transposed as shown in Fig. 1(c), the sample 
currents iE and ir will be equal in amplitude and will 
add in phase. Their sum will cause a current to flow 
through the meter which permits it to be calibrated as 
a wattmeter, the indication being responsive to both 
line-current and line-voltage variations. If the calibra-

1 W. W. Mumford, "Directional couplers," PROC. I.R.E., vol. 35, 
pp. 160-165; February, 1947. 

tion is carried out with a matched-line termination, the 
calibration holds with good accuracy for considerable 
departures from a matched load condition, as compared 
with the large errors involved when using the customary 
transmission-line ammeter or voltmeter to measure 
power absorbed by the load. 
The relative accuracies of power monitoring by means 

of the circuit of Fig. 1(c) and by the ammeter or volt-
meter method, as functions of transmission-line stand-
ing-wave ratio, are shown in Fig. 2. The ammeter or 
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Fig. 2—Inherent error in power measurement due to transmission 
line mismatch. (a) Current or voltage monitor, and (b) combined 
current and voltage monitor. 

voltmeter method involves a wide range of uncertainty 
between curves A and B in Fig. 2(a), depending on the 
position of the standing wave (phase of the reflection 
coefficient). The error will lie on a vertical line between 
curves A and B that intersects the abscissa at a stand-
ing-wave ratio corresponding to the mismatch. A deriva-
tion of these curves is given in Appendix I. 
The inherent error in the combined current and volt-

age circuit is shown by the curve of Fig. 2(b). A deriva-
tion of this curve is given in Appendix II. It will be seen 
that the error in this case is much smaller than that 
shown on Fig. 2(al and does not depend on the position 
of the standing wave. It is specific for a given standing-
wave ratio and always of one sign (positive). We will 
show later that even this relatively small error can be 
eliminated from our power measurement. 
The reason for this error may be explained with the 

aid of Fig. 1. When a transmission-line mismatch occurs, 
energy will be reflected back toward the generator, but 
the meter in Fig. 1(c) will not be cognizant of this re-
flection because the device is insensitive to energy propa-
gated in the reverse direction. Accordingly, the indica-
tion will be in error relative to the power dissipated in 
the load by the amount of energy reflected from the load. 
This error, in per cent, is precisely equal to that shown 
in Fig. 2(b). 
Now, if a second circuit is also provided in series with 

the transmission line, but connected as in Fig. 1(a), it 
will indicate any energy reflected from the load im-
pedance, and this indication corresponds exactly to the 
error in the other connection. Hence, by subtracting the 
power reading afforded by the arrangement of Fig. 
1(a) from that afforded by the arrangement of Fig. 
1(c), we eliminate the error and have a precise means 
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of measuring the power dissipated in the load regardless 
of its impedance. In addition to measuring the power 
dissipated in the load by subtracting the reflected from 
the incident power, the ratio of these two power read-
ings is a measure of the amount by which the transmis-
sion line is misterminated by the load impedance. The 
standing-wave ratio on the transmission line can be com-
puted from the following expression: 

s.w.r. — 
1 ± 4./PR/Pr 

1 — 4./PR/Pr 

The two d.c. circuits could be connected in series 
and poled so that their currents would be subtractive. 
The meter would then indicate directly the power dis-
sipated in the load. However, to accomplish this it 
would be necessary for the rectifier to have a linear 
relation between radio-frequency power and d.c. re-
sponse. The present application for this device does not 
appear to justify the extra apparatus and circuit com-
plexities required to obtain this linear characteristic, 
particularly since the same answer can be obtained by 
merely throwing a switch and mentally subtracting the 
readings. 
An arrangement of the two radio-frequency circuits 

in a section of coaxial transmission line, together with 
the d.c. switching and metering circuits, is shown in 
Fig. 3. These sampling circuits are arranged back-to-

TO TRANSMITTER-DISABLING 
CIRCUIT 

Fig. 3—Schematic diagram of the power and impedance 
monitor. 

back on a coaxial line and in a shielded enclosure. Each 
includes a transverse slot cut in the outer conductor of 
the coaxial line which constitutes an inductive im-
pedance in series with the line, and a circular plate 
which forms a capacitive impedance to the center con-
ductor. The switch S2 associated with the meter trans-
fers the meter from one sampling circuit to the other, 
so that the incident and reflected powers can be ob-
served on a single meter. This circuit arrangement also 
provides for a transmission-line protective device. A re-
lay is connected in series with the d.c. portion of the 
circuit that samples the reflected wave, so that, if the 
reflection exceeds a safe operating limit, the relay 
closes. This relay can be made to de-energize the trans-
mitter or, if preferred, to energize a warning device. 

The initial wattmeter calibration is accomplished by 
first determining the amount of radio-frequency power 
being delivered to a matched load at the operating fre-
quency. With the desired power being delivered and 
switches Si and S2  in position 1, the potentiometer 
(Pot. 3) is adjusted so that the meter indicates the true 
power being delivered to the load Pot. 3 is then sealed 
and not changed unless an apparatus change or operat-
ing-frequency shift is made. Switches S1 and S2 are then 
thrown to position 2, and Pot. 1 and Pot. 2 adjusted 
until the meter again indicates the power being de-
livered, and the relay sensitivity is properly set. This 
completes the calibration, and switches Si and S2 are 
thrown to position 1 for normal operation. 
A matched pair of germanium-crystal rectifiers is 

used in the metering circuit. With this type of rectifier 
and a d.c. circuit resistance of about 1000 ohms, the 
characteristics shown in Fig. 4 were obtained. Fig. 4(a) 

(a) 

10 

a 
z 

5 5 

1 
0. 

  GERMANIUM 

CRYSTAL RECTIFIER-

CHARACTERISTIC 

H 
5  10 

R r POWER - KILOWATTS 

R r POWER - KILOWATTS 
5  2  4  6  8  10  12 

(b )  1 LIII  I  11 111  11111  11111111 

POWER METER SCALE 

Fig. 4—Crystal-rectifier characteristic and corresponding 
power-meter scale. 

shows the relation of the d.c. current and radio-fre-
quency power, and Fig. 4(b) shows the calibrated meter 
scale corresponding to this relation. It will be noted 
that this scale is expanded in the lower power region, 
which is convenient because we are interested in ob-
serving both high and low powers with about the same 
accuracy. 
Convenient devices for use during the initial adjust-

ment of the line load impedance, and for determining 
the power flow during calibration of the wattmeter, 
have also been developed and incorporated as a part of 
this monitor. They consist of the items shown in Fig. 
5. Fig. 5(a) is a small Wheatstone bridge arranged so 
that it can be plugged into the end of a coaxial trans-
mission line. It is connected as shown in the schematic. 
The ratio arms R 2,  R 3 and the standard arm R1 are 
high-frequency resistors each equal to the characteristic 
impedance of the line. (Throughout this paper it is 
assumed that low-loss lines are used so that the phase 
angle of the characteristic impedance is negligible.) A 
small amount of radio-frequency power is supplied 
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through the input jack, and the load impedance at the 
far end of the transmission line is adjusted for a bridge 
balance. Owing principally to the compactness of the 
circuit, it is possible to adjust the input impedance of 
the line to the desired value with an accuracy better 
than 5 per cent at frequencies Jill jthelregion 41100 
megacycles and possibly higher. 

INSULATOR R, = R3 = Zo 

INSULATOR 

INNER CONDUCTOR 

R.F INPUT 
AND DC. OUTPUT JACKS 

BRIDGE COMPONENTS 
R.r INPUT 

FINGERS   
TO FIT COAXIAL LINE 

(a) 

PLUGS FOR INSERTION 
OF HIGH FREQUENCY 
VOLTMETER 

METAL 
BLOCK 

COAXIAL 
LINE 

Li RING 

AT BRIDGE BALANCE 
LINE INPUT IMPEDANCE = Bo 

(b) 
Fig. 5—(a) R.f. Wheatstone bridge, and (b) capacitance voltage 

divider. 

A capacitance voltage divider, as shown in Fig. 5(b), 
has been included in the assembly for use during the 
calibration of the wattmeter. The small cylinder, sup-
ported close to but insulated from the outer conductor, 
provides a capacitance C1 to the inner conductor of 
about 1 pufd. The sum C2 of the capacitance between 
this cylinder and the outer conductor, plus the volt-
meter input capacitance, and an adjustable external 
capacitance is made to equal about 100 µµfd. This volt-
age divider affords a convenient range for a vacuum-
tube voltmeter with high-power transmitters. It also 
permits the insertion of the voltmeter without affecting 
the line impedance or power, as would be the case if a 
voltmeter probe having 5 or 10 µµfd. were connected 
directly to the inner conductor. The divider can be 
calibrated by determining either the ratio of the 
capacitances C2/C1 or the ratio of the voltages V1/172 at 
much lower frequencies where high accuracies can be 
obtained. 
The accuracy of power and impedance measurements, 

as made with this power and impedance monitor, was 
checked experimentally by inserting it into a line be-
tween the output of a 100-Mc. transmitter and a water-
cooled resistance load (Fig. 6). This load was shunted 
by a transmission-line stub which was adjusted in 
length, thereby changing the terminal impedance to 
effect standing-wave ratios from unity to about 6 to 1. 

The power dissipated in the load was measured by the 
calorimeter method and the calorimeter checked by a 

STANDING WAVE 

DETECTOR METER 

VOLTAGE 
PROBE 

TRANSMIT TER 

POWER AND IMPEDANCE MONITOR 

VARIABLE  LENGTH 
SHORT —CIRCUITED 
STUB 

CALIBRATED 
CALORIMETER 

WATER—COOLED 

RESISTANCE  LOAD 

Fig. 6—Experimental arrangement for testing the power and 
impedance monitor. 

known 60-cycle power dissipation. A comparison of the 
power measurements made with the monitor and the 
calorimeter showed that they agreed to within 5 per cent 

TO POWER 
OUTPUT METER 

VOLTAGE -  I. 
DIVIDER TERMINALS 

TO TRANSMITTER DIu131 KG Oct 

vitEATSTONE 
BRIDGE 

Fig. 7—Experimental model of the power and impedance 
monitor with Wheatstone bridge. 

for standing-wave ratios up to about 2.5 to 1 and to 
better than 10 per cent for standing-wave ratios up to 
6 to 1. The standing-wave ratio on the line, as measured 
with the monitor, agreed closely with the values known 

Fig. 8—The power and impedance monitor with Wheatstone 
bridge inserted into transmission line. 
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to exist from a knowledge of the line terminal imped-
ance. 
This monitor has been assembled into a section of 

coaxial line together with the capacitance voltage di-
vider and a port for the insertion of the small Wheat-
stone bridge. Photographs of this assembly and the 
small bridge, as they will be supplied with high-power 
f.m. transmitters, are shown in Fig. 7 and Fig. 8. Fig. 9 

Fig. 9—An internal view of the power and impedance monitor. 

is an internal view showing the voltage and current 
pickups. 
The authors wish to acknowledge the valuable as-

sistance of their associates at the Bell Telephone Labo-
ratories. 

APPENDIX I 

Consider a transmission line of characteristic im-
pedance Zo terminated by a load impedance ZL. If ZL 
does not equal Zo, standing waves will appear on the line 
in which the line voltage (and line current) will vary 
periodically between maximum and minimum values. 
The standing-wave ratio (s.w.r.) is defined as follows: 

Emax  'max 
S. W.I. =   

Emin  /min 

The power in the load ZL is given by the expression 

EmaxErnin  Emax2 1  E m in2 

Pload =    X    X s. w.r. 
Zo Zo  s.w.r.  Zo 

Suppose that the power in the load is calculated from 
a measurement of line voltage. If the voltage probe is 
at a voltage maximum, the computed power is 

ATOM = 
E m ..2 

Zo 
The error in power determination (relative to the true 
power in the load) is 

Emax2 Emax2 1 
 X   

Pmax  Pload  Zo  Zo  S.W.T. 

Pload Ema x2 1 
 X   
Zo  s. w.r. 

Pmax  Pload 
  = s.w.r. — 1. 

Pload 

This errror, in per cent, is shown by curve A in Fig. 
2(a). When the probe is at a voltage minimum, the 
computed power is 

Praia = 

E m in2 

Zo 

The error in power determination is then 

Polio  Pload 

Ploaa 

Polio  Pload 

mm 
Zo  z—o X s.w.r. 

E rn in2 

  X s.w.r. 
Zo 

1  
1. 

Pload  s. w.r. 

This error, in per cent, is shown by curve B in Fig. 2(a). 
A similar analysis, involving the line current rather than 
voltage, yields identical results. 
If the voltage or current probe is not at a maximum 

or minimum point, the error in power measurement will 
be less than that shown by curve A or B in Fig. 2(a). 
Accordingly, vertical lines are drawn between curves A 
and B to indicate that the actual error may fall any 
place between limits given by these curves. 

APPENDIX II 

It has been shown that, when the combined voltage 
and current circuit is used as a wattmeter, it is sensitive 
only to energy incident upon the load. Let the incident 
power be PI and the power reflected by the load be PR. 
Then 

Pmeasured = Pr, 

Pload = Pr — PR, 

The error in power determination (relative to the true 
power in the load) is 

Proms  Pload 

and since 

Pload 

PR 1 

Pt — PR  PI 
— — 1 
PR 

Pr [s.w.r. 

PR  s.w.r. — I 

Proem  Pload  (s.w.r. — 1)2 

Pload 4 s.w.r. 

This error, in per cent, is plotted in Fig. 2(b). 



1948  PROCEEDINGS OF THE I.R.E. 217 

Resistor-Transmission-Line Ci rcuits* 
PAUL I. RICHARDSt, ASSOCIATE, I.R.E. 

Summary—Necessary and sufficient conditions are derived for a 
function to be the driving-point impedance of a physically realizable 
network consisting (essentially) of lumped resistors and lossless 
transmission lines. The circuits so developed are thoroughly prac-
tical for pure reactances and in many other special cases, but, in 
general, ideal transformers are sometimes required. A rigorous cor-
respondence between lumped-constant circuits and line-resistor cir-
cuits is established. This correspondence immediately extends the 
usefulness of a wealth of theorems and techniques. 

I. INTRODUCTION 

HROUGHOUT this paper we shall consider net-
works which are composed of lumped resistors 
and of lossless transmission lines whose electrical 

lengths are commensurable. Our goals are (1) to find a 
method of recognizing physically realizable driving-
point impedance functions for such networks, and (2) to 
construct at least one such circuit having a prescribed 
driving-point impedance. We shall thus be concerned 
with an extension of the well-known results of Brune' 
in the field of lumped constants. The word "impedance" 
will be used throughout only in the sense of "driving-
point impedance," unless otherwise stated. Except for 
the purely reactive circuits, it has, unfortunately, not 
yet been possible to eliminate ideal transformers in gen-
eral, so that these, too, must be allowed in the class of 
circuits to be studied. 
As is usual in this type of analysis,'•2 we shall find it 

convenient to introduce a complex frequency variable 
s=7-Fjco. The "real-frequency" axis is then the imagi-
nary $ axis, and it is on this line that the truly significant 
values of the network functions are assumed. The use 
of the entire complex plane, however, with the conse-
quent extension of the functions involved, enables the 
use of the powerful methods of the theory of functions 
of a complex variable. 

II. NECESSARY CONDITIONS 

It has been shown'.3 that any physical impedance 
whatever must have a positive real part in the right 
half-plane, 7  O. Then our first necessary condition is 

* Decimal classification: R117.11 X R143. Original manuscript re-
ceived by the Institute, March 12, 1947. This paper contains a por-
tion of the author's doctor's thesis, the research for which was carried 
on under the direction of Dr. P. LeCorbeiller at Harvard University. 

Brookhaven National Laboratory, Upton, L. I., N. Y. 
0. Brune, "Synthesis of a finite two-terminal network whose 

driving-point impedance is a prescribed function of frequency," 
Jour. Math. and Phys., vol. 10, pp. 191-236; October, 1931. 

2 H. W. Bode, "Network Analysis and Feedback Amplifier De-
sign," D. Van Nostrand Co., New York, N. Y., 1945. 

3 P. I. Richards, "General impedance-function theory," Quart 
4ppl. Math., scheduled for publication, January, 1948. 

R  0 in 7  0 

where R =real part of Z. 

Since only transmission lines and lumped resistors 
(and ideal transformers) are involved in the circuit, Z will 
be a rational function of factors of the form e". More-
over, the restriction that the line electrical lengths be 
commensurable insures that only terms of the form 
e"a•= (eas)n will appear, where a is an appropriate funda-
mental phase parameter, and n is an integer. Hence, our 
second necessary condition is 

Z(s) = rational function of ea'.  (2) 

III. CHANGE OF THE FREQUENCY VARIABLE 

Let us define a new frequency variable by the equa-
tion 

eas  1 

S(S) = tanh (as/2) =  =  ja  (3) 
eas + 1 

We can then solve for et= (1 -FS)/(1 —S); if we sub-
stitute this value for ea' into the impedance function, we 
obtain from (2) 

Z = rational function of S.  (4) 

Moreover, it is easily verified that the complex func-
tion S has a positive real part r whenever .y  In 
other words, (3) maps the right-half of the s plane into 
the right-half of the S plane. Thus, from (1), 

R  0 in r o. (5) 

Of course, this mapping is not one-to-one, but the 
multiple-valuedness of the inverse corresponds merely 
to the periodicity of Z by (2). 

IV. SUFFICIENCY OF (1) AND (2) 

Consider the new variable S as the independent fre-
quency variable. The conditions (4) and (5) have been 
shown by Brune' to be both necessary and sufficient for 
Z to be a physically realizable lumped-constant imped-
ance. 
Using Brune's method, let us develop this lumped-

constant impedance. This development will, in general, 
yield a circuit containing inductive tees with one nega-
tive element (equivalent to a pair of perfectly coupled 
coils). These may be replaced, however, with induct-
ances and ideal transformers by means of the equiva-
lences shown in Fig. 1. The lumped circuit will then 
contain only positive L, R, C, and ideal transformers. 
Now replace each inductance L by the input of a 

short-circuited line of electrical length ac/2 (c= velocity 
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of light) and of characteristic impedance L, and replace 
each capacitance C by an open-circuited line of electrical 
length ac/2 and of characteristic impedance 1/C. The 
result will be to replace the impedances Ls and 1/Cs by 
the impedances L tanh (as/2)=LS and 1/CS. Thus the 
lumped-constant circuit will go over into a network hav-
ing exactly the required impedance, and sufficiency of 
(1) and (2)—or their equivalents, (4) and (5) —has been 
proved. 

LL a+ L,  L3+ 1_2 L3 0 

La >0 ,  t 0 

L+L) 

 0 

Fig. 1—Equivalents of perfectly coupled coils. 

The circuit produced by the above procedure will, 
in general, involve the eminently impractical ideal 
transformer. For pure reactances and in other special 
cases these may be eliminated, as will be discussed later. 
However, no completely successful general method of 
elimination has yet been found. 

V. CORRESPONDENCE WITH LUMPED CIRCUITS 

The last section shows that a completely rigorous cor-
respondence exists between the driving-point imped-
ances of circuits of the type under consideration and 
those of lumped constants. This immediately makes 
available a wealth of material. By use of the corre-
spondences 

S-plane 
(lumped nets) 

S = 00 

s=o 

ito 

du) 

s-plane 
(line-resistor nets) 

s = jrla 

s = 0 

j tan (wa/2) 

ado.) 

2 cos2 (wa/2) 

(6) 

many lumped-constant theorems may be "translated" 
into theorems about line-resistor networks. For exam-
ple, Bode's well-known "phase-area law"' becomes, for 
line-resistor circuits, 

rcor/2 
to,-0  Xd (log tan 42-) = 2-r— (R  — R(0)). 

2  2  a 

Again, if the circuit is purely reactive, 

dX 
—  a 
do) — 

X I 

sin awl . 

(7) 

(8) 

This correspondence may also be extended to side-
circuit or transfer properties. The appropriate equiva-
lence is shown in Fig. 2. (The line length (ac) appears, 
instead of (ac/2) as before, because transfer properties 
are only singly periodic in line lengths while input prop-
erties are doubly periodic.) The only restriction to be 
imposed is that the line section must be run in the bal-

z,, 

0 0 
0   

 ac   

L = Z. 

L = Z. 

Fig. 2—Side-circuit equivalence properties. 

anced condition, where the currents in the two conduc-
tors are equal and opposite. Thus, for coaxial lines, there 
must be no current traveling on the outer surface of the 
shield. With this restriction, any of our line-resistor net-
works can be replaced by an exactly equivalent lumped 
circuit. A conventional circuit analyzer may then be 
used, and the results translated back into terms of the 
true frequency merely by means of a table of tangents. 

VI. REACTIVE CIRCUITS 

From the work of Brune and Foster, it is known that 
the equivalent lumped circuit (and hence the final net-
work) will not contain ideal transformers if the circuit 
is purely reactive. This removes the greatest practical 
objection to the method of Section IV, but the circuit 
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may not yet be in a form enabling completely shielded 
construction. This objection may also be removed. 
Consider the impedance reduction represented by 

Fig. 3(a), where 

Z' = 
Z — SZi 

1 — — S 
Z1 

Z1 = (the value of Z at S = 1) 

(9) 

It may be shown' that Z' will again satisfy (1) and (2) or 
their equivalents, (3) and (4). Moreover, it may also be 
shown' that Z' is of lower degree than Z. Thus a repeti-
tion of (9) will eventually lead to an impedance which 
is merely a multiple of S or 1/S. 

err. i-rn p. 

(a) 

   - 

(b) 

Fig. 3.—(a) Fundamental step in reactance realization. 
(b) Canonical form for reactances. 

Any rectance of the type considered can be realized in 
the canonical form shown in Fig. 3(b). 
In actual calculation, Z' will at first appear to be of 

higher degree than Z. However, the factor (S2-1) will 
always cancel from numerator and denominator. This 
cancellation can be performed in a single step by the 
following device. To obtain a given coefficient in the 
result, add the corresponding coefficient of the original 
to the previous coefficient of the result. For example, 

S7 + 3S5 — 2.53 — 2S  S5 + 4.35 + 2S 

S' + 2S' — 2S2 — 1  S'  3S2 + 1 

The rule may be proved by observing the results of the 
process of synthetic division. 
Of course, the canonical form of Fig. 3(b) is not the 

only shielded circuit which has the prescribed reactance. 
For instance, a zero of Z may be removed at any stage 
in the procedure. The resulting circuit will then have 
several stubs connected in shunt across the main line. 
This flexibility may be of considerable assistance in 
meeting mechanical or other practical requirements. 

4 P. I. Richards, "A special class of functions with positive real 
part in a half-plane," Duke Math. Jour., September, 1947. 

An interesting reciprocity theorem applies to the 
canonical form of Fig. 3(b). Namely, it is easily seen 
from (9) that if we are required to realize a new react-
ance equal to R02/Z, where Z is the old reactance and 
Ro a (real) constant, then the new canonical circuit can 
be obtained from that for Z by (a) reciprocating each 
characteristic impedance with respect to Ro, and (b) 
changing the final short- (open-) circuited to an open-
(short-) circuited termination. 

VII. ELIMINATING IDEAL TRANSFORMERS 

It is known' that the procedure of (9) and Fig. 3(a) 
will always yield a physically realizable Z' of no higher 
degree in S than Z. (A factor (S-1) will always cancel.) 
Moreover, Z'(S) will be of lower degree than Z(S) if, 
and only if, Z(-1)= —Z(1). 
In view of this fact, if for all co 

R  Ro 1(Z(1)  Z(— 1))  0, 

then we may remove a series resistor Ro and apply (9) to 
obtain a Z' of lower degree than Z. If this is not pos-
sible, it may be that the same method can be applied 
to Y= 1/Z (removal of a shunt conductance). In gen-
eral, however, both may fail. Occasionally either may 
succeed after a few applications of (9), but again this 
will not always happen. Despite the lack of generality, 
however, these methods are often of considerable assist-
ance. 

(a) 

• 

- 2/3 R o 

T  ••• 
(b) 

Fig. 4—(a) A minimum-resistance—minimum-reactance circuit. (b) 
The first section of the Brune development of (a) if all elements 
there are given the value of unity. 

The above devices will almost never be applicable to 
"minimum-resistance—minimum-reactance"  functions; 
that is, functions that have no resonances but which 
have zero resistance at some frequency. These functions 
will always require mutual coupling in the Brune repre-
sentation. This does not mean, however, that such 



220 PROCEEDINGS OF THE I.R.E.  February 

coupling is inevitable. For example, the circuit of Fig. 
4(a) has an input impedance of the minimum-resistance-
minimum-reactance type. The first section of its Brune 
development is shown in Fig. 4(b). While the latter 
form would require ideal transformers in the line-resistor 
equivalent, the former goes into the very practical cir-
cuit shown in Fig. 5. 

Fig. 5—Line-resistor equivalent of Fig. 4(a). 

Thus it appears that there may be hope of eventually 
finding a general way of eliminating ideal transformers. 
The principal difficulty appears to be that the presence 
of an ideal transformer does not affect the mathemati-
cal form of the impedance in any easily detectable 
manner. 

VIII. DISCUSSION 

The reader has undoubtedly noticed that the present 
theory derives its simplicity from two postulates defin-
ing the class of circuits studied. Without these postu-
lates the simple statements (2) and (4) cannot be made. 
The assumption that the lines are lossless is no great 

bar to practical application. First, these losses are well 
known to be extremely small and, for a host of practical 
problems, may be entirely neglected. Second, the fol-
lowing device for including small losses may be carried 
over from the theory of lumped circuits: Let r, /, g, c be 
the series resistance, series inductance, shunt conduct-
ance, and shunt capacitance, all per unit length, for a 
given line. Assume, as a first approximation, that for all 
lines in the circuit (g/c) = (r/l) =d and that d has the 

same value for all the lines. Then the propagation con-
stants and characteristic impedances may be written: 

-V(r  1s)(g  cs) = (s  d)v/T-c-

/r + Is  A 

g  cs  V c 

Thus the circuit behavior can be reduced to the lossless 
case by the familiar device of changing the frequency 
variable. Note that this change must be made in the 
(true frequency) s plane and not in the (equivalent) S 
plane. 
Our second fundamental postulate requires that the 

electrical lengths of the lines be commensurable. Al-
though most engineers will feel that this is not a serious 
practical consideration, it ought to be mentioned that 
application of the theory to a noncommensurable circuit 
assumes not only convergence but uniform convergence.5 
The reader will note immediately that the restriction 

is an "unnatural" one. In truth, given two actual lines it 
would be impossible to determine whether their lengths 
were commensurable; ever-present experimental error 
would always limit us to a finite range of ratios, within 
which there would always lie both rational and irra-
tional numbers. The reason why the mathematical the-
ory asks a question which experiment cannot answer 
lies, of course, in the fact that the simple theory ignores 
the "smoothing" effect of discontinuity reactances aris-
ing at the junction of dissimilar lines. In general, prob-
ably no actual physical impedance will be periodic in 
frequency. 
Yet our theory is rooted in an assumption of perio-

dicity. The author feels that this is no serious objection 
to its physical meaning. A similar situation arises in 
lumped-circuit theory, where lead inductance, distrib-
uted capacitance, and radiation are neglected. This is 
unimportant for most purposes, but at the same time 
insures that the impedance function will not be correct 
for high frequencies. Yet the mathematical theory treats 
Z as having physical meaning beyond the frequency of 
visible light and, indeed, at s = 00. As usual, a theory 
both tractable and useful has been achieved by idealiz-
ing the physical facts in such a way that there are no 
heuristic difficulties or internal contradictions. It is felt 
that the same is true of the present theory. 

1 This was pointed out by P. LeCorbeiller. 
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Currents Excited on a Conducting Plane by a 
Parallel Dipole* 

BEVERLY C. DU-NN, JR.t, ASSOCIATE, I.R.E., AND RONOLD KINGt, SENIOR MEMBER, I.R.E. 

Summary—An analysis is made of the distribution of magnetic 
field and of current on the plane surface of a perfectly conducting 
infinite sheet due to a driven half-wave dipole parallel to the sheet. 
The analysis is based upon the following assumptions: (a) the axial 
distribution of the amplitude of the current in the dipole is cosinu-
soidal with respect to the midpoint; (b) the relative phase of the cur-
rent in the dipole is constant; and (c) the interaction between cur-
rents on the conducting plane and in the dipole does not significantly 
alter the assumed distribution of the current along the dipole as this 
is moved relative to the plane. It is found that, independent of the 
distance of the dipole from the surface, the tangential magnetic field 
at the plane surface is everywhere perpendicular to the direction 
specified by the axis of the dipole, while the current in the plane is 
everywhere parallel to this direction. Expressions are derived for the 
relative amplitude and phase of the magnetic field and the current in 
the plane referred to the input current of the dipole. A fairly com-
plete set of graphs is included showing the behavior of these expres-
sions for six different distances b of the dipole from the surface; 
namely, b =0.02X, 0.05X, 0.125X, 0.25X, 0.5X, and X. The validity of 
the initial assumptions when applied to physically possible dipoles is 
discussed briefly. 

INTRODUCTION 

THE DISTRIBUTIONS of current on conducting 
surfaces driven by various devices such as dipoles, 

  slots, etc., are largely unknown. As a step in their 
determination, a relatively simple problem has been 
solved; namely, that of calculating the distribution of 
the magnetic B field and the surface-current density on 
a perfectly conducting surface of infinite extent excited 
by a half-wave dipole mounted parallel to the surface. 

I. THEORY 

In setting up the problem it is noted that the mag-
netic B vector amplitude in the space surrounding an 
isolated dipole has only a 0 component (Fig. 1): 

7) 3 = Bee.  (1) 

Under the assumptions (a) that the length of the dipole 
is exactly one-half wavelength (2h =X/2) ; and (b) that 
the instantaneous current at any point along the dipole 
is given by 

i = I. cos 13oz cos cot 

= Real part [/„, cos Poz exP (2) 

• Decimal classification: R120. Original manuscript received by 
the Institute, April 5, 1947. The research reported in this document 
was made possible through support extended Cruft Laboratory, 
Harvard University, jointly by the Navy Department (Office of 
Naval Research) and the Signal Corps, U. S. Army, under ONR 
Contract No. N5ori-76, T.0.1. 
t Cruft Laboratory, Harvard University, Cambridge, Mass. 

Bo is given by' 

Be = 
ir. 
477vor 

exp ( — .h3oRih)  exP ( — ii3oR2h)1 • (3) 

In these expressions vo is the reluctivity of space and 
equals 1/47r X 107meters/henry ;r is the cylindrical radial 
co-ordinate of the point P at which Bo is evaluated; 
Rin and R25 are the distances between the extremities of 
the dipole and P; (30 is the phase constant for free space 
and equals 27r/X. The current amplitude in the dipole 
is cosinusoidally distributed with a maximum value 

Beg 

Fig. I—Intermediate-zon • geometry for the half-wave dipole. a =ra-
dius of dipole. d =distance between input terminals. 

I. at the center (z =0), and the value zero at the ex-
tremities (z = + h = +X/4). The relative phase of the 
instantaneous current i is constant along the conductor 
and equal to the phase of the instantaneous current at 
the midpoint. Henceforth the relative phase of current 
and magnetic field on the conducting surface will be 
referred to the constant phase of the current in the 
dipole. 
It is important to note that (3) is perfectly general for 

a half-wave dipole with the assumed current distribu-
tion. For a point P in the radiation zone defined by 

)30R » 1 

1 An as-yet-unpublished formula due to R. W. P. King. The cor-
responding expression for half the antenna is given by G. H. Brown, 
"Directional antennas," PROC. I.R.E., vol. 25, p. 145, Eq. (193); 
January, 1937. In the Brown formula it is necessary to set B=0, 
G=T/2. 
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where R is the radial distance to P in spherical co-
ordinates, (3) can be simplified to give the usual ap-
proximate expression for the radiation B field of a half-
wave dipole. In the form given, however, it is valid in 
the induction and intermediate zones for which R is 
too small to satisfy the above inequality. Since the 
present analysis will inquire into the behavior of the 
B field at points within a few wavelengths of the dipole, 
the exact expression (3) is required. 
The problem can be set- up with the aid of Fig. 2. 

The infinite, perfectly conducting surface is taken to be 
the y-z plane, and the half-wave dipole is parallel to 
the z axis with its center at the point (b, 0, 0). In cal-
culating the surface density of current on the conducting 
plane at a point such as P(0, y, z), the magnetic B vector 
is first determined at P. The surface current is then 
determined from .the boundary conditions obeyed by 
the B vector at the surface of a perfect conductor. It is 
assumed that the mutual coupling between the per-
fectly conducting plane and the dipole does not alter 
the assumed current distribution along the dipole given 
by (2) as the distance between the dipole and the plane 
is varied. A discussion of this assumption, together 
with those regarding the distribution of current along 
the dipole, will be given at the end of this paper. 

y'f 

P: ( 0,y, z) 

z / 

r.(b-, -1111 

0 

I / 

IMAGE 
b -01 
DIPOLE 

Fig. 2—Intermediate-zone geometry for the half-wave dipole 
mounted parallel to an infinite, perfectly conducting plane. 

In computing the B vector at P, use is made of the 
theory of images, which proves that the combination of 
the perfectly conducting y-z plane and the dipole is 
equivalent at all points in the infinite half-space de-
fined by (0 5x 5 00 , y, z) to the situation actually shown 
in Fig. 2. Here the infinite surface has been replaced 
by an image dipole exactly like the actual dipole in 
physical dimensions and orientation but with its center 
at the point ( — b, 0, 0). Furthermore, the currents at 

corresponding points in the dipole and its image are 
equal in amplitude but 180° out of phase. 
Thus, for any point P(0, y, z) in the y-z plane of 

Fig. 2, a vector diagram can be drawn similar to that 

POSITIVE +32 
DIRECTION 

IMAGE 

r.(b 2 ty2rI" 

Fig. 3—Vector diagram at a point P in the y-z plane of Fig. 2. 

in Fig. 3, where the x-y plane is shown. The positive z 
axis is directed upward from the paper at 0. Although 
drawn in the x-y plane at (0, y, 0) in the figure, the vec-
tor diagram actually belongs at the point (0, y, z) at a 
distance z above the plane of the paper. The individual 
B vectors are oriented correctly to take account of the 
180°-out-of-phase relationship of the currents on the an-
tennas. The magnitudes Bel and BX2 are equal as shown, 
since the dipoles carry currents of equal magnitude and 
P is equidistant from corresponding points on the two 
dipoles. 
It is clear from Fig. 3 that at any point in the y-z plane 

the resultant B-vector amplitude is given by 

B. = B.1+ B.2 = 0 

B,, = Bo ± Bo = 2B„1 

B. = 0. 

(4) 

Since Bol is drawn in the negative 01 direction in Fig. 3, 

= Bel cos 01 = — Bel cos 02 = — Bel —  (5) 

with Bol as given by (3). Noting from Figs. 2 and 3 that, 
in (3), 
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Rik }  
=  [r2 +  (z :F_ 11)111 2 =  [b2 -r y2 h)21112 , (6) 

R2h 

and using (4) and (5), 

jr,,,b 
Bv=   lexP (-00R1h)d-exP (—i0oR20.1 

271-por2 

jI„,b 
  {ex') [-00(b2+ y2+ (z — h)2)112 ] 
27rvo(b2+ Y2) 

+exp [— j6o(b2-1- y 2 + ( z +  11) 2 ) 1 / 2 ] 

The instantaneous value of B, is then given by 

(B) ;net= Real part [Bv exp (icet)] 

I„,b 

27p0(b2+ y2) 

+sin [wi _00(b2+ ya+ (z+ h)2)1/2] I  (8) 

By means of familiar trigonometric identities and some 
rearranging, (8) can be put in the form 

(7) 

I sin  [6.4 _130(b2 + y 2 + (z _ h)2)1/2] 

(B5)18tn, =  I„, A cos (cot — 
213,0X   

with the relative amplitude A and relative phase angle 
4) given by the dimensionless expressions 

2bX 
A =  cos  4[1%02 ± y2 +  (z 1)2)112 

b2 + y2 

—  0(112 +  y2 +  (z 1)2)1121 

4, =  [flo(b2 ±  y 2 +  (z 102)112 

+  13 (1,2 +  y 2 +  (z 10 2)1 I 21 +  72_1 

Having thus obtained (4) and (9), which define the 
properties of the B vector at the perfectly conducting 
surface (y-z plane), the boundary condition on the tan-
gential component of the B vector may be applied in 
order to determine the surface density of current on the 
surface. Since the B vector is wholly tangential to the 
surface and is directed parallel to the y axis at all points, 
the boundary condition can be written in a suitably 
specialized form as follows :2 

(9) 

(10) 

vo[ — e, (B,)inat.9] = — /inet  (12) 

where iinet is the instantaneous vector density of surface 
current. Hence, 

= vo( Ninitk, 571 = vo(By)in.ti = Li,  (13) 

or, with (9), 

I„, 
1, = vo( Nine. = — A cos (04 — (1))• 

2rX 
(14) 

Thus it has been shown that at all points on the con-
-) 

ducting plane the positive directions for Bin.t. and limit 

—o 
1 The notation, [A, B], is used for the vector or cross product of 
—o 

4 and B. 2and j are unit vectors. 

are respectively the positive y and z directions. Further-
more, these two quantities are characterized by the same 
relative amplitude A and angle of relative phase lag cb 
with respect to the current on the dipole. 

II. GRAPHICAL RESULTS 

In the graphs which follow, the j;elative amplitude A 

and the relative phase angle O. of Bin.t, and /him. (see (10) 
and (11)) have been plotted against y and z in terms of 
the distance of the point P in wavelengths from the ori-
gin. The curves are shown only in the first quadrant of 
the y-z plane, since, according to (10) and (11), A and 
cb, and consequently Bi.e. and Tnat, are symmetrical in 
both the y and z axes and hence in the origin. 

4 

g 

as 

ao 

as 

o 

15 

ID 

as 

0   •  
hp•ipoLE 05  10  15  20  25  30 

DISTANCE IN WINELENGTHS ALONG Y-AXIS 

Fig. 4—Contours of constant relative amplitude for surface current 
density and magnetic field on the surface; b =0.125X. 

A somewhat more extensive set of curves was com-
puted for a dipole spaced one-eighth wavelength (b 
= 0.125X) from the conducting plane than for other spac-

DISTANCE IN WAVELENGTHS ALONG Y-AXIS 

Fig. 5—Contours of constant relative phase for surface current 
density and magnetic field on the surface; b =0.125X. 

ings. These are shown in Figs. 4 through 7, in addition 
to being represented in the figures following Fig. 7. Con-
tours of constant relative amplitude and phase (in de-
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grees) are plotted in Figs. 4 and 5. The half-wave dipole 
is shown schematically, and the values of the relative 
amplitude and phase at the origin are given. It is of in-
terest here to note that the amplitude contours have an 
approximately elliptical shape, the major axis shifting 
from the z axis to the y axis as one moves away from the 
origin. The phase contours have approximately the same 
shape as the amplitude contours close to the origin but 
become very nearly circular within a distance of some-
what over two wavelengths. 

Referring to (9) and (14), the expression A cos(cot —0) 
was computed for b = 0.125X and for two values of 1, 

DISTANCE IN WAVELENGTHS ALONG Y-AXIS 

(a) 

DISTANCE IN WAVELENGTHS ALONG Y-AXIS 

(b) 

Fig. 6—Contours of constant, instantaneous surface current density 
and magnetic field on the surface at (a) 2..0, and (b)  T/4; 
b=0.125A. 

namely, t =0 and I=T/4, where T is the period. The 
curves obtained are shown in Figs. 6 and 7; they repre-
sent the behavior of the relative instantaneous magne tic —0  —0 
B field, Bin'', and current, lima, on the surface. The plus 
and minus signs which appear on the figures indicate the 

sense of Bi.t and &it with reference to the positive y 
and s directions, respectively. 

A wave motion along the surface is clearly indicated 
by these figures. Thus, by means of appropriate con-
tours, Fig. 6 represents instantaneous pictures of this 
wave motion at two time instants a quarter-period 
apart; i.e., Fig. 6(a) for 1=0, and Fig. 6(b) for / = T/4. 
The contours of constant tin.t and Bines are shown as 
solid lines, with small numerals to indicate the relative 
magnitudes represented by the contours. In addition, 
the nodal and antinodal (crest) contours are indicated 
by the dotted and dashed lines, respectively. It is note-
worthy that along the loci defining the antinodes the 
peak absolute value increases from a minimum on the z 
axis to a maximum on the y axis, these values being in-
dicated by small numerals along the co-ordinate axes. 
It is for this reason that in three instances in Fig. 6(a) 
pairs of solid-line contours meet to form cusps whose 
apexes are located on antinode contours. It might be 
added that sufficiently close to the origin the variation 
of peak absolute value along the antinode contours is 
just the reverse of that described above; i.e., the maxi-
mum peak value lies on the z axis, and the minimum on 
the y axis. (This phenomenon is apparent from an in-
spection of Fig. 10, which will be described later.) 
For b = 0.125X, 1=0, and t = T/4, the expression A 

cos(ug —0) is shown plotted along the z axis in Fig. 7 
where the plus and minus signs have the same meaning 
as before. A curve which forms the envelope of the 
crests is shown dotted. This curve is simply a plot of A 
along the z axis; it appears again on Fig. 8 together with 
five similar curves for other values of b. Fig. 9 shows a 
similar set of curves representing the variation of the 
relative amplitude along the y axis. As indicated on 
these two figures, the curves correspond to six different 
spacings of the dipole from the conducting plane, these 
spacings lying in the range X/50 b X. In comparing 
the curves it should be noted that the input current 
amplitude /„, is the same for all curves on Figs. 8 and 9. 
It appears that the relative amplitude factor A de-

creases much more rapidly with distance from the origin 
along the y axis than along the z axis. In order to com-
pare the curves in Figs. 8 and 9 more accurately in this 
respect, they are shown replotted in Fig. 10 under the 
assumption that I„, in the dipole is so adjusted in each 
case that the amplitude product I„,A in (9) has the same 
value at the origin on the conducting plane for each 
value of b. It can be seen that while the relative ampli-
tude decreases, at first, most rapidly along the y axis, 
the rate of decrease also falls off more rapidly. For each 
pair of curves there is a definite point of intersection 
which approaches the origin as b increases. The location 
of a given point of intersection along the distance scale 
corresponds to the approximate radius of curvature of 
a nearly circular contour of constant amplitude (cf. Fig. 
4) for the given value of b. It was mentioned in the dis-

The fact that the point of intersection for b =0.125X does not 
follow this tendency is due to small errors in drafting, resulting 
from the fact that the curves have nearly equal slopes. 
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Fig. 9—Relative amplitude of surface current density and mag-
netic field along the y axis for six values of b. 
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Fig. 10—Comparison of the relative amplitudes of surface current density and 
magnetic field along the y and z axes for six values of b. (For each value 
of b the "dashed" line lies below the "solid" line on the right.) 
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Fig. 11—Relative phase of surface current density and magnetic field along 
the y and r axes for three values of b. (For each value of b the "dashed" 
line lies below the "solid" line.) 

cussion of Fig. 4 that the contours of constant amplitude 
are of an approximately elliptical shape, with the major 
axis oriented akin' the z axis for the contours near the 
origin, and then along they axis for the contours further 

b • 3. 
out. Therefore, the nearly circular contour mentioned  450 
here represents the transition between these two effects. 
The behavior of the relative phase (11) along the y 

and z axes is shown in Figs. 11 and 12. Here again curves 
are plotted for the same six values of b mentioned before. 
However, for clarity, the pairs of curves for only three 
values of bare shown on Fig. 11; while on Fig. 12, all six 
pairs of curves are plotted to an expanded scale which 
covers only the region within one wavelength of the ori-
gin. 
It appears that all curves approach each other as the 

distance from the origin increases. As would be expected, 
it can be shown quite easily from (11) that all of the 
curves approach from above the asymptotic line given 
by 

2r  7 

=  

X  2 
(15) 

d being the distance in wavelengths from the origin 
along either the y or z axes. Clearly the curves approach 
this asymptote the more rapidly, the smaller the value 
of b. 
The fact that the slopes of all curves decrease as the 

b • 0.251, 

200 

b • 0.125N. 

b  0.05a. 

b • 0.02). 

150 

0 04 0.8 0.8 0.2 1.0 

Distance in wavelengths along y- or a-axis 

Fig. 12—Relative phase of surface current density and magnetic 
field along the y and a axes in the vicinity of the origin; for six 
values of b. (For each value of b the "dashed" line lies below the 
"solid" line.) 



228 PROCEEDINGS OF THE I.R.E.  February 

origin is approached can be attributed to a phase veloc-
ity greater than the velocity of light, which increases as 
the origin is approached, and which becomes theo-
retically infinite at the origin. This can be shown quite 
simply in the following way. Referring to either (9) or 
(14), it is evident that a contour of constant phase be-
haves in time according to the relation 

cot — 4, = constant. 

Differentiating with respect to t, 

dcb 
-  = w. 
di 

(16) 

(17) 

If d4,/di is evaluated from (11) in terms of dy/di along 
the y axis (z = 0), and then in terms of dz/ di along the z 
axis (y = 0) ; and if the resulting expressions are substi-
tuted in (17), and the latter is solved first for dy/di and 
then for dz/dt, expressions of the following form are ob-
tained: 

dy  (b2+ y2 + h2)1/2 

(V 9)= —= c   (18) 
dt  y 

dz  2 
(17),= —di = c •   z-1-h  z—h  (19) 

 +   02+ (z+ hry/2  (b2+ (z_ h)2)1/2 

where ( V„)„ and ( U. are the phase velocities along the 
y and z axes, and c is the velocity of light or co/flo. It is 
at once evident that, while both expressions approach c 
asymptotically as y or z becomes large, they are consid-
erably greater than c for sufficiently small values of y or 
z and become infinite at the origin. 
To obtain expressions for the slopes of the curves ap-

pearing in Figs. 11 and 12, note that 

and 

cick  co = dcedt 

dy  dy/di  )„ 

dO  d4,/di  co 
=   

dz  dz/di 

(20) 

(21) 

Therefore, as the origin is approached the phase velocity 
along the y or z axis increases, and the slope of the curve 
decreases, becoming zero at the origin. It is interesting 
to note that the z-axis curve for the case b= 0.02X has an 
effectively zero slope almost out to z =0.2X. This is a 
necessary consequence of (19), for, when b2<<h2, ( V„), re-
mains effectively infinite out to a value of z which lies in 
the range 0 <z <h but which no longer satisfies the in-
equality 

b2 << (z — h)2. 

Thus, as b approaches zero, the z-axis curve in Figs. 11 
and 12 has a sharper and sharper elbow; and the position 

of this elbow approaches z = h. This effect is discussed 
later from a physical point of view. 
It is also evident from Fig. 12 that as b approaches 

zero the relative phase 4) approaches r at the origin. In 
order to bring out this effect even more clearly, (1) from 
(11) is plotted as a function of bin Fig. 13 for y =z = O. 

Phase in degr
ees 

Distance in wavelengths of dipole from sheet 

Fig. 13—Relative phase of surface current density and magnetic field 
at the origin as a function of the distance of the dipole from the 
conducting plane. 

As before, it can be shown that this curve approaches 
from above the asymptote 

(22) 

as b becomes large. 
A corresponding plot at the origin of the relative am-

plitude A as a function of b is not included since such a 
curve would simply represent an inverse-first-power de-
crease, as is evident from (10) on setting y =z = O. 
The discussion of the graphical results is essentially 

complete at this point, but a few further remarks will be 
made on the interesting behavior of the relative ampli-
tude A and relative phase di along the z axis in the small 
interval —h  +h, which represents that segment of 
the z axis directly beneath the dipole. First, since a co-
sinusoidal distribution of current in the dipole was origi-
nally assumed, it might be expected that, as the distance 
of separation b becomes smaller and smaller, a plot of 
the relative amplitude A along the z axis and in the small 
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range under consideration should approach a cosine 
curve. That this is the case can be seen from Fig. 14 
where a curve, represented by cos floz, is shown together 
with two of the z-axis curves of Fig. 10, namely, those for 
b = 0.02X and b =0.125X. The distance scale along the 
axis of abscissas has been expanded ten times in com-
parison with that on Fig. 10 in order to include only the 
range of present interest, namely, 0 5z h= 0.25X. 
The behavior of the relative phase 4, along the z axis 

in the same range as b becomes very small has been dis-
cussed previously in terms of an essentially infinite 
pElase velocity. To repeat, the phenomenon in question 
is represented by the effectively horizontal portion of 

1111111111 0 9 ill ! A M M E R   

uIIi1iiiiitI 110 II  ..... MEE 
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1111111   111111 1111171‘401111 11111 11 I 111i 
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25 

Fig. 14—The relative amplitudes of surface current density and mag-
netic field along the z axis for b = 0.02s and b 0.125X, as compared 
with a cosine curve. 

the z-axis curves in Figs. 11 and 12 when b becomes 
small. 
From a physical viewpoint such an effect is to be 

expected since it has been assumed that the relative 
phase of the current along the dipole is constant, and 
since as b approaches zero the boundary condition (12) 
or (13) implies that the current along the z axis in the 
range —h z +h must be at all points oppositely di-

rected to the current at corresponding points along the 
dipole. 

CONCLUSION 

In conclusion a few words regarding the initial as-
sumptions are in order. These assumptions were: (a) the 
dipole is exactly one-half-wavelength long (2h =X/2); 
(b) the distribution of current amplitude along the di-
pole is cosinusoidal with respect to its midpoint; (c) the 
relative phase of the current along the dipole is constant 
but not necessarily that of the driving voltage; and (d) 
the effect of mutual coupling between the dipole and the 
perfectly conducting plane does not invalidate these as-
sumptions, even for very close spacings. Assumptions 
(b) and (c) are excellent approximations4•5 if it is as-
sumed that the radius a of the dipole and the distance d 
between the input terminals (Fig. 1) are both extremely 
small compared to the half-length. In fact, even in the 
case of a physically reasonable dipole, say h= 25a, the 
distribution of current amplitude is cosinusoidal to 
within approximately +3 per cent, and the relative 
phase of the current along the dipole is constant to 
within approximately ± 3 degrees. 
In order to discuss (d), let the infinite, perfectly con-

ducting plane be replaced by an actual physical dipole 
satisfying the image characteristics. That is, consider 
two parallel half-wave dipoles separated a distance 2b 
and driven in phase opposition. For two coupled, paral-
lel, half-wave dipoles, either or both of which may be 
driven, it has been shown° that when the separation dis-
tance 2b is not too small the input self-impedance of 
either dipole is not appreciably changed from the value 
it has for an isolated half-wave dipole; and, furthermore, 
that the mutual impedance computed on the basis of a 
first-order approximation to the correct current distri-
bution differs negligibly from that computed on the ba-
sis of a cosinusoidal distribution (with respect to the 
midpoint). In addition, it has recently been shown' that 
in the event the spacing 2b becomes small there is a 
gradual transition to the transmission-line case. This 
evidence can be interpreted as meaning that, independ-
ent of the spacing, the current distribution as assumed 
under (b) and (c) above is a reasonably good approxi-
mation to the actual distribution along either dipole in 
the presence of the other; hence, that assumption (d) is 
justified. 

4 Ronold King and Charles W. Harrison, Jr., "The distribution of 
current along a symmetrical center-driven antenna," PROC. I.R.E., 
vol. 31, pp. 548-567; October, 1943. 

6 R. King and D. Middleton, "The cylindrical antenna; current 
and impedance," Quart. App.. Math., vol. III, pp. 302-335; January, 
1946. 
I Ronold King and Charles W. Harrison, Jr., "Mutual and self. 

impedance for coupled antennas," Jour. Appi. Phys., vol. 15, pp. 
481-495; June, 1944. 

7 C. T. Tai, "Theory of coupled antennas and its applications," 
Sc.D. Thesis, Graduate School of Engineering, Harvard University, 
1946; Technical Report No. 12, Cruft Laboratory, Contract N5ori-76, 
T.O. 1. 
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Experimental Determination of Helical- Wave Properties* 
C. C. CUTLERt, ASSOCIATE, I.R.E. 

Summary—The properties of the wave propagated along a helix 
used in the traveling-wave amplifier are discussed. A description is 
given of measurements of field strength on the axis, field distribution 
around the helix, and the velocity of propagation. It is concluded that 
the actual field in the helix described is slightly weaker than would 
be predicted from the relations presented by J. R. Pierce for a hy-
pothetical helical surface. 

INTRODUCTION 

RECENT PAPERS'- have described a traveling-
wave tube in which the circuit consists of a helix 
through which a beam of electrons is passed. 

Equations describing the electromagnetic wave on the 
helix have been developed for an idealized thin helical 
surface.' One might expect the field at a distance from a 
helix of finite wire size and pitch to be essentially of the 
form described for the idealized case, but the field would 
certainly be different in the vicinity of the wire. The 
quantity of interest in the traveling-wave tube, i.e., the 
longitudinal electric field for unit power propagated, 
might be smaller because of the increased field concen-
tration near the wires, or greater because of the space 
occupied by the wires, within which there can be no 
field. Also, in using the equations there is a question as 
to what should be taken as the effective radius of the 
helix. Consequently, a program was undertaken to de-
termine these factors experimentally. 

MEASUREMENT OF WAVE PROPERTIES 

The velocity of propagation on a copper helix of the 
size used in the 4000-Mc. traveling-wave amplifier was 
measured over a range of frequencies from 625 to 8220 
Mc. by measuring the wavelength of the standing-wave 
pattern on a helix terminated by a metal plate. 
In order to facilitate measurement of field strengths 

a scale model of the helix was made, scaling up by ap-
proximately a factor of seven, and field measurements 
were made at a frequency of 560 Mc. This gave a mean 
helix diameter of 3.38 centimeters, around which it was 
found possible to make measurements with electric and 
magnetic probes without greatly distorting the fields. 
The field configurations were measured using a carefully 
balanced dipole and a small loop antenna, such as are 
sketched in Fig. 1. Considerable difficulty was experi-

• Decimal classification: R339.2 X R271. Original manuscript re-
ceived by the Institute, April 10, 1947; revised manuscript received, 
July 2, 1947. Presented, 1947 I.R.E. National Convention, March 4, 
1947, New York, N. Y. 
t Bell Telephone Laboratories, Inc., Murray Hill, N. J. 
I R. Kompfner, "The traveling-wave tube as amplifier at micro-

waves," PROC. I.R.E, vol. 35, pp. 124-127; February, 1947. 
J. R. Pierce and L. M. Field, "Traveling-wave tubes," PROC. 

I.R.E., vol. 35, pp. 108-111; February, 1947. 
J. R. Pierce, "Theory of the beam-type traveling-wave tube," 

P ROc. I.R.E., vol. 35, pp. 111-123; February, 1947. 

enced in obtaining a balance in the dipole such that the 
currents on the coaxial transmission line connecting the 
probe did not affect the indication, but no such difficulty 
was experienced with the loop. 

 0.476 

A  2.90 

FO.14  H  1.— 0.34 
0.917 14— 

0.45 

1CM 

ALL DIMENSIONS 
IN CENTIMETERS 

Fig. 1—Helix and probes for field measurement at 560 Mc. (a) Helix, 
(b) loop, (c) balanced dipole, and (d) neon tube. 

To determine the absolute value of the field strength, 
a waveguide, coaxial transmission line, and a helix were 
connected in tandem, and the impedance of each care-
fully matched. The fields were then compared in the 
three systems with the dipole and loop probes, using a 
bolometer detector. In order to remove any doubt as to 
the effect of the coaxial line associated with the probes 
on the field itself, a tiny gas-discharge tube, about 5 mm. 
in diameter, was also used to measure the axial electric 
field. 
It was found that the field required to initiate the 

gas discharge was rather inconsistent but that the field 
strength at extinction was consistent to within 5 per 
cent, which was sufficiently accurate for this purpose. 
The comparisons were made by mounting the tube at 
the position to be measured, monitoring the power level 
with a bolometer loosely coupled to the circuit, and 
varying the power level at the generator. For each obser-
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vation, the oscillator level was raised to produce a dis-
charge in the tube and then slowly lowered and the level 
recorded at the moment the discharge ceased. 
The theoretical relation between electric or magnetic 

field and total transmitted power for the transmission 
systems used is given in Appendix B. 

DISCUSSION OF HELICAL-WAVE PROPERTIES 

From the measurements and the equations in the ap-
pendix, the following properties of the wave on a helix 
may be deduced: 
1. It was found that the electromagnetic field clings 

very closely to the helix. The energy is effectively 
trapped, or guided, by the circuit and there is no tend-
ency of the helix to radiate; therefore, in many applica-
tions it is not necessary to shield the helix. Fig. 2 shows 
the distribution of the lines of force around the helix. 
The calculated and measured fields are compared in Fig. 
3 and Table I. The form of the field is given satisfactor-

Fig. 2—Field configurations around a helix. 

TABLE I 

Condition 
Calcu- 
lated 
Value 

Meas- 
ured 
Value 

Differ-
ence Probe 

Ez center of helix r  l 
2 15.6 db 14  db -1.6 db 

-3.4 db 

Dipole 

Neon 
tube 

_ 
LEI, 9 cm. f rom guide wall 
rEz center of helix 12 

12.3 db 8.9 db LEI, center of guide] 
[-Hz center of helix  12 

17.7 db 18  db 0.3 db Loop 
LHz outer wall of guidej 
[-Hz center of helix  if 

5.5 db 5.3 db -0.2 db Loop LI-14, outer wall of coaxial 
Waveguide dimensions  1.02 cm. X38.1 cm. 
Coaxial: 20=100 ohms, 2.54 cm. i.d. of outside conductor 
Helix: Mean radius-1 .69 cm. 

Wire diameter 41.0.475 cm. 

ily by the equations for the cylinder except for varia-
tions near the wire. The indicated circumferential elec-
tric field is stronger than calculated, probably because of 
difficulty in obtaining a sufficiently well-balanced dipole 
to discriminate against other field components. The 
longitudinal electric field within the helix for a given 
transmitted power is somewhat weaker than calculated, 
as indicated in Table I. 
It might be expected that the propagation would de-

part from theory at frequencies where the wavelength 
approaches the length of a circumference, because the 
physical helix would then radiate,4.5 whereas the hypo-
thetical surface used in the theory would not. This can 

FIELDS 

A LONGITUDINAL 

B RADIAL 

C CIRCUMFERENTIAL 

2  3 

-3 

•-• 

3  2  1  0  2 

DISTANCE FROM CENTER IN CENTIMETERS 

Fig. 3—Electric field strength around a helix. The solid lines are 
theoretical and the points are experimental. The probe was 
moved between turns, to the right, and directly opposite a turn 
of wire at the left. 

be seen by considering the contribution of current ele-
ments in the circuit to the field at a distant point. In the 
helix the adjacent current elements are restricted to the 
wire, and if the circumference is equal to the wave-
length they will be in phase and will contribute to give a 
finite field at a distance, whereas in the hypothetical sur-
face the current elements may be taken as close as de-

' H. A. Wheeler, 'Helical antenna for circular polarization," 
PROC. i.R.E., vol. 35, pp. 1484-1489; December, 1947. 
• J. D. Kraus, "Helical beam antenna," Electronics, vol. 20, pp. 

109; April, 1947. 
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sired in any case, and the net contribution of a long cir-
cuit to a distant field is very small. 
2. Within the helix, the fields are predominantly lon-

gitudinal. This is important because the longitudinal 
electric field is parallel to the electron stream and inter-
acts with the electrons to give gain in the traveling-
wave tube. 
3. The radial and longitudinal fields tend toward 

equality at points distant from the helix. In fact, for 
waves propagating much slower than the velocity of 
light, the field at a distance outside the helix may be 
represented approximately by a circularly polarized 
wave traveling with the velocity of light in a helical path 
with the same pitch angle as the helix. 
4. At high frequencies the wave progresses with a ve-

locity such as might be explained approximately as that 
of a wave following the helix at the speed of light. Thus 
the axial velocity v is slower than the speed of light by 
approximately the ratio of the axial to the helical length 
of the circuit. Fig. 4 is essentially a plot of relative ve-

2.2 
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1.6 

0 

0.8 

0.6 

04 

0.2 

\.„ 
0  05  10  1.5  20  2.5  30  35  4.0  45  50  55 

FREQUENCY [130 0 COT *1 

Fig. 4—Curve for propagation along a helically conducting cylinder 
which roughly shows the ration of the speed along the helical 
direction of the surface of the cylinder to the speed of light, versus 
a parameter proportional to frequency, radius, and pitch. 

locity against frequency, and was calculated from (13) 
using the mean radius of the helix for the radius of the 
equivalent cylinder. The measured velocity, indicated 
by the points, is in very good agreement with the theo-
retical curve over the greater part of the range shown. At 
relatively low frequencies, where the helix diameter is a 
small fraction of a wavelength, and the wave travels 
faster, the agreement with theory is not so good. It 
might also be expected that the helix properties would 
depart radically from the theory at very-high frequen-
cies where the wavelength approaches a circumference 
and radiation takes place. 
5. A wave reflected at a plane boundary tends to 

spiral in the wrong direction, and, if otherwise uncon-

strained, only a portion of the reflected energy follows 
the circuit while the remainder is radiated. The reflec-
tion properties are illustrated in Fig. 5, which shows the 
standing wave measured near the intersection of a helix 
and a plane conducting sheet, at 4000 Mc. The erratic 
nature of the curve near the end is caused by interfer-
ence between the guided and the radiated wave. Farther 
from the termination the curve shows the attenuation of 
the wave to be 0.18 db per inch, and by extrapolation to 
the end indicates a loss of about 0.07 db at reflection. 
The question might be raised as to whether the waves 

described are the only ones supportable by a helix. As a 
result of an extensive study over a wide range of fre-
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Fig. 5—Standing-wave pattern produced along a helix by 
intersection with a conducting plate. 

quencies, exciting conditions, and terminating condi-
tions, no wave other than the one described and an es-
sentially unguided free-space wave was detected. The 
latter wave may be reduced to a very small amplitude 
by appropriate launching and care in terminating the 
spiral waves, or by placing the helix inside a pipe too 
small to support other waveguide-type modes. 

CONCLUSION 

These investigations indicate that the spiral-wave 
solution described gives reasonably accurate results in 
the case of an actual helix of the proportions used in the 
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traveling-wave amplifier, and that the axial electric field 
is slightly weaker than calculated. 
The writer wishes to acknowledge his indebtedness to 

D. J. Brangaccio and R. S. Julian, who did much of the 
work described in this paper. 

APPENDIX A 

Equations for Wave Propagation on a Helix 

Twelve equations are required to define completely 
the wave3 guided by a hypothetical helical surface, i.e., 
a cylindrical surface conducting only in a helical direc-
tion making an angle NY with a circumference, and non-
conducting in the helical direction normal to this. The 
equations are given here for reference. 
Inside helix: 

Ez = BI0(7r)ei(wg-is.) 

Er = jB — 1i(7r)e'("') 
7 

10(7a)  1 
=  B  

I l(ya) cook 

B -y I0(7a)  1 
Hz -  j   I0(7r)ei(6"-si) 

'1 130 11(7a) cot'', 

B  10(7a) 
H, - 

7/ o Il('ra) 

B 130 
11, = j — — l(yr)0(wt-o.). 

I/ 7 

Outside helix: 

1 
 11(7r)eio"-so 
cot 

Io(ya) 
Ez = B  Ko(7r)ei("-P6) 

Ko (7a) 

Er = - jB 13 I°(7a)  Ki(-yr)ei("-Pl) 
7 Ko(7a) 

io(7a)  1 

=  B Kleya) cot  
 Ki(7r)e z) 

B 7 I0(7a)  1 
  K0(-yr)ei g-s.) Hz = j 

n (30 Ki('ya) cot 

B  I0(7a)  1 
Hr -   Ki(yr)ei("--02)  

77 130 Ki(ya) cook 

B Po ro(Ya)  
Ho =  j  , 7 K0(-ya) Kl(yr)ei(wi-6). 

Where /0, Ko, II, and KI are modified Bessel functions 
n= 1207r ohms, 13 =co/v, Clo =0)/c, 72 =132 -it a is the ra-
dius of the helix, v is the axial velocity, c is the velocity 
of light, and co is the radian frequency. 
The factor 7 may be obtained from the circuit dimen-

sions by the relation 

10(7a)K0(y0) 
(7a)2   = 090a cos 02.  (13) 

Ii(7a)Ki(7a) 

Fig. 1 shows /30/7 cot %If plotted againstgoa cot IP for this 
expression. Making the approximation of a wave propa-
gating slowly compared with the speed of light, so that 
13 and 7 are nearly equal, and IVO() is nearly equal to 
cot if, the equations may be simplified further. 

APPENDIX B 

Formulas Relating Fields to Transmitted Power 

Associated with any transmitted wave, there is a cer-
tain transmitted power P. At any point in the field of 
such a wave the quantities EVP and H2/P, where E and 
H are any components of the field, are properties only of 
the geometry of the field. They have dimension of ohm 
cm.-2 and mho cm.-2 if E and Hare volts per centimeter 
and amperes per centimeter. These quantities have been 
evaluated for the transmission systems described in this 
paper in order to relate the fields in the transmission 
systems used. 

Equations Relating Field and Power in the Transmission 
Systems Compared 

Helical cylinders :a 

E 2 74 
= — F3(7a)  (14) 

P 

Hz'  76 102(7 a) 1 
(15) 

P  13 0 - n2003 112(7a) cot2 F2(7a), 

where 

ela)  = 240 
(7a)2  P  - 1012)(1 + -11-0,K0 

racov . 
±(-12)2(K0K2 — K12)(1+ Kiro)K, 

(16) 

Coaxial line, at radius r from axis of symmetry of line 
of characteristic impedance R ohms: 

E,2 n2 1 
 =  
P  272 r2R 

1/02 1  1 
=  . 

P  272 r2R 

(17) 

(18) 

TE10 rectangular wave guide, cross section a and b with 
field measured at distance x from side of guide: 

E„2 Xg 1  rx 
  = 471 — — sin2--
P  X ab  a 

Hz2 XXg  7x H.2 4 X 1  rx 
cos2 —  —  = — — — sin2— • 

•  neb  a  P  j Xg ab  a 

(19) 

(20) 
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A Tunable Vacuum-Contained Triode 
Oscillator for Pulse Service* 

C. E. FAYt, SENIOR MEMBER, I.R.E., AND J. E. WOLFEt, SENIOR MEMBER, I.R.E. 

Summary—A tunable push-pull triode oscillator is described in 
which the vacuum-tube components and the entire r.f. portion of 
the oscillator circuit are contained in an evacuated metallic envelope. 
A terminal is provided for coaxial output into a 50-ohm transmission 
line. The oscillator was developed for the frequency range of 390 to 
435 Mc. and is tunable by mechanical means continuously through 
this range. Pulse power of above 4 megawatt is obtained with pulse 
voltages of 15 to 17 kilovolts applied. 

INTRODUCTION 

THE PRODUCTION of high pulse power for 
radar purposes at frequencies below approxi-
mately 600 megacycles was a problem to which 

considerable of the war effort was devoted. The de-
velopment of the multicavity magnetron' solved the 
problem of high pulse power very satisfactorily for fre-
quencies higher than this value, but the size of the mag-
netron and its difficulties at lower frequencies became 
burdensome, especially when the necessary magnetic 
field was considered. 
The use of conventional triodes in multitube circuits 

was an obvious expedient which was resorted to in 
early radar developments because tubes designed par-
ticularly for pulse service were not then available. It 
was found in such cases that circuit difficulties were 
paramount and that it was difficult to obtain reason-
able efficiency at frequencies above about 200 mega-
cycles.' Tubes designed for higher power were, of neces-
sity, larger and hence more difficult to operate at high 
frequencies. 
Since so much of the radio-frequency circuit was 

unavoidably contained within the tube, attention was 
given to improving the connections to the tube elec-
trodes with the object of reducing the inductance and 
radio-frequency resistance of the leads. Several tubes 
have been described which incorporated these improve-
ments.".4An additional difficulty in obtaining high pulse 
power is sparkover in the oscillator circuit resulting 
from the high peak voltages encountered. 

* Decimal classification: R355.912 X R537.121. Original manu-
script received by the Institute, May 23, 1947. Presented, 1947 I.R.E. 
National Convention, March 4, 1947, New York, N. Y. 
f Bell Telephone Laboratories, Inc., New York, N. Y. 
Formerly, Bell Telephone Laboratories, Inc.; now, Kansas State 

College, Manhattan, Kan. 
1 J. B. Fisk, H. D. Hagstrum, and P. L. Hartman, "The magne-

tron as a generator of centimeter waves," Bell Sys. Tech. Jour., vol. 
25, pp. 167-348; April, 1946. 

2 R. Colton, "Radar in the U. S. Army," PROC. I.R.E., vol. 33, 
pp. 740-750; November, 1945. 
a R. R. Law, D. G. Burnside, R. P. Stone, and VV. B. Whalley, 

"Development of pulse triodes and circuits to give one megawatt at 
600 megacycles," RCA Rev., vol. 7, pp. 253-264; June, 1946. 

4 J. J. Glauber, "Radar vacuum tube developments," Elec. Com-
mun., vol. 23, pp. 306-319; September, 1946. 

It seemed to the authors that the best answer to the 
problem lay in designing an oscillator in which both the 
tube electrodes and the rest of the oscillatory circuit 
were ,inside the vacuum-retaining envelope, as in the 
magnetrons. One tube employing these general prin-
ciples has already been described.' The one about to be 
described here has some additional features which are 
believed to be of considerable advantage. 

DESIGN FEATURES 

The development of this tube, which is known as the 
7C22, was undertaken by the Bell Telephone Labora-
tories, Inc., at the request of and under contract with 
the Bureau of Ships of the U. S. Navy. It has resulted 
in an oscillator in packaged form which is very rugged 
and easy to handle. The specifications called for peak 
pulse . power of approximately 4 megawatt at a fre-
quency of a little above 400 Mc. from an oscillator tun-
able over about a 7 per cent frequency range, the pulse 
length to be at least 5 microseconds and the duty cycle 
to be 0.001. 
In a tube for high peak power it is advantageous to 

operate at as high a plate voltage as possible in order 
to keep cathode-emission requirements down. At the 
time of this development, pulse generators or modu-
lators were available which would deliver up to 20-kv. 
pulses. It was therefore decided to design for a pulse 
plate voltage of 15 kv. to 20 kv. This then required 
that, with a push-pull oscillator, cathode emission of 
approximately 150 amperes per cathode must be pro-
vided. With other than oxide-coated cathodes, this 
amount of emission would require almost a prohibitive 
amount of heating power (more‘ than 1.5 kw. per tube). 
Since oxide cathodes were by this time performing fairly 
satisfactorily in magnetrons and also in some pulse 
amplifier or modulator tubes, this type was chosen. 
The structure is shown schematically in Fig. 1, and 

a section drawing is given in Fig. 2. Electrically, it 
is a push-pull Colpitts-type oscillator operating with 
"grounded anode." The outer metallic shell is the 
vacuum-retaining envelope and also the anode terminal. 
The two sets of vacuum-tube elements are disposed at 
opposite ends of the cylindrical shell. The grids are 
mounted on a metallic sleeve concentric with the outer 
shell, and the cathodes on a smaller sleeve concentric 
with the grid sleeve. One heater terminal is connected 

H. A. Zahl, J. E. Gorham, and G. F. Rouse, "A vacuum-con-
tained push-pull triode transmitter," PROC. I.R.E., vol. 1, pp. 66-69; 
February, 1946. 
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to the cathode sleeve and the other is a rod inside the 
cathode sleeve and insulated therefrom by ceramic 
bushings. The heaters are helices of tungsten wire which 
transfer heat to the cathodes by radiation. The sleeves are 
supported from each other and from the outer shell by 
by means of ceramic insulators located at the center of 
the structure, which is at a r.f. voltage node. 

TUNING 
CAPACITOR --
PLATES 

(a) 

SYLPHON 
BELLOWS 

(b) 

OUTPUT 

GRID  HEATER  I  ANODE 

H :1H-C 

_j_Cpg Lpg --1--

L g c 
---. I 

Fig. 1—(a) Schematic section of the 7C22 oscillator. (b) Equivalent 
circuit of the 7C22 oscillator compared to the conventional Col-
pitts circuit. 

CATHODE 

COLPITTS OSCILLATOR 

Tuning is accomplished by means of plates attached 
to sylphon bellows at each end of the structure which 
may be advanced and withdrawn by rotating a gear. 
The output is obtained from a coupling loop in the 
center of the grid-anode space which is connected to a 
concentric-line terminal. The cathode, heater, and grid 
terminals are at the center of the structure opposite the 
output terminal. The structure is cooled by means of air 
directed through the circular radiating fins appearing 
adjacent to the anode surfaces. 

MODE OF OPERATION 

To consider the mode of operation of this device, the 
schematic shown in Fig. 1(b) represents half the tube 
broken at the center line. As stated previously, the 
basic circuit is the Colpitts oscillator, where, in this in-
stance, the capacitances of the circuit are mainly the 
tube interelectrode capacitances. The short sections of 
transmission line L„ and L„ may be considered to be 
short-circuited by the center line, and, since these 
lines are physically short [ < (X/4)1, they may be con-
sidered as inductances. In the conventional Colpitts 
oscillator the frequency is given by 

f — 
1 

211/L„(Crg +  C (NC pc ) 
C pc + CpC 

where C„ is the main capacitance component. The ex-

citation ratio is C„/CPC, which is the ratio of voltage at 
the plate to voltage at the grid with reference to the 
cathode. In the device shown here, Coc must be con-
sidered as divided into two parts in parallel. One part 
resonates with 1,9c at the operating frequency to pro-
vide effectively a X/4 choke between cathode and ground 
as represented by the center line. The other part is the 
effective C„ used in determining the excitation ratio and 
which appears in the expression for frequency. 
Tuning is accomplished by varying C„ effectively. 

This is done by advancing or withdrawing the capacitor 
plate attached to the sylphon bellows at the end of the 
structure. Actually, this capacitance has in series with it 
an amount of inductance resulting from the length of 
the circuit through the bellows and around the cavity 
to the anode. If this inductive reactance is kept low 
compared to the capacitive reactance, no difficulty is 
experienced, the only result being that a somewhat 
smaller variation of capacitance is required for a given 
tuning range compared to that required if no series in 
ductance were present. Ordinarily, the Colpitts oscil-
lator may be tuned by varying capacitance between grid 
and plate without affecting the excitation ratio,  
In ,this oscillator, however, this is not quite true, since 
more of the actual C„ is required to resonate Lo, as the 
frequency is lowered, and hence less of C„ is left to act 
in determining excitation. For the frequency range in-
volved here, however, the effect is not serious, since the 
excitation ratio can vary considerably with very little 
effect on the output and efficiency, particularly where 
self-bias is employed. 
In order to provide the required output at the desired 

plate voltage, it is necessary that the capacitance C„ 
have a certain minimum value. The reason for this will 
be apparent from the following analysis: 
In the Colpitts oscillator, the output electrodes of the 

tube (plate-cathode) are connected across the capaci-
tance C„. The excitation is obtained from the voltage 
across the capacitance Cpc ((Fig. 1 (b)). Since the circuit 
is resonant at the frequency of oscillation, in the absence 
of load resistance the voltage across C„ will be just 180° 
out of phase with the voltage across C„ if the cathode 
is taken as the reference point. The circulating current 
/0 flowing through C„ and C„ will be given by 
/a =.E9coC„, where Ep is the alternating plate voltage 
and co = 27r X frequency of oscillation. If, however, a re-
sistance is introduced into the circuit by loading, usually 
in the inductive portion, the current through Co, will 
differ from that through C„ by the fundamental com-
ponent of plate current supplied by the vacuum-tube 
generator. Prince' has shown vector diagrams of these 
phase relationships. The phase of the voltage appearing 
across C„ will differ from the 180° relationship with that 
across C„ by an angle cot-' RocoC„, where Ro is the 

• D. C. Prince, "Vacuum tubes as power oscillators," PRoc. I.R.E., 
vol. 11, pp. 275-313,405-435,527-550; June, August, October, 1923. 
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equivalent load resistance which appears across the 
output terminals of the tube; e.g., 

E,2 
RO —   

power output 

CAPACITOR PLATE 

ANODE 

GRID 

TUNING BELLO WS 

TUNING 
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HEATER 

CATHODE 
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It was desired that this tube should operate into a 
50-ohm coaxial output line with a standing-wave ratio 
as near unity as possible, and that as little tuning as 
possible should be required over the frequency range of 

OUTPUT TERMINAL 

OUT PUT COUPLING 

LOOP 

CERAMIC 

INSULATORS 

Fig. 2—Section drawing of the 7C22 oscillator. 

In the case of the Colpitts oscillator, this departure 
from 180° phase relationship is in the direction to cause 
the exciting voltage to lead the plate voltage. This is of 
advantage in overcoming some of the effects of transit 
time in a high-frequency oscillator. In the present case, 
values of RocoC, of about 5 seem to be the minimum per-
missible. This may be considered to be the apparent Q 
of the output circuit when viewed across C„. The actual 
Q of the circuit defined as 

2/r energy stored 

Q = energy lost/cycle 

is always greater than this value because there are addi-
tional circuit elements storing energy (C„, C., CT). 
In the case of the 7C22 oscillator, the plate-cathode 
capacitance obtained by exposure of the cathode to 
anode through the grid was insufficient. Extra plate-
cathode capacitance had to be provided in the form of 
a disk facing the edge of the anode. This disk was 
mounted from the cathode sleeve and extended as a 
spoked wheel through slots in the grid sleeve. Then, in 
order to provide the proper excitation ratio and also to 
tune the cathode line, additional grid-cathode capaci-
tance in the form of a "hat" at the end of the cathode 
facing the grid-end disk was necessary. These details 
are shown in the section drawing in Fig. 2. They also 
act as heat shields at the ends of the cathode. 

H  H-C 
INPUT TERMINALS 

EXHAUST 
TUBULAT1ON 

GLASS 

Fig. 3—Section drawing of the output terminal 
and coupling loop. 

the tube. The output coupling loop and output terminal 
are shown in Fig. 3. The inductance of the loop is seen 
to be shunted by the capacitance between the center 
conductor and the shell of the lead. By suitably propor-
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tioning this capacitance and inductance, it was found 
possible to obtain nearly full rated power at all fre-
quencies within the tuning range of the tube when 
operating into a 50-ohm transmission line with a stand-
ing-wave ratio of unity. 

CONSTRUCTIONAL DETAILS 

A photograph of the 7C22 is shown in Fig. 4, a cut-
away model in Fig. 5, and an exploded view showing its 
parts in Fig. 6. The cathodes of the 7C22 oscillator have 

Fig. 4—Photograph of the 7C22 oscillator. 

Fig. 5—Photograph of a cut-away model. 

1 1111  

-14 11) 

4:2) 

tato 

Fig. 6—Exploded view showing the component parts. 

Plate pulse voltage* 
Grid blast (during pulse) 
Average grid current 
Average plate current 
Peak plate current 
Duty cycle (r.f. pulse length 
times repetition rate) 

Pulse length 
Average plate dissipation 
Average power output 
Peak power output 
Peak power input 
Peak efficiency 

a coated area of approximately 40 square centimeters 
each. They are heated by radiation from a helical fila-
ment enclosed by each cathode. Ordinary oxide coating 
was used on a nickel base roughened to improve adher-
ence. 

TABLE I 

Cathodes: 
Equipotential oxide-coated 
Approximate emission per cathode  150 amperes 
Cathode-heating time  3 minutes 

Heater: 
Tungsten filaments 
Nominal heater voltage  9 volts 
Nominal heater current  29.5 amperes 

Amplification factor of triode elements  22 
Capacitances: 
Approximate total direct capacitances measured 
at the terminals 
grid-anode  53 to 65 /Add. 

(depending on setting of tuning gears) 
grid-cathode  79 µAdd. 
anode-cathode  23 Aiafd. 

Frequency range: 
Nominal, obtained by adjustment of tuning 
gears  390 to 435 Mc. 

Itfaximum and Typical Operating Conditions 
Flak-Pulsed 

Maximum 
Allowable 

18 
—3 
8 
90 
80 

Typical 
Operation 

16 
—2 
3 
70 
63 

kv. 
kv. 
ma. 
ma. 
amperes 

0.0012  0.001 
6  5  microseconds 

1000  600  watts 
550  watts 
550  ku. 

1400  1000  kw. 
55  per cent 

• Voltage from plate to cathode at the terminals of the tube. 
f Obtained from combination of cathode resistor and grid resistor. 
The r.f. pulse length will usually bt about 0.2 microsecond 

shorter than the plate pulse. 

The grids are of novel construction, being formed 
from molybdenum sheets into which slots are punched. 
The slats remaining are then twisted 90° to the plane of 
the sheet. The sheet is then formed into cylindrical 
shape and welded, the slats running parallel to the axis. 
Diagonal stiffening wires are then welded to the outside 
surface of the formed grid. The entire grid is gold-
plated to inhibit primary emission. This type of grid has 
several advantages at ultra-high frequencies. Longi-
tudinal slats provide low inductance and low resistance 
to the heavy r.f currents that must flow into the grid. 
Punched construction eliminates many welds and so 
provides better electrical and thermal conductivity. 
The slats, which are 0.008 X 0.025 inch in cross section, 
are weakest parallel to the surface of the grid cylinder, 
so that any tendency to buckle is in this direction 
rather than perpendicular to the grid surface where close 
clearances must be maintained. The normal clearance 
between cathode and grid is 0.050 inch. Between grid 
and anode it is 0.125 inch. 
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The grid connecting sleeve and the entire outer en-
velope including anodes is OFHC copper. The sylphon 
bellows are monel. All seals to glass are copper seals 
from the envelope and tungsten seals from lead wires 
except the output terminal, which is a copper-cup seal. 
A copper pinch-off exhaust tubulation is used. 

OPERATION 

The characteristics and ratings of the 7C22 tube are 
as shown in Table I. 
A schematic of the typical circuit connection em-

ployed is shown in Fig. 7. A noninductive grid resistor 
of 200 to 400 ohms and a noninductive cathode resistor 
of 10 to 20 ohms'are recommended. 

MODULATOR 

7C 22 

--WATER- COOLED RESISTOR 
OR ANTENNA 

PICK- UP LOOP • 

- V\AAA. -• -•"\AAAA.,-

2 0011 

.1-HEATER -CATHODE 
HEATER 

00Q_  

iyl 

TUNING 
STUBS 

Fig. 7—Typical circuit for operation of the 7C22 oscillator. 

The oscillator is normally adjusted at 
quency limit for balance, as indicated by 

its low-fre-
a minimum 

Fig. 8—A mounting rack for providing ganged 
tuning for the oscillator. 

amount of r.f. voltage on the input leads. The position 
of each tuning gear is marked at this point. Then, to 
idcrease frequency, each gear is rotated in a clockwise 
direction as viewed from its respective end of the tube. 
The tube may be inserted in a mounting rack designed 
to provide a ganged tuning control which rotates the 
gears simultaneously. Such a mounting is shown in 
Fig. 8. 

440 

435 

430 
a 

0 

IX 425 

Cc 

0. 
420 

415 

2 

410 

Lig. 405 

CC 

400 

395 

390 
0 2  3 

NUMBER OF GEAR TURNS 

Fig. 9—Frequency range obtained by simultaneous 
rotation of tuning gears. 

4 

The efficiency of the 7C22 remains quite constant at 
about 55 per cent throughout its frequency range. If the 
load coupling is left unchanged, the output will be 
somewhat higher at the low-frequency end of the range 
because of the higher excitation prevailing there. The 
variation of frequency as a function of the turns of the 
tuning gears is shown in Fig. 9. An output-impedance 
diagram in the form devised by Rieke is shown in Fig. 
10. This plot refers to the impedance of the load circuit 
as seen from the plane of the end of the output terminal 
of the 7C22. The impedances are given in terms of 
Zo =50 ohms. It is seen from this diagram that, if a 
load of 50 ohms pure resistance is attached, approxi-
mately 90 per cent of the peak output will be obtained 
without need for tuning. Although this diagram applies 
for only one frequency in the range, the diagrams for 
other frequencies are very similar. 
Since ruggedness was of prime importance, these 

tubes have been subjected to elaborate shock testing 
Development models have withstood shocks of several 
hundred G's without breaking. A 50-G shock test was 
specified for the tube. The normal life of the 7C22 tube 
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as designed is in the vicinity of 500 hours. The end of 
life in practically all cases occurs when the active area 

CONSTANT POWER 
OUTPUT IN PER CENT 

r. 

20.50 OHMS 

PLANE OF REFERENCE 
AT END OF OUTPUT 
TERMINAL 

Fig. 10—Typical output-impedance diagram. 

of the cathode has been so reduced by sparking that in-
sufficient emission is available to provide the required 
output. In no case has grid emission been found to be a 
limiting factor in pulse service. 

Correspondence 

It was noted that the temperature of the cathodes 
increased during oscillation. This increase was about 
20°C., the desired operating temperature being 800°C. 
to 820°C. Since this increase in temperature is pro-
duced by ohmic losses in the cathode and by electron 
back-bombardment of the cathode, which are r.f. losses, 
it is a factor in reducing the efficiency of the device. 
It is expected that the life of these tubes can be 

greatly increased by applying knowledge gained in the 
development of nonsparking cathodes. At the end of 
the development a tube was made which used a cathode 
type found advantageous in magnetrons. The life of 
this tube was about 100 per cent longer than that of 
previous tubes tested. Extension of this oscillator de-
sign to higher and also to lower frequencies seems 
feasible. The use of relatively high pulse voltages post-
pones the limitations caused by transit time of elec-
trons, but the sizes of the circuit and electrodes rapidly 
limit the power as the frequency is increased. At lower 
frequencies the main limitation would be the increasing 
length of the device and the resulting inconvenience of 
handling, plus the economic factor of having the circuit 
part of the expendable item. 
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Angular Frequency Shift* 

In the paper by Ostlund, Vallarino, and 
Silvert there was described a frequency 
modulator using a reactance tube in the fre-
quency-determining circuit of the master 
oscillator. The expression for the angular 
frequency change was given as 

(14 Te: AC ' 

This is based on the assumption that the 

• Received by the Institute, October 20, 1947. 
E. M. Ostlund, A. It. Vallarino, and Martin 

Silver. 'Center-frequency stabilized modulation sys-
tem, PROC. I.R.E., vol. 35, pp. 1144-1149; October-
1947. 

actual change in angular frequency, ,Cus, is 
equal to &a; a condition that is only met 
when AC approaches zero. At values of AC 
other that zero there will be a discrepancy 
between the actual frequency shift and the 
computed value. The actual relation of 
angular relation of angular frequency shift 
Aw and AC is 

Af.0  (0.10 + Ate) — 

1  1 

VL  + AC  %/LC 

1_ I  1   1 
— 

This shows that, contrary to the authors' 

statement, the frequency swing is not di-
rectly proportional to the change in injected 
capacitance. While the difference is negli-
gible at small values of frequency swing, it 
may become large enou gh to constitute con-
siderable distortion at higher modulation 
levels. Therefore it is necessary to select the 
other circuit parameters so that the non-
linearity is within the permissible limit of 
distortion, and not to work on the assump-
tion that the circuit is sufficiently linear for 
all values of C. 

SHERMAN RIGBY 
WGHF (FM) 

New York 16, N.Y. 
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and Frequency Modulation' 
LAWRENCE J. GIACOLETTO 

A. S. Gladwin:' The general formula (equation (32) 
in the paper) for the components of a frequency-modu-
lated wave was first stated, without proof, by Carson 
and Fry,2 and the first published proof appears to have 
been given by Cherry and Rivlin.3 For calculating the 
amplitudes and phases of the side-frequency com-
ponents, this formula is satisfactory when no linear rela-
tions exist between the modulating frequencies, but 
when such relations do exist, difficulties arise, as Mr. 
Giacoletto has pointed • out, because a number (theo-
retically infinite) of the terms in the general formula 
have coincident frequencies. When the modulating 
signal contains more than a few components, the labor 
involved in calculating the spectrum by this method 
becomes very great. It would appear to be this con-
sideration which has deterred the author from giving 
theoretical values for the spectra produced by square-
wave and sawtooth-wave modulating signals. 
When, however, the wave form of the modulating 

signal is sufficiently simple, e.g., rectangular or tri-
angular, the spectrum may be obtained directly by 
Fourier analysis. 
Let f,.(t) denote the modulating signal which has a 

peak value of 1, and let Ac.o be the peak frequency devia-
tion of the modulated carrier in radians/second. Then 
a frequency-modulated wave can be written as 

cos {coct ina.0 f f„,(t)dt} 

= R exp /{ed + Ato f fm(l)dt} 

= R exp jcuct exp Pao f f,„(t)dt 

where R denotes "the real part of." 
Let f„,(1) be periodic with a frequency co,,, radians/sec-

ond. Then exp jaaauff„,(t)dt is also periodic with the same 
frequency, and may therefore be represented by the 
complex Fourier series 

• PROC. I.R.E., vol. 35, pp. 680-693; July, 1947. 
1 University of London, King's College, London, England. 
3 J. R. Carson and T. C. Fry, "Variable frequency electric cir-

cuit theory with application to the theory of frequency modulation," 
Bell. Sys. Tech. Jour., vol. 16, P. 513; October, 1937. 
3 E. C. Cherry and R. S. Rtvlin, "Non-lineardistortion, with par-

ticular reference to the theory of frequency modulated waves," Phil. 
Meg., ser. 7, vol. 32, p. 265; October, 1941. 

1  2r  Au) 

A. = — 

0- 

February 

E A„ exp jnco,,,t  (1) 

in which the coefficients A. are given  by 

1  2r 

A „ = — f  exp (pico f f„,(t)d) exp (—jno),„Od(w„,1) 
2r o 

Wm r 2r/com 
27r J 

exp (jaw f f„,(t)dt —  „,t) dl.  (2) 

The frequency-modulated wave is then  

ea 

RE A. exp Awe nco„,)t. (3) 

The simplest example is that in which fm(t) = cos co„,t. 
Then 

27r fo  exp   sin co„,t — jitco,,,t)d(w.,t). 

1721-1."  

- 10 

21T _ EL, 

Fig. 1—Rectangular modulating wave. 

This integral* defines the Bessel function of the first 
kind of order n and argument Ac0/0.4. 
Hence A.= .1„(Aco/co), and the frequency-modulated 

wave is 

cos (to, ± mo„,)t. 
Aco 

Win 

The next simplest case is that for the rectangular 
modulating signal shown in Fig. 1. 

4 G. N. Watson, "Theory of Bessel Functions," p. 20. Cambridge, 
University Press, 1922. 
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From  The frequency-modulated wave is, therefore, 

From 

and 

From 

t = 0 to 1= ra/co„„ 

fm(i) = 1, 

and  f f„,(t)dt =1. 

= ra/c0„,  to t = 2r/co„, — ra/co„,, 

= — a/(1 — a) 

ffm(I)dl =  fir 
1 —  \w„, 

ra 
= 27/w„, — —  to I =  

co„, 

fm(I) = 1, 

and 

ffm(I)dl = t —  

Hence, 

co,„ f A „= —  exp j(6,07—na,„,)lcit 
27   • 

W m  r2rRam—raiwyn C  OXX ( r 
exp j   1)  nw„,t)dt 

27  1— ac..)„, 

cons 2r/wm  27r 
exp j (Aw (t- -)— ncemt)dt 

27 f 2 7r/te m —Ira/co. 

The integrations are easily performed, and the sum of 
the results is 

A„ = 

fra ( AO)  
sin 

1 6,w  w„,  ) 

7r co„, 
— n ri a + n(1 — a)) 

co„,  con, 

Aw 
sin  ra( — — n 

C 0 In  n —oo  AW  A 
n)( w — a --I- n(1 — a) r  ) 

co„,  corn 

•cos (co,  nc)„,)t.  (4) 

This expression is indeterminate for values of tico 
equal to nw„, (n positive) and —nco„,(1—a)/a (n nega-
tive), but by finding the limits as Aca approaches the 
critical values it is easy to show that when Aco=tu.om 
the component of frequency wc+ncom is a cos (aic+na)„,)t 
and when Aw= —nw„,(1—a)/a the component of fre-
quency coc-Fnw„, is ( —1)̂(1 —a) cos (ce.-1-nw„,)t. 
Thus the components whose frequencies correspond 

to the maximum and minimum frequencies of the 
modulated carrier have amplitudes which depend only 
on the mark-space ratio of the modulating wave, and 
are independent of the frequency deviation and the 
modulating frequency. 
For a square-wave modulating signal, a =1 and (4) 

becomes 

ce 

n—_.. 

r LIC/J 
sin — I — — n 

2 co„, 
( )2 

—  —  n2 

cos (w,  mo,n)t. 

The spectrum produced by square-wave modulation 
was calculated by Van der Poll' many years ago with 
identical results. 
A slightly more difficult example is that in which the 

modulating wave is triangular, as shown in Fig. 2. 

0— 

ii 

From 

211 

t 

Fig. 2—Triangular modulating wave. 

2r 
/ = 0 to / = — (1 — a) 

Wm 

g Balth. van der Pol, "Frequency modulation," PROC. I.R.E., vol. 
18, pp. 1194-1206; July, 1930. 
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and 

wmt  In terms of these functions, (6) becomes 

= — 1+ r(1 —a) 

com p 
fm(l)di =  (1 — 2a) — 1 +   

3w„,  27r(1 — a) 

From 

and 

27r  27r 
= — (1 — a)  to t = — 
com Wm 

2 — a  comt 
fm(1) -   

a  ra 

1 iconi (1 _ a))"2 

2 
(cos 01 — j sin 01)(C(xi) C(x2) 

Aw 

jS(xi) jS(x2)) 

in which 

as 

Ccoo)  )(co „,(1 — or)\112  
= — + n   

n,  ) 

.1ca 
= (co.  )(wm(1A: 11/2 x2 

—  t(1 a ) +    1 + a Aw  /22(1 — a) w„, t 
7r f   

6  co„, 2  Aw 

Similarly, the second integral in (5) can be expressed 

f fm( odt =  7*(6 — 7a + 2a2) ▪ 2 — a   1 C come 1  oma r 
— —  (cos 62 j sin 02)(C(x3) C(x4) 3w„,a  a  27ra Aco 

The constants of integration have been chosen to 
make the integral continuous at 1= (27r/w„,)(1 —a), and 
also to make the mean value of the integral over the 
period equal to zero. Then, from (2), 

21r (1-2)/wm  (r(1 — 2a) co. 
A. = — f  'exp j {Ace   

o  3w„, 

wm1 2 
ncomt} c't 

▪ 27(1 — a) 

Wm  r 2nI.m 

exp j {.Ao.) 
27  2r (1-2)/wm 

(— 7(6 — 7a + 2a2) 

3wma 

in which 

= 

iAw ± n)( w„,a \1/2 

\ W m k Ao.) ) 

(   x.1 =  AU)  w W m  fl) ( ma )1/2 

Ao.) 

r  na +   ± 2 —  a  A  w  02 = { 

6  co„, 

— jS(x3) — iS(x4)) 

n 'a  co 

2 Au) 

Substituting the value of A. found above into (2), 
the frequency-modulated wave is 

2 — a  w,n12) 
— nco„4 (ii. 1 r/ (1 1112  E  (c(xo + c(x0) cos 01 

If, in the first integral, the substitution  (S(xl)  S(2)) sin 011 

1/2 

U =  {i  ( — Li +  1- ) }   16 " "  

AW  wm 72(1 — a) 

is made, the integral can be written 

1 (w.,(1 — a))112  

2 \ 
exp  ./7r{n(1  a) + 1 +a  '6"  

6  con, 

▪  "  " 2 

(Aw/cum —n) —a )/A 0 W m  ,1 
• exp (iru2 /2)du. (6) 

The integral may be expressed in terms of Fresnel's 
integrals C(x) and S(x), which are defined as 

TU2 ru2 
C(x) = f cos — du  .5(x) = f sin — du. 

2  0  2 

1 Wma  /2 

(C(X0 +  C(x1)) cos 02 

(S(x3)  S(x4)) sin 021] cos (we + mom), 

+  r(w„,(1 — a))112  
{(C(xi) + C(x2)) sin 02 

2  

—  (S(X1)  S(X2)) cos 0 1} 

1/2 

( W; :  (C(X3)  C(X4)) sin 02 

— (S(x3)  S(x4)) cos 021] sin (w,  mo„,)t. (7) 

The amplitudes and phases of the side-frequency 
components can be evaluated from this formula using 
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tables of the Fresnel integrals. For two special cases, 
namely, a = 0 and a =1, the formula may be consider-
ably simplified. 
When a =0, Fig. 2 becomes the sawtooth wave form 

investigated experimentally by Mr. Giacoletto. Equa-
tion (7) then reduces to 

1 ( w„, y, 2 
-2-  E (c(xo + cxxor 

(S(X1)  S(X2)) 2 1 "2  cos  (we +  /10)„)t —  0 1 ± 

where 

q5 = tan-1  
IS(x2) + S(x2)t 

1C(x1) + C(x2)f 

In the second case a= , and the modulating signal 
has then a symmetrical triangular wave form. Equa-
tion (7) reduces to 

( 1/2  cc 

2.1co  L,  (C(xi) + C(x,)) cos ei 

+ (S(xi) + S(x2)) sin 011 cos (co,. + nco„,)t. 

Although only rectangular-wave and triangular-wave 
modulating signals have been treated, it will be obvious 
that the spectrum produced by any modulating signal 
whose wave form is made up of straight lines only can 
be calculated by similar methods. 
When the modulating signal is periodic but the wave 

form too complicated to allow of a simple analytical 
solution, the values of the coefficients A„ may be calcu-
lated from (2) by graphical or numerical integration, 
though for high-order side frequencies the labor is con-
siderable. 
If the modulating signal has K components and if 2K 

of the consecutive values of An have been found, it is 
possible to calculate the next value, and hence all the 
other values, by means of a recurrence formula. This 
formula is obtained as follows: 

Let 

=  la, cos kw,nt bk sin kwmlj. 
k-1 

From (2), 

=  f 

?rico. W m 

A n exp (.10: f ft)(1t) exp ( —jnw„,t)dt. 
2r 0 

Integrating by parts, 

Wm 
./1,1 = 

2r 

exp j {Aw f f„,(t)dt — nw„,1} 

— inw,„ 

(8) 

2 T 0000 

fm(t) exp {jaw f f,„(t)dt} exp (—jnw„,t)dt. 
2nr o 

The first term is zero, and the second can be written 
by substituting for fm(i) and exp (jAcoff„,(t)dt according 
to (8) and (1): 

6,0) 2crkum K 

An = —  lak cos kcomt bk sin & mil 
2nr o 

00 

• E A,. exp  exp (—jnce,,,t)dt. 

(The subscripts in (1) have here been changed from 
n to r in order to avoid confusion with the particular 
value of n being considered.) 

pw f  2rIcam K  ao 

=  —  E {Ar(ak- !l exp jrr-
4nr 0  r— — co 

-1-A,.(ak—jbk) exp j(r— n+ k)co„,t1dt. 

Only the terms for which r—n—k=0 or r—n+k =0 
have a finite value, all others being equal to zero. Hence, 

2n  = E (ak + jbk)An±k + (ak — jbk)A ,k1. 
Aco 

This formula may be used to find the coefficient 
A n-kk in terms of the 2K preceding coefficients. Like all 
other devices for extrapolation, the range of this recur-
rence formula is limited by the accuracy of the primary 
data. 

L. J. Giacoletto:e The material presented by Mr. 
Gladwin should be of value to anyone undertaking 
the calculation of frequency-modulation spectra. His 
method of obtaining sideband amplitude and phase can 
save a considerable amount of labor in those cases 
amenable to analytical solution. It should be pointed 
out, however, that in even relatively simple cases the 
analytic evaluation of the amplitudes of the Fourier 
series may be difficult. Thus, for a modulating signal 
composed of a fundamental and a single harmonic, the 
evaluation of the integral for the amplitudes of the 
Fourier series (equation (2) above) using known 
Bessel expansions merely leads to the same solution 
indicated by my expansion (equation (30) of the original 
paper). The summing of the resulting two-way series 
in this case and the extension of the solution for a 
modulating signal containing K harmonics would be a 
valuable contribution to frequency-modulation theory. 
Of course, the method of graphical or numerical inte-
gration indicated by Mr. Gladwin can be applied in any 
event. 

6 Radio Corporation of America, RCA Laboratories, Princeton 
N. J. 
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Research Laboratory, which operated under 
contract between NDRC and Harvard Uni-
versity. 
Since November, 1945, Mr. Dunn has 

divided his time between research in the 
field of electromagnetic radiation at Cruft 
Laboratory, the work being supported by 
the Navy and the Signal Corps, and gradu-
ate studies toward the Ph.D. degree in 
physics at Harvard. He is a member of Phi 
Beta Kappa, Sigma Xi, and the American 
Physical Society. 

Clifford E. Fay (A'26-SM'45) was born 
on December 2, 1903, at St. Louis, Mo. He 
received the B.S. degree in electrical en-
gineering from Washington University in 
1925, and the M.S. degree in electrical en-
gineering and physics in 1927. Since 1927, 
he has been a member of the technical staff 
of the Bell Telephone Laboratories, Inc., 
where he has been engaged in the develop-
ment of high-vacuum power tubes. 

CLIFFORD E. FAY 

A. L. Durkee was born in Cambridge, 
Mass., on August 24, 1905. He was gradu-
ated from Harvard University in 1930 with 
the B.S. degree in engineering, and joined 
the department of development and research 
of the American Telephone and Telegraph 
Co. in July of that year. In 1934 he trans-
ferred to the Bell Telephone Laboratories, 
where his work has been largely on problems 
associated with the development of trans-
oceanic and other radiotelephone systems. 
At present he is engaged in studies relating 
to microwave radio relaying. 

RONOLD KING 

Ronold King (A'30-SM'43) was born on 
September 19, 1905, at Williamstown, 
Mass. He received the B.A. degree in 1927 
and the M.S. degree in 1929 from the Uni-
versity of Rochester, and the Ph.D. degree 
from the University of Wisconsin in 1932. 
He was an American-German exchange 
student at Munich from 1928 to 1929; a 
White Fellow in physics at Cornell Univer-
sity from 1929 to 1930; and a Fellow in 
electrical engineering at the University 
of Wisconsin from 1930 to 1932. He con-
tinued at Wisconsin as a research assistant 
from 1932 to 1934. From 1934 to 1936 he 
was an instructor in physics at Lafayette 
College, serving as an assistant professor 
in 1937. 
During 1937 and 1938 Dr. King was a 

Guggenheim Fellow, at Berlin. In 1938 he 
became instructor in physics and communi-
cation engineering at Harvard University, 
advancing to assistant professor in 1939, and 

• 

JOHN F. MORRISON 
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to associate professor in 1942. He was ap-
pointed Gordon MacKay professor of ap-
plied physics at Harvard University in 1946. 
Dr. King is a Fellow in the American Physi-
cal Society; American Association for the 
Advancement of Science; and American 
Academy of Arts and Sciences. 

fsl• 

J. F. Morrison (A'29—M'36—SM'43) was 
born at Buffalo, N. Y., on March 14, 1906. 
From 1923 to 1926 he was associated with 
the Federal Telephone and Telegraph Com-
pany, and during 1927, with the American 
Telephone and Telegraph Company. Mr. 
Morrison was vice-president and technical 
director of the Buffalo Broadcasting Cor-
poration from 1927 to 1929. Since 1929 he 
has been a member of the technical staff of 
the Bell Telephone Laboratories, assigned to 
the radio development and research depart-
ment. 

Paul I. Richards (A'45) was born at 
Orono, Maine, on February 8, 1923. Ter-
minating his undergraduate work at Har-
vard University after his junior year, he 

PAUL I. RICHARDS 

entered the Radio Research Laboratory, 
Harvard University, where he held the 
position of research associate from June, 
1943, to September, 1945. His work there 
concerned mainly the theory and design of 
distributed-constant filters and wide-band 
microwave receivers. In the fall of 1945, he 
entered the graduate school of Harvard 
University, obtaining the M.A. and Ph.D. 
degrees in physics in 1946 and 1947, re-
spectively. 
Dr. Richards is a member of Sigma Xi, 

Phi Beta Kappa, and the American Physical 
Society. 

Ruby Payne-Scott was born in Grafton, 
N.S.W., Australia, on May 28, 1912. Ob-
taining the M.S. degree from Snyder Uni-
versity in 1936, she was associated with 
Amalgamated Wireless of Australasia from 
1939 to 1941 as a radio engineer. Since 
1941, she has been a member of the staff at 
the Radiophysics Laboratory of the Aus-
tralian Council for Scientific and Industrial 
Research. At present she is engaged in carry-
ing out research on radiation from the sun at 
meter wavelengths. 

GILBERT WILKES 

Gilbert Wilkes was born in Denver, 
Colo., in 1900. He was educated abroad and 
received a mechanical engineering degree 
in Paris, France, after World War I, followed 
by a graduate degree. He returned to Paris 
after World War II to receive the degree of 
doctor of engineering from the Sorbonne. 
In 1926 he joined the staff of W. S. 

Barstow and Company, and while there 
sponsored the design of several steam-power 
plants in the United States. In 1932 he took 
out professional licenses in Pennsylvania and 
New Jersey, and opened offices as a consult-
ing engineer, specializing in steel-mill design. 
He joined the staff of the Applied Physics 
Laboratory of the Johns Hopkins University 
early in 1944, where he has been concerned 
more particularly with radiation. 
Dr. Wilkes has been the originator of 

several thermodynamic, metallurgical, and 
radiation devices, and has published several 
papers on these subjects. 

J. EDMOND WOLFE 

J. Edmond Wolfe (S'40—A'41—SM'47) 
was born on February 21, 1917, at St. John, 
Kans. He received the B.S. degree in elec-
trical engineering from Kansas State Col-
lege in 1939, and the M.S. degree in 1940. 
From 1940 to 1941 he was an assistant in 
electrical engineering at the Massachusetts 
Institute of Technology. From 1941 to 1946, 
he was a member of the technical staff of the 
Bell Telephone Laboratories, Inc., engaged 
in the development of high-vacuum power 
tubes. In 1946, Mr. Wolfe joined the staff of 
the department of electrical engineering at 
Kansas State College, where he is now asso-
ciate professor. 

• 

E. L. Younker (S'42—A'45) was born 
in 1918 at Sidney, Ohio. He received the 
A.B. degree from Miami University, Ohio, 
in 1940, and the A.M. degree in physics 
from the University of Illinois in 1942. From 
1942 to 1945 he was a staff member of the 
M.I.T. Radiation Laboratory. Since 1945 
he has been employed as a member of the 
technical staff of the Bell Telephone Labora-
tories, at Whippany, N. J. Mr. Younker is 
a member of the American Physical Society. 

E. L. YOUNKER 
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1948 I.R.E. National 
Y PLANE and by train, by car and by 
boat, by subway and bus and pedal 
locomotion, thousands of radio engi-

neers from every corner of North America 
and from a variety of global points of origin 
are now initiating plans to attend the 1948 
National Convention of The Institute of 
Radio Engineers, to be held at the Hotel 
Commodore and Grand Central Palace in 
New York City, on March 22, 23, 24, and 25. 
And wise are they who have begun such 

early planning. The hotel situation in New 
York remains acute, and reservations well 
in advance are advisable for those who seek 
desirable accommodations. Moreover, ad-
vance indications are that the same will 
apply to those who plan to attend tech-
nical sessions, the Radio Engineering 
Show, the annual banquet, president's 
luncheon, cocktail party—all of the 
recognized functions of an I.R.E. Con-
vention, which this year promise to be 
more heavily attended than ever in the 
past. 
As this is written, the technical pap-

ers program for the 1948 Convention 
has just been completed by Dr. Charles 
R. Burrows and his hard-working com-
mittee. Titles of papers scheduled and 
dates of presentation will be in the 
hands of members via a general mailing 
before these lines are read, and the 
complete program with summaries of 
all the papers will appear in the March 
issue of the PROCEEDINGS. 
Ranging from a consideration of 

technical aspects of public telephone 
service on railroad trains, through prac-
tically every communications, naviga-
tion, industrial, and research topic, to 
health physics problems in atomic en-
ergy—the technical program covers the 
entire gamut of subjects of interest to 
workers in the radio and electronics and 
allied fields. Risking repetition, it is de-
cidedly a program which no one in any 
way associated with those fields can af-
ford to miss. 
Further illustrative of the broad 

range of interests which will be catered to in 
this Convention is the following list of 
session titles: 
Amplifiers 
Antennas (two sessions; one dealing spe-
cifically with circular polarization) 

Broadcasting and Recording 
Circuits (two sessions; one dealing with 
active and the other with passive ele-
ments) 

Components and Supersonics 
Computers (two sessions; one covering 
systems and the other components) 

Electronics (four sessions: Tube Design 
and Engineering, Industrial Applica-
tions and Electronic Circuits, Tube 
Manufacture, and New Forms of 
Tubes) 

Frequency Modulation 
Measurements (two sessions; one dealing 
specifically with v.h.f., u.h.f., and s.h.f. 
measurements) 

111) 

Convention News 
Microwaves 
Navigation Aids 
Nuclear Studies 
Propagation 
Receivers 
Superregeneration 
Systems (two sessions) 
Television 
Transmission (lines and waveguides) 

SPECIAL TECHNICAL SESSIONS 
PLANNED 

Two high points of the technical pro-
gram will be two special sessions; one de-
voted to "Advances Significant to Electron-

ics," to be held on Wednesday Morning, 
March 2 t, and the other on "Nucleonics,' 
scheduled for Tuesday evening, March 23. 
Both of these meetings will be symposia, 
with invited papers from outstanding au-
thorities, and both will be held in the Grand 
Ballroom of the Commodore, with no con-
flicting parallel sessions. 
The "Nucleonics" symposium, sponsored 

by a Nuclear Science Symposium working 
group of the I.R.E. Nuclear Studies 
Committee, will be under the chairman-
ship of Dr. L. E. Hafstad, Executive 
Secretary,  Research  and  Development 
Board. 
The Wednesday morning meeting is ex-

pected by the Technical Program Commit-
tee to be "broadly stimulating to the elec-
tronic profession as a whole by conveying 
not only the important technical aspects, but 
also the broad implications of new scientific 
and technical advances." The Committee's 

announcement of the session continues: 
"The history of progress of special branches 
of science, and the engineering and industry 
erected upon them, show that they become 
increasingly complex as they are subjected 
to the searching light of concentrated in-
quiry. This complexity may ultimately be-
come a barrier to their further development 
unless simplifying influences are introduced. 
"These simplifications usually arise from 

the application of broad philosophical gen-
eralizations which make the science more 
readily intelligible. They remove the barriers 
to progress by lumping detailed and com-
plex concepts or procedures into relatively 
simple but more generalized ideas and meth-

ods capable of widespread understand-
ing and application. They may appear 
as generalized theories, methods, or 
procedures. 
"These are the really significant 

steps in the progress of a science. Their 
early recognition and widespread pro-
mulgation keeps the science healthy, 
and ensures the rapid growth of the de-
pendent engineering and industrial 
arts." 
Both the technical program and the 

plans so far disclosed by exhibitors in 
the Radio Engineering Show amply ful-
fill the prophecy carried in these pages 
in the January issue that this will be 
the greatest and most worthwhile 
I.R.E. Convention ever held. 
Plans for a most interesting pro-

gram of Women's Activities are pro-
gressing, highlighted by a trip to the 
United Nations by chartered bus on 
Tuesday, March 23, and tickets to 
matinee performances of either "An-
tony and Cleopatra," or "High But-
ton Shoes," now playing in New York. 
An all-day bus trip to West Point has 
been arranged for Thursday, March 25, 
with luncheon at the Thayer Hotel. 
A Tea will be held at the I.R.E. 

Headquarters Building, 1 East 79 Street, 
on Tuesday afternoon, March 23. 

LARGEST RADIO SHOW ON RECORD 
As of January 15, 163 leading radio-and-

electronic manufacturers have taken 244 
exhibit units, totalling 27,109 net square 
feet of display in the Radio Engineering 
Show to be held in conjunction with the 1948 
Convention. The first and second floors and 
half of the third floor of Grand Central 
Palace have been entirely reserved for these 
exhibits. Two large session halls will occupy 
the third floor to share with ballrooms at the 
Hotel Commodore in accommodating 28 ses-
sions for the presentation of approximately 
140 technical papers during the convention. 
The space taken by exhibitors already ex-

ceeds that of the 1947 Radio Engineering 
Show by 25 per cent. The exhibits will be 
technical, showing the latest developments 
in transmitter equipment, components and 
assemblies, materials and instruments which 
are the engineering tools and materials of 
electronics and radio communication. 



19-IS  Institute News and Radio Notes Section  247 

Sections 

Chairman 

P. H. Herndon 
c/o Dept. in charge of 
Federal Communication 
411 Federal Annex 
Atlanta, Ga. 
F. W. Fischer 
714 Beechfield Ave. 
Baltimore 29, Md. 
John Petkovsek 
565 Walnut 
Beaumont, Texas 
W. H. Radford 
Massachusetts Institute 
of Technology 
Cambridge, Mass. 
A. T. Consentino 
San Martin 379 
Buenos Aires, Argentina 

R. G. Rowe 
8237 Witkop Avenue 
Niagara Falls, N. Y. 

G. P. Ilixenbaugh 
Radio Station W M T 
Cedar Rapida, Iowa 
Karl Kramer 
Jensen Radio Mfg. Co. 
6601 S. Laramie St. 
Chicago 38, Ill. 

J. F. Jordan 
Baldwin Piano Co. 
1801 Gilbert Ave. 
Cincinnati, Ohio 
W. G Hutton 
R.R. 3 
Brecksville, Ohio 
C. J. Emmons 
158 E. Como Ave. 
Columbus 2, Ohio 
L. A. Reilly 
989 Roosevelt Ave. 
Springfield, Mass. 

Robert Broding 
2921 Kingston 
Dallas, Texas 
E. L. Adams 
Miami Valley Broadcast-
ing Corp. 
Dayton 1, Ohio 

A. Friedenthal 
5396 Oregon 
Detroit 4, Mich. 

N. J. Reitz 
Sylvania Electric Prod-
ucts, Inc. 

Emporium, Pa. 

F. M. Austin 
3103 Amherst St. 
Houston, Texas 

R. E. McCormick 
3466 Carrollton Ave. 
Indianapolis, Ind. 

C. L. Omer 
Midwest Eng. Devel. Co. 
Inc. 

3543 Broadway 
Kansas City 2, Mo. 

R. C. Deane 
Dept. of Physics 
University  of  Western 
Ontario 

London, Ont., Canada 

Walter Kenworth 
1427 Lafayette St. 
San Gabriel, Calif. 

0. W. Towner 
Radio Station WHAS 
Third & Liberty 
Louisville, Ky. 

ATLANTA 
February 20 

BALTIMORE 

Beaumont -
Port Arthur 

BOSTON 

BusNos AIRES 

BUFFALO-NIAGARA 
February 18 

CEDAR RAPIDS 

CHICAGO 
February 20 

CINCINNATI 
February 17 

CLEVELAND 
February 19 

COLUMBUS 
February 13 

CONNECTICUT 
VALLEY 

February 19 

Secretary 

M. S. Alexander 
2289 Memorial Dr., S.E. 
Atlanta, Ga. 

E. W. Chapin 
2805 Shirley Ave. 
Baltimore 14, Md. 
C. E. Laughlin 
1292 Liberty 
Beaumont, Texas 
A. G. Bousquet 
General Radio Co. 
275 Massachusetts Ave. 
Cambridge 39, Mass. 
N. C. Cutler 
San Martin 379 
Buenos Aires, Argentina 

R. F. Blinzler 
558 Crescent Ave. 
Buffalo 14, N. Y. 

W. W. Farley 
1920 Fourth Ave. S.E. 
Cedar Rapids, Iowa 
D. G. Haines 
Hytron Radio and Elec-
tronics Corp. 

4000 W. North Ave. 
Chicago 39, Ill. 
F. Wissel 
Crosley Corporation 
1329 Arlington St. 
Cincinnati, Ohio 
H. D. Seielstad 
1678 Chesterland Ave. 
Lakewood 7, Ohio 
L. B. Lamp 
846 Berkeley Rd. 
Columbus 5, Ohio 
H. L. Krauss 
Dunham Laboratory 
Yale University 
New Haven, Conn. 

DALLAS-FT. WORTH A. S. LeVelle 
308 S. Akard St. 
Dallas 2, Texas 
George Rappaport 
132 E. Court 
Harshman Homes 
Dayton 3, Ohio 

N. C. Fisk 
3005 W. Chicago Ave. 
Detroit 6, Mich. 

A. W. Peterson 
Sylvania Electric Prod-
ucts, Inc. 

Emporium, Pa. 

C. V. Clarke, Jr. 
Box 907 
Pasadena, Texas 

M. G. Beier 
3930 Guilford Ave. 
Indianapolis 5, Ind. 

Mrs. G. L. Curtis 
6003 El Monte 
Mission, Kansas 

DAYTON 
February 19 

DETROIT 
February 20 

EMPORIUM 

HOUSTON 

INDIANAPOLIS 

KANSAS CITY 

LONDON, ONTARIO 

Los ANGELES 
February 17 

LOUISVILLE 

E. H. Tull 
14 Erie Ave. 
London, Ont., Canada 

R. A. Monfort 
L. A. Times 
202 W. First St. 
Los Angeles 12, Calif. 

D. C. Summerford 
Radio Station WHAS 
Third & Liberty 
Louisville, Ky. 

Chairman 

E. T. Sherwood 
Globe-Union Inc. 
Milwaukee I, Wis. 

R. R. Desaulniers 
Canadian Marconi Co. 
211 St. Sacrement St. 
Montreal, P.Q., Canada 

J. E. Shepherd 
III Courtenay Rd. 
Hempstead, L. I., N. Y. 

L. R. Quarles 
University of Virginia 
Charlottesville, Va. 

K. A. Mackinnon 
Box 542 
Ottawa, Ont. Canada 

P. M. Craig 
342 Hewitt Rd. 
Wyncote, Pa. 

E. M. Williams 
Electrical  Engineering 
Dept. 

Carnegie Institute of Tech. 
Pittsburgh 13, Pa. 

0. A. Steele 
1.506 S.W. Montgomery St. 
Portland 1, Ore. 

N. W. Mather 
Dept. of Elec. Engineering 
Princeton University 
Princeton, N. J. 

A. E. Newton 
Stromberg-Carlson Co. 
Rochester 3, N. Y. 

E. S. Naschke 
1073-57 St. 
Sacramento 16, Calif. 

R. L. Coe 
Radio Station KSD 
Post Dispatch Bldg. 
St. Louis I, Mo. 

Rawson Bennett 
U. S. Navy Electronics 
Laboratory 

San Diego 52, Calif. 

L. E. Reukema 
Elec. Eng. Department 
University of California 
Berkeley, Calif. 

J. F. Johnson 
2626 Second Ave. 
Seattle I, Wash. 

C. A. Priest 
314 Hurlburt Rd. 
Syracuse, N. Y. 

C. A. Norris 
J. R. Longstaffe Ltd. 
11 King St., W. 
Toronto, Out., Canada 
0. H. Schuck 
4711 Dupont Ave. S. 
Minneapolis 9, Minn. 

G. P. Adair 
1833 "M" St. N. W. 
Washington, D. C. 

J. C. Starks 
Box 307 
Sunbury, Pa. 

Secretary 

MILWAUKEE  J. J. Kircher 
2450 S. 35th St. 
Milwaukee 7, Wis. 

MONTREAL, QUEBEC R. P. Matthews 
February 25  Federal Electric Mfg. Co. 

9600 St. Lawrence Blvd. 
Montreal 14, P.Q., Can-
ada 

I. G. Easton 
General Radio Co. 
90 West Street 
New York 6, N. Y. 

J. T. Orth 
4101 Fort Ave. 
Lynchburg, Va. 

D. A. G. Waldock 
National Defense 
Headquarters 

New Army Building 
Ottawa, Ont., Canada 

J. T. Brothers 
Phileo Radio and Tele-
vision 

Tioga and C Ste. 
Philadelphia 34, Pa. 

E. W. Marlowe 
560 S. Trenton Ave. 
Wilkinburgh PO 
Pittsburgh 21, Pa. 

NEW YORK 
March 3 

NORTH CAROLINA-
VIRGINIA 

OTTAWA, ONTARIO 
February 19 

PHILADELPHIA 
March 4 

PITTSBURGH 
March 8 

PORTLAND 

PRINCETON 

ROCHESTER 
February 19 

SACRAMENTO 

Sr. LOUIS 

SAN DIEGO 
March 2 

SAN FRANCISCO 

SEATTLE 
February 12 

F. E. Miller 
3122 S.E. 73 Ave. 
I'ortland 6, Ore. 

A. E. Harrison 
Dept. of Elec. Engineering 
Princeton University 
Princeton, N. J. 

J. A. Rodgers 
I-Iuntington Hills .• 
Rochester, N. Y. 

N. J. Zehr 
Radio Station K WK 
Hotel Chase 
St. Louis 8, Mo. 

C. N. Tirrell 
U. S. Navy Electronics 
Laboratory 

San Diego 52, Calif. 

W. R. Hewlett 
395 Page Mill Rd. 
Palo Alto, Calif. 

J. M. Patterson 
7200 -28 N. W. 
Seattle 7, Wash. 

SYRACUSE  R. E. Moe 
General Electric Co. 
Syracuse, N. Y. 

TORONTO, ONTARIO C. G. Lloyd 
212 King St., W. 
Toronto, Ont., Canada 

TWIN CITIES 

WASHINGTON 
March 8 

WILLIAMSPORT 
March 3 

B. E. Montgomery 
Engineering Department 
Northwest Airlines 
Saint Paul, Minn. 
II. W. Wells 
Dept. of Terrestrial Mag-
netism 

Carnegie Inst. of Wash-
ington 

Washington, D. C. 
R. G. Petts 
Sylvania Electric Prod-
ucts, Inc. 

1004 Cherry St. 
Montoursville, Pa. 



248  PROCEEDINGS OF THE I.R.E.  February 

SUBSECTIONS 

Chairman 
P. C. Smith 
179 Ida Avenue 
Akron, Ohio 
J. D. Schantz 
Farnsworth Television 
and Radio Company 

3700 E. Pontiac St. 
Fort Wayne, Ind. 
F. A. 0. Banks 
81 Troy St. 
Kitchener, Ont., Canada 
A. M. Glover 
RCA Victor Div. 
Lancaster, Pa. 
E. J. Ishister 
115 Lee Rd. 
Garden City, L. I., N. Y. 
A. D. Emurian  Moratours  Ralph Cole 
HDQRS. Signal Corps (New York Subsection) Watson Laboratories 
Engineering Lab.  Red Bank, N. J. 

Bradley Beach, N. J.   

Secretary 
Akron  J. S. Hill 

(Cleveland Sub- 51 W . State St. 
section)  Akron, Ohio 

PORT WAYNE  S. J. Harris 
(Chicago Subsection)Farnsworth Television 

and Radio Co. 
3702 E. Pontiac 
Fort Wayne I, Ind. 

HAMILTON  E. Ruse 
(Toronto Subsection)195 Ferguson Ave., S. 

Hamilton, Ont., Canada 
LANCASTER 
(Philadelphia 
Subsection) 
LONG ISLAND 
(New York 
Subsection) 

C. E. Burnett 
RCA Victor Div. 
Lancaster, Pa. 
F. Q. Gemmill 
Sperry Gyroscope 
Great Neck, L. I., N. Y. 

I.R.E. People 

Chairman 
J. B. Minter 
Box 1 
Boonton, N. J. 

A. R. Kahn 
Electro-Voice, Inc. 
Buchanan, Mich. 

W. M. Stringfellow 
Radio Station WSPD 
136 Huron Street 
Toledo 4,0hio 

R. M. Wainwright 
Elec. Eng. Department 
University of Illinois 
Urbana, Illinois 

W. A. Cole 
323 Broadway Ave. 
Winnipeg, Manit., 
ada 

Secretary 
NORTHERN N. J. A. W. Parker, Jr. 
(New York  47 Cobb Rd. 
Subsection)  Mountain Lakes, N. J. 

SOUTH BEND  A. M. Wiggins 
(Chicago Subsection)Electro-Voice, Inc. 
February 19  Buchanan, Mich. 

TOLEDO  M. W. Keck 
(Detroit Subsection) 2231 Oak Grove Place 

Toledo 12, Ohio 

URBANA 
(Chicago 
Subsection) 

M. H. Crothers 
Elec. Eng. Department 
University of Illinois 
Urbana, Illinois 

Witornmc  C. E. Trembley 
(Toronto Subsection)Canadian Marconi Co. 

Can-  Main Street 
Winnipeg, Manit., Can-
ada 

W. A. MARIUSON 

W ARREN A. M ARRISON 

The British Horological Institute's gold 
medal for 1947 has been awarded to Warren 
A. Marrison (A'28—SM'43), a member of the 
technical staff of the Bell Telephone Labora-
tories Inc., in recognition of pioneer re-
searches in the development of the quartz 
crystal clock. The medal is the Institute's 
highest award. It was presented to Mr. 
Marrison by Sir Harold Spencer Jones, 
Astronomer Royal and president of the 
Institute, at its 89th annual general meeting 
in London on October 29, 1947. 
Mr. Marrison was born in Kingston, 

Ontario, Canada, on May 21, 1896, and re-
ceived the B.S. degree from Queens Uni-
versity, Kingston, in 1920, and the M.S. 
degree from Harvard the following year. 
During World War I he was a flying me-
chanic in the Royal Flying Corps. He has 
been associated with the Bell Laboratories 
since that time, working largely on problems 
of frequency standardization and time. 

ALBERT R. HODGES 
Albert R. Hodges (A'33—M'39—SM'43) 

joined Stromberg-Carlson's patent depart-
ment toward the latter part of 1947. He will 
handle patent prosecution and related mat-
ters in the radio and electronic field. 
Mr. Hodges was born in Ridgewood, 

N. J., and was educated at Hamilton College 
and Cornell University. Formerly he was a 
patent attorney with the Sperry Gyroscope 
Company, Inc., of Great Neck, N. Y., and 
with the Airborne Instruments Laboratory 
(Columbia University Division of War Re-
search) at Mineola, N. Y. He has served in 
electrical engineering capacities for General 
Electric, Farnsworth Television and Radio, 
and for Ralph H. Langley, consulting engi-
neer. 
He is a member of the Admissions Com-

mittee and the Technical Committee on 
Radio Receivers of the I.R.E. His booklet on 
radio receivers,  "Better  Buymanship," 
published in 1939, was revised in 1947. 

ALBERT R. HODGES 

CHARLES E. DEAN 

CHARLES E. DEAN 

Charles E. Dean (A'29—M'36—SM'43), 
director of publications of the Hazeltine 
Electronics Corporation, Little Neck, L. I., 
was awarded a Certificate of Commendation 
by the United States Navy for his work and 
responsibility in the writing and production 
of the many thorough technical instruction 
books required for radio equipment de-
signed by the firm. 
The certificate awarded Mr. Dean was 

accompanied by a citation reading in part, 
"This award is made for your outstanding 
supervision and unremitting effort . . .. A 
standard of excellence of such a high de-
gree was achieved that these books were 
considered exemplary as to content, format, 
arrangement and usefulness by both main-
tenance personnel and instructors in Naval 
radar schools. These books covered the 
entire field of radar identification equip-
ment and its interconnection with search 
radar and beacon equipments." 
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JOHN M. CAGE 

MAJOR GENERAL GEORGE L. VAN 
DEUSEN 

On October 16. 1947, following a meeting 
of the Board of Directors of RCA Institutes, 
Inc., announcement was made of the elec-
tion of Major General George L. Van Deusen 
(SM'46) as president and director of the 
Institutes. 
General Van Deusen received the M.S. 

degree from Yale University and the B.S. 
degree from the United States Military 
Academy at West Point in 1909. During 
World War I he commanded the 105th 
Field Signal Battalion, 30th Division, in 
France and Belgium. From January, 1941, to 
January, 1945, he served successively as 
Commanding General, Signal Corps Re-
placement Center, Commandant. Eastern 
Signal Corps Schools, and Commanding 
General, Eastern Signal Corps Training 
Center at Fort Monmouth, N. J., and was 
awarded the Distinguished Service Medal. 
In January, 1945, he became Chief of the 
Engineering and Technical Service, Office of 
the Chief Signal Officer, Washington, D. C. 
General Van Deusen retired from the army 
with the permanent rank of Colonel on 
August 31, 1946. 
RCA Institutes is a technical school de-

voted exclusively to instruction in radio and 
electrical communications and the associated 
electronic arts. It is stated to be the oldest 
school of its kind in America. 

GEORGE L. VAN DEUSEN 

JOHN M. CAGE 
John M. Cage (M'41—SM'43) has re-

cently joined the teaching staff of the School 
of Electrical Engineering, Purdue Univer-
sity, as professor of electrical engineering in 
charge of electronics. Formerly, he was 
manager of industrial electronics at the 
Raytheon Manufacturing Company, where 
he was in charge of engineering, sales and 
production of industrial equipment. 
Professor Cage is a native of Texas. He 

received his bachelor's degree at Iowa State 
College in 1931, and was, for eight years, 
associated with the General Electric Com-
pany, working on electronic research and 
development. For five years he was on the 
faculty of the University of Colorado. He is 
a member of the American Institute of 
Electrical Engineers. 

NEWELL ARROWSMITH ATWOOD 
Commander Newell A. Atwood ('46) 

United States Navy, reported early in Janu-
ary to the New York Naval Shipyard in 

N. A. ATWOOD 

Brooklyn, New York, for duty as Electron-
ics Officer, relieving Captain R. M. Huebl, 
United States Navy, who will remain as 
Industrial Engineering Officer. 
Commander Atwood was born in Urbana, 

Ohio, on January 20, 1907, and received the 
A.B. degree from the University of Michigan 
in 1932, and the LL.B. degree from the 
George Washington University Law School. 
An active radio amateur since 1933, Com-
mander Atwood has used station calls 
W8KOX and W3KTR. He was a member of 
the United States Naval Communication 
Reserve since 1933, and was appointed 
electronics engineering officer in 1946. 
During the war years he served with the 
Naval Research Laboratory, the Bureau of 
Ships, the Office of Naval Research, and the 
Norfolk Naval Shipyard. He was awarded 
the American Defense Medal, the American 
Theatre Medal, the World War II Victory 
Medal, the Naval Reserve Medal, and a 
Letter of Commendation from the Secretary 
of the Navy. He is a member of Delta Theta 
Phi Legal Fraternity and a registered patent 
attorney. From 1926 to 1927 he was con-
nected with the research laboratories of the 
National Carbon Company, Cleveland, 
and from 1929 to 1936 he was on the faculty 
of the University of Michigan. He practiced 
patent law in Washington, D. C. from 1936 
until he took up active navy duty in 1941. 

KNOX NICILWAIN 

KNOX MCILWAIN 
Knox McIlwain (A'31—M'40—SM'43), 

chief consulting engineer of the Hazeltine 
Electronics Corporation, Little Neck, L. I., 
was awarded a Certificate of Commendation 
by the United States Navy for his achieve-
ments duripg World War II. The certificate 
was accompanied by a citation reading, 
"This award is made for your outstanding 
supervision and great personal effort, as a 
Senior Department Head of the Hazeltine 
Electronics Corporation, in the design of 
test equipment which was of vital mpor-
tance to the efficient and effective operation 
of Naval radar identification equipment." 

WILLIAM A. MACDONALD 

William A. MacDonald (A'19—M'26— 
SM'43), president of the Hazeltine Elec-
tronics Corporation, New York City, was 
recently presented the President's Certifi-
cate of Merit for his distinguished services 
during World War II. The text of the 
certificate was as follows: "The President of 
the United States of America awards this 
Certificate of Merit to William A. Mac-
Donald for outstanding fidelity and meri-
torious conduct in the aid of the war effort 
against the common enemies of the United 
States and its Allies in World War IL" The 
certificate was accompanied by a letter of 
transmittal pointing out his outstanding 
services in the field of electronics which 
proved to be an invaluable contribution. 

Wm. A. MACDONALD 
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Board of Directors 
December 10, 1947 

Approval of Executive Committee Action 
of November 11, 1947. The Board of Direc-
tors, on recommendation of the Executive 
Committee, approved Executive Committee 
actions taken on this date (a copy of which 
had been mailed to the Board members): 
(1) That the Board adopt the recommenda-
tion of the Executive Committee that a 
Technical Committee on Audio and Video 
Techniques be established to cover the 
standardization of terminal equipment, and 
that the Constitution and Laws Committee 
be instructed to prepare the necessary By-
law, and that Mr. Lack confer with the 
Chairmen of the Standards Committee and 
any other interested committees in determi-
nation of the scope of the committee. (Unan-
imously approved.) (2) That the Board 
adopt the recommendation of the Executive 
Committee that the appointment of Dr. 
F. B. Llewellyn as the I.R.E., Representa-
tive on the ASA Electrical Standards Com-
mittee be approved. (Unanimously ap-
proved.) (3) That the Board adopt the rec-
ommendation of the Executive Committee 
that the President be authorized to appoint 
one or more representatives of the I.R.E. on 
the RMA Spring Meeting Committee, which 
is handling the Syracuse Transmitter Meet-
ing, and that the I.R.E. absorb, with the 
RMA the cost of this meeting over and 
above the income. (Unanimously approved.) 
President Baker appointed V. M. Gra-

ham, Chairman, E. A. Laport, I.R.E. Repre-
sentative, and announced M. R. Briggs as 
RMA Representative. 
Student Brand.. Mr. Lack moved that 

the Board approve the petitions for the for-
mation of student branches at the following 
schools: University of Arkansas (I.R.E. 
Branch); Wayne University (I.R.E.-AIEE 
Branch). 
Citation. President Baker stated that, 

since this was the last meeting of the Board 
of Directors for 1947, he wished to express 
his appreciation of the fine spirit of co-
operation in which the Directors had acted 
throughout the year. He had greatly en-
joyed his association with the Board. At this 
point, Mr. Pratt arose and suggested that all 
the Directors arise to express their approval 
of his motion that the Board recognize the 
commendable  leadership  of  President 
W. R. G. Baker during the year 1947, par-
ticularly his success in making beneficial con-
tacts with other groups and professional or-
ganizations, and for his activities in strength-
ening the fiscal position of the Institute. The 
Board arose and applauded. 

Executive Committee 
December 9, 1947 

RMA of Canada. Both R. A. Hackbusch, 
and S. D. Brownlee, executive secretary 
of the RMA of Canada, have written 
Editor Goldsmith that the request of the 
I.R.E. for material from the Canadian 
RMA, for possible inclusion in the "Indus-
trial Engineering Notes" in the PROCEED-
INGS, has been favorably acted upon by the 

Board of Directors. The Institute has been 
placed on the mailing list for receipt of this 
material. The Editor has established the 
necessary routine in the Editorial Depart-
ment to handle these items. 
Schools of Recognized Standing. Mr. Lack 

moved that the President be authorized to 
appoint a committee to review schools which 
are not accredited in the Educational Direc-
tory, Part III, of the Office of Education of 
the Federal Security Agency, in the follow-
ing two categories: (1) schools now making 
applications for student branches, or from 
whom individual student applications are 
being received; (2) schools which have been 
adopted by the Board in the past but which 
are not accredited in the Directory, and this 
committee to come up with a definite recom-
mendation as to whether these schools 
should be retained, and also a ruling on all 
new schools. (Unanimously approved.) 
I.R.E. Representatives on ASA Commit-

tees. Mr. Lack moved that the following be 
appointed as I.R.E. Representatives on ASA 
Committees: ASA Sectional Committee C-
63, C. C. Chambers; ASA Sectional Com-
mittee C-42: A. B. Chamberlain. 
"Methods of Testing the Sound and Video 

Sections of Television Receivers." Copies of 
"Methods of Testing the Sound and Video 
Sections of Television Receivers" were 
mailed to the Television Committee and 
Subcommittee members November 7. At a 
meeting of the Television Committee held in 
Rochester November 19 to review this mate-
rial, a new task group was established under 
the Television Committee to expedite final 
drafting of these sections. This group is 
presently at work and plans to complete the 
final draft of revisions by the end of Decem-
ber. Mr. Lack stated that it is proposed 
that this standard will be published no later 
than May. 
ASA Electrical Standards Committee. Mr. 

Lack moved that the executive committee 
recommend to the Board that the appoint-
ment of F. B. Llewellyn as the I.R.E. 
Representative on the ASA Electrical 
Standards Committee be approved. (Unan-
imously approved.) 
Sections Committee Chairman. Mr. S. L. 

Bailey moved that Alois W. Graf be ap-
pointed chairman of the Sections Commit-
tee for 1948. (Unanimously approved.) 
Admissions Committee Chairman. Mr. 

Henney moved that George T. Royden 
be appointed chairman of the Admissions 
Committee for 1948. (Unanimously ap-
proved.) 
Public Relations Committee Chairman. 

Mr. Henney moved that Virgil M. Gra-
ham be appointed chairman of the Public 
Relations Committee for 1948. (Unani-
mously approved.) 
Education Committee Chairman. Mr. 

Pratt moved that F. E. Terman be ap-
pointed chairman of the Education Com-
mittee for 1948. (Unanimously approved.) 
Membership Committee Chairman. Mr. 

Henney moved that Beverly Dudley be 
appointed chairman of the Membership 
Committee for 1948. (Unanimously ap-
proved.) 
President Baker stated, that since this 

was the last Executive Committee meeting 
of the year 1947, he wished to thank the 
Committee for their fine spirit of co-opera-

tion throughout the year and that he much 
enjoyed his association with the Committee. 
The same sentiment was expressed by the 
Committee to President Baker. 

ANNUAL MEETING 

The Annual Meeting of The Insti-
tute of Radio Engineers will be held on 
March 22, 1948, at 10:30 A.M. in the 
Grand Ballroom of the Hotel Commo-
dore, New York City. 

I.R.E. CINCINNATI CONFERENCE 

The Cincinnati Section of the Institute 
of Radio Engineers is sponsoring its second 
annual Spring Technical Conference on 
Saturday, April 24, 1947, in Cincinnati, at 
the  Engineering  Society  Headquarters 
Building. The Conference will feature tele-
vision, and a number of prominent speakers 
are expected to present papers. Among 
other things there will be demonstrations of 
television receivers, and components. 

VAGARIES OF CHANCE? 

The Chairman of the Admissions Com-
mittee of The Institute, George T. Royden, 
has called attention to a remarkable co-
incidence, of a type unlikely to occur again 
for many years. It appears that C. H. Smith 
of Anchorage, Alaska, and W. N. Smith of 
Anchorage, Kentucky, were simultaneously 
admitted as Members of the I.R.E.! The 
Institute membership will welcome these 
gentlemen and will, it is believed, be im-
pressed by the occasional strange vagaries of 
pure chance. 

Industrial 
Engineering 
Notes 
HIGH-SPEED LENS DEVELOPED 

According to an Army announcement 
late in November, 1947, the fastest known 
high-speed all-refracting photographic lenses 
have been developed by Edward K. Kap-
relian, chief of the Photographic Branch at 
the Squier Signal Laboratory, Fort Mon-
mouth N. J. "The relative aperture system 
of the new lens can be made as large as 
f/0.6 approaching the theoretical maximum 
of f/0.5," according to the Signal Corps 
Engineering Laboratories, and they are used 
in making photographs under conditions of 
extremely low light level. It is said that they 
are particularly suitable for making motion 
pictures of x-ray fluorescent screens and of 
cathode-ray tube traces. 

1 The data on whi.ch these NOTES are 
based were selected, by permission, from 
"Industry Reports," issues of November 21, 
and 28, and December 5, and 12, 1947, pub-
lished by the Radio Manufacturers' Asso-
ciation, whose helpful attitude in this mat-
ter is here gladly acknowledged. 
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REPORTS ON GERMAN DEVELOPMENTS 

The universal condenser microphone, be-
lieved to be the first single-transducer uni-
directional microphone to be made, and 
technical details on other German sound re-
cording and reproducing equipment, are 
described in three reports released toward 
the latter part of November, 1947, by the 
Office of Technical Services. They are: 
PB-79584, German universal condenser 
microphone, 25 cents. PB-80572, filter de-
sign for communication systems; microfilm 
or photostat, $1.00. PB-69125, sound re-
cording. reproducing and other electro-
acoustic targets; microfilm, $1.00; photostat, 
$2.00. Four pamphlets were also issued by 
the OTS on German wartime telephone tech-
nology. The reports discuss coaxial cable 
and associated telephone and television 
systems, PB-1297; quadded toll cables, 
PB-1298; and rural telephone services and 
carrier telephone systems, PB-1299. All 
these reports and pamphlets may be pur-
chased at the Office of Technical Services, 
Department of Commerce, Washington 25, 
D. C. 

•  •  • 

A report released toward the end of 1947 
by the OTS describes the use of special 
ceramics in German communication equ;p-
ment. Some of these are: titanium-dioxide 
thermistors, carbon-film fixed resistors on 
ceramic forms, and magnetic ceramic mate-
rials. The report, PB-1292, mimeographed, 
is priced at $1.00 and may also be obtained 
from OTS at the above address. 

•  •  • 

A new type of cathode-ray tube de-
veloped by a German inventor is capable of 
storing images over long periods of time. It 
is described in a report on sale by the OTS. 
The tube was developed with the idea of 
eliminating flicker in television pictures. 
Copies of the report (PB-78273) may be ob-
tained by sending a check or money order for 
75 cents, payable to the Treasurer of the 
United States, to the Office of Technical 
Services, Department of Commerce, Wash-
ington 25, D. C. 

Another technical research report re-
leased by OTS describes new developments 
in high-current carbon lights. According to 
this report, the high-current carbon arc is of 
significant importance "to tilt future de-
velopment of more powerful searchlights, 
better movie studio illumination, and im-
proved motion picture projectors." Report 
(PB-81644) mimeographed, is priced at 
$5.75. 

STUDY OF SOLAR RADIO NOISE 

The National Bureau of Standards an-
nounced in December, 1947, that govern-
ment scientists have initiated a project for 
the observation and analysis of radio noise 
generated by the sun, a companion project 
to cosmic radio noise studies already in 
progress. They will seek to determine the 
range of frequencies broadcast from the sun, 
received intensities, and correlation of solar 
noise with other solar, interstellar, and ter-
restrial phenomena. This investigation will 
be conducted at the Bureau's propagation 
laboratory at Sterling, Virginia. 

REPORT ON ARMY'S RESEARCH PROGRAM 

A summary of the Army's research and 
development program, both current and 
projected, including radio, radar, and elec-
tronic projects, was recently released by the 
Research and Development Division of the 
General Staff of the United States Army. 
The 109-page booldet, entitled "War 

Department Research and Development 
Program Fiscal Year 1949," describes the 
Army's over-all projects for the 1949 fiscal 
year and briefly discusses anticipated 1950 
operations. 
Under current projects of applied research 

in the radio communications field, the Signal 
Corps referred to its contracts with educa-
tional institutions, commercial laboratories, 
and other government agencies These in-
clude work on electron tubes; propagation 
studies in frequency ranges potentially suit-
able for radio relay equipment; research on 
stable filters, on detectors for f.m. sets, fre-
quency stability and calibration accuracy in 
receivers, on circuits for improving the 
sensitivity characteristics of receivers, and 
on the power drain in receivers; work on 
antennas, and work on reduction of receiver 
radiation. Projects covering the develop-
ment of equipment included a series of radio 
receivers; extremely lightweight and short-
range miniature v.h.f. radio transmitter-
receiver sets; man-pack, short-range v.h.f. 
radio sets; h.f. man-pack, longer-range 
radio sets adaptable for vehicular mounting; 
and a series of I.f., i.f., and h.f. devices for 
mobile use and adaptable for air transporta-
tion, and relay equipment. 
The report said that the Signal Corps is 

continuing radar research on basic theories 
to obtain data for increasing range, for bet-
tering resolution and accuracies, for widen-
ing the frequency bands over which equip-
ments may operate, and to develop new 
methods of construction and utilizing 
equipment. The Signal Corps also is carry-
ing out projects looking toward the de-
velopment of improved radio direction 
finders and navigation devices to replace 
those now in service. 
Television studies are underway to in-

dicate the most advantageous utilization of 
television pictures with the smallest pos-
sible frequency band widths. The Signal 
Corps also is studying methods of develop-
ing television equipment for operation under 
extremely low light conditions. 
The Air Forces is working on detection 

and tracking equipment, u.h.f. communica-
tions equipment, and navigation equipment, 
and is co-operating with the Signal Corps 
and Navy Department on projects involving 
tubes and parts. 
The research document was issued under 

the signature of Colonel E. A. Routheau, 
Chief, Research Group. 

DIATHERMY AND INDUSTRIAL 
FREQUENCIES CHANGED 

The Radio Administrative Conference 
held last summer at Atlantic City, N. J., 
resulted in the first international provision 
for use of frequencies by radio devices used 
for industrial, scientific, and medical pur-
poses, the F.C.C. explained in announcing 

proposed changes in its rules governing 
these devices. 
Under the proposed amended rules 

(Public Notice 14395), abandonment of the 
old frequencies will not be required until 
July 1, 1952. "However," the F.C.C. said, 
"it is expected that manufacturers of dia-
thermy equipment who have already ob-
tained type approval of equipment will wish 
to make the necessary minor changes in 
such equipment." The frequency band, the 
center frequency of channel, and the toler-
ance from the center frequency stipulated 
in the Atlantic City Radio Regulations are 
as follows: 

Center Tolerance 
Fre-  from 

Assigned Band,  quency of Center 
Kilocycles  Channel,  Fre-

Kilo-  quency, 
cycles Kilocycles 

13,553.22-13,566.78  13,560  ± 6.78 
26,957.28-27,282.72  27,120  +162.72 
40,659.66-40,700.34  40,680  ± 20.34 

In general, the changes which apply to 
diathermy equipment also apply to in-
dustrial heating equipment, the F.C.C. 
pointed out. 

F.C.C. APPROVES TELEPHONE RECORDERS 

On January 15, 1948, the F.C.C. put into 
effect an order approving the use of a record-
ing device which reproduces telephone con-
versations. This is subject to an automatic 
tone warning that notifies all parties so 
engaged that their conversation is being 
recorded. The F.C.C. said that this device 
may be furnished or maintained by anyone, 
whether or not a telephone company, pro-
vided it meets certain characteristics. 

WARNING ON USE OF SURPLUS 
RADAR EQUIPMENT 

A quickened interest in the use of radar 
equipment for training purposes in colleges 
and other educational institutions elicited 
some comments from the F.C.C. recently. 
The Commission pointed out the possibility 
of interference from radar transmitters to 
the regular radio services, and also the neces-
sity for securing both station and operator 
licenses. The radar equipments in circula-
tion, the F.C.C. further said, are war-born 
devices, and not necessarily engineered to 
operate on frequencies in accordance with 
the F.C.C. table of frequency allocations. 
West Virginia University was the first 

educational institution to receive a grant 
from the Commission to use radar equip 
ment for the purpose of training students in 
its theory and operation. This was issued at 
the end of November, 1947. 

SECOND LIST OF INVENTIONS 
ISSUED By OTS 

Inventions for which the Government 
holds the right to file fore:gn patent applica-
tions, including more than forty electronic 
patents, were recently described in a second 
listing issued by the Office of Technical Serv-
ices, United States Department of Com-
merce. These patents, which individual con-
cerns registered abroad for the general 
benefit of American industry, were valid 
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only if registered before December 31, 1947. 
Government owned patents, the OTS said, 
are made available to American business and 
industry on a royalty free, non-exclusive 
licensing basis. 

COMMERCIAL AND COLLEGE 
LABORATORIES LISTED 

The National Bureau of Standards has 
compiled a list of 220 commercial labora-
tories, with 30 branches or offices, and 189 
college laboratories used for research and 
testing as well as instruction. The list is ar-
ranged both geographically and alphabeti-
cally. Miscellaneous Publication M187, en-
titled Directory of Commercial and College 
Laboratories, may be obtained from the 
Superintendent of Documents, Washing-
ton 25, D. C., at 30 cents per copy. 

I.R.E. ANNUAL AWARDS 

The I.R.E.'s 1948 Medal of Honor has 
been awarded to L.C.F. Horle (A'14—M'23— 
F'25), chief engineer of the RMA Data 
Bureau, "for his contributions to the radio 
industry in standardization work, both in 
peace and war, particularly in the field of 
electron tubes, and for his guidance of a 
multiplicity of technical committees into 
effective action." 
S. W. Seeley (M'40—SM'43—F'43) will 

receive the Morris Liebmann Memorial 
Prize, and W. H. Huggins (S'39—A'44) will 
receive the Browder J. Thompson Memorial 
Prize. These awards will be officially con-
ferred upon the recipients at the 1948 I.R.E. 
National Convention in New York in 
March. 

MOBILE RADIO SERVICES NEEDS 

From December 8 to 12, 1947, lengthy 
technical hearings involving twelve issues 
relating to the General Mobile Services 
furnished the six-member Federal Com-
munications Commission with a voluminous 
record of testimony regarding two-way 
radio communication. The witnesses repre-
sented taxicab organizations, bus com-
panies, telephone operating concerns, and 
three radio manufacturing companies. 
The F.C.C. presented 16 exhibits includ-

ing one showing a total of 617 land stations 
and 22,720 mobile units licensed in the 
General Mobile Service. Construction per-
mits for another 607 land stations and 
15,150 mobile transmitters have been is-
sued, bringing the total authorizations to 
1,224 land stations and 37,870 mobile sta-
tions. The F.C.C. has also received applica-
tions for 130 land stations and 2,810 mobile 
units. 
Taxicab firms and bus companies are 

opposed to any allocation plan which re-
quires "bulk" users in the mobile field to 
subscribe to a common-carrier service. They 
prefer a choice of service for large radio 
users and exclusive frequencies assigned 
to them. An over-all increase in the number 
of frequencies assigned to the General Mo-
bile Services is desired. 
Throughout the hearings Commission 

members indicated that they thought many 
of the troubles of the taxi concerns could be 
overcome by closer co-operation and co-

ordination between the users of two-way 
mobile radio equipment. 

MEETING OF MARINE SERVICES 

The executive committee of the Radio 
Technical Commission for Marine Services 
held its regular monthly meeting on Decem-
ber 3, 1947, in the Old State Department 
Building. 

TELEVISION CHANNEL A 
THREE-CORNERED BATTLE 

All six members of the F.C.C. attended the 
five-day hearing, November 17 to 21, pre-
sided over by Paul A. Walker, acting chair-
man. Television, f.m., and mobile interests 
are striving to protect or better their posi-
tions in the frequency spectrum. Thirty-six 
companies and organizations presented their 
claims. 
F.m. interests termed television a "lux-

ury service," and the spokesmen for both 
the Zenith Radio Corporation and the 
Stromberg-Carlson Company, J. E. Brown 
(A'24—M'28—SM'43), and Lee McCanne 
(A'36—SM'45), respectively, urged the F.C.0 
to return to the 44- to 50-Mc. band. Another 
of the two-score witnesses which represented 
the various interests believed that eventually 
television would absorb f.m. because of the 
added video interest. There were a few sug-
gestions that television should be moved to 
the higher frequencies at once, but all wit-
nesses were in substantial agreement that 
sharing of Television Channel No. 1 with the 
Mobile Services is detrimental to each serv-
ice, and practically all agreed that the F.C.C. 
proposal concerning such interference had 
merits. However, there were a few strong 
hints and some direct statements addressed to 
the F.C.C. to the effect that various Govern-
ment departments and agencies have been 
assigned more frequencies than are justified 
by their needs. These Government alloca-
tions are in reality the responsibility of the 
Interdepartmental Radio Advisory Com-
mission, on which the F.C.C. has only one 
vote. Nevertheless, if the F.C.C. decides to 
abolish sharing of the proposed television 
channels, it is understood the Government 
will relinquish its frequencies in the remain-
ing two television channels. 
In general the television spokesmen con-

ceded that twelve channels without the shar-
ing requirement would be better than thir-
teen with that proviso, but that television 
needs additional frequencies for growth. 
J. E. Brown said that the 88- to 108-Mc. 

allocation to f.m. is entirely inadequate, 
based "on engineering errors and failure to 
consider the facts involved." Addition of a 
second f.m. tuning band to a radio receiver, 
Mr. Brown stated, would not substantially 
raise its cost to the public. Lee McCanne, 
vice-president and general manager of 
Stromberg-Carlson, agreed in this. Zenith 
has sold about 40 per cent of the industry's 
total a.m.-f.m. table models. Stromberg-
Carlson produced 11 per cent of the reported 
industry production, prewar and postwar, 
up to October 1, 1947, of 1,220,000 f.m.-a.m. 
receivers. Mr. McCanne testified that a 
recent survey of manufacturers showed a 
total of 635,000 sets capable of receiving the 
44- to 50-Mc. band as compared to 585,000 

sets capable of receiving the higher f.m. 
band only. Edwin H. Armstrong (A'14—F'27) 
and Everett L. Dillard (A'38), FM Associ-
ation president, also urged that F.C.C. 
assign the lower band permanently to f.m. 
The FMA asked for this band for wide-area 
relay purposes only. As the representative of 
the Allen B. DuMont Laboratories, T. T. 
Goldsmith (Jr. A'38—SM'46) presented de-
tailed technical exhibits showing results of 
tests revealing television interference from 
various other services and urged the F.C.C. 
to grant the video industry enough space for 
further expansion. F. J. Bingley (A'34— 
M'36—SM'43), of the Philco Corporation, 
emphasized the fact that "television, like 
standard broadcasting, is designed to reach 
the entire American public in their homes 
and to furnish them with a medium of hour-
by-hour education and entertainment." He 
opposed the F.C.C. proposal and noted that 
more than twelve channels should be pro-
vided to meet, among other things, the 
problem of the television channels available 
to smaller communities. Daniel E. Noble 
(A'25—SM'44—F'47), of Motorola, Inc, pre-
sented evidence for RTPB Panel 13 which he 
described as representing the users of mobile 
equipment. He characterized the F.C.C. pro-
posal as "inadequate," and suggested that 
Channel No. 1 be set aside for the exclusive 
use of the Mobile Services and that the 
72- to 76-Mc. band and all unoccupied ad-
jacent channel television bands be made 
available to mobile equipment users to the 
extent to which they may be used without 
interference to other services. 

356 F.M. STATIONS ON THE 
AIR END OF 1947 

On December 11, 1947, F.C.C. records 
showed a total of 356 f.m. stations on the 
air. New stations are: Reading, Pa. (WEEU-
FM);  Meriden,  Conn.  (VVMMV-FM); 
Waterloo, Iowa (KXEL-FM); Roanoke 
Rapids, N.C. (WCBT-FM); Shelby, N. C. 
(WOHS-FM); Shelbyville, I. (WSRK); 
Paterson,  N.  J. (WWDX); Winston-
Salem, N. C. (WSJS-FM); 'Suffolk, Va. 
(WLPM-FM); Greenfield, Wisc. (WWCF); 
San Francisco, Calif. (KQW-FM); Chico, 
Calif. (KM PC-FM) ; Bellaire, Ohio (WTRF-
FM); Albany, Ore. (KWIL-FM); Cleveland 
Heights, Ohio, (WSRS-FM); Roanoke, Va. 
(WSLS-FM); San Antonio, Tex. (KONO-
FM); Port Huron, Mich. (VVTTH-FM); 
Danbury, Conn. (WLAD-FM); Neenah, 
Wisc. (WNAM-FM); Poughkeepsie, N. Y. 
(WVA); Portland, Me. (WGAN-FM), and 
Roanoke, Va. (WROV-FM). 
Three conditional grants for new f.m. 

stations, and one construction permit for a 
commercial television station, were issued in 
November, 1947. They were for Houston, 
Tex., Burlington, N. C., and Harding Col-
lege, Memphis, Tenn. The television station 
is to be erected at Harding College. 

EXCISE COLLECTIONS SHOW 
INCREASED SALES 

October sales of radio sets, phonographs, 
and component parts, reached a new high 
of $5,513,134.48, in October, 1947. This, as 
shown by the collection of excise taxes by 
the United States Bureau of Internal Reve-
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flue, was an increase of almost 2 million dol-
lars over the September, 1947, sales which 
amounted to $3,623,929.13, and more than a 
half-million dollars above the October, 1946 
sales, amounting to $4,996,204.00. 

TUBE SALES SHOW INCREASE 

According to an RMA tabulation, sales 
of radio receiving tubes in October, 1947, 
totalled 20,343,796, an increase of 3,958,249 
over September's. Cumulative sales from 
January to October, 1947, inclusive, were 
165,884,528. 

SET OUTPUT ESTIMATED AT 
SEVENTEEN MILLION IN 1948 

A new publication of the Department of 
Commerce, which is designed to furnish a 
monthly summary of business information 
to the trade publications and associations, 
estimated recently that radio receiving set 
production in 1948 is expected "to approxi-
mate the 1947 volume of about 17 million 
units." 
"Any loss in the production of standard 

a.m. sets," the article stated, "is expected 
to be offset by a gain in a.m.-f.m. and tele-
vision sets. Total production of sets equipped 
to receive f.m. will probably be several mil-
lion as a result of increased broadcasting 
coverage. The Department estimated that 
television receivers produced in 1948 would 
total around 750,000 and that by the end of 
this year nearly 1 million sets will be in use. 

RADIO-APPLIANCE SALES AT NEW HIGH 

The October sales figure of $193,000,000 
was up 12 per cent over September and 25 
per cent over October, 1946. Sales for the 
year through October were up 47 per cent 
mer the corresponding 1946 period. Sales of 
appliance and specialty wholesalers totalled 
$16,306,000, a 60 per cent increase over 
October, 1946, and 19 per cent over Septem-
ber of this year. Sales for 1947 through Octo-
ber were up 67 per cent over the same 1946 
period. 

SET SHIPMENTS OVER 100 THOUSAND 

More than 100,000 receiving sets were 
exported during October, 1947, according 
to the United States Department of Com-
merce. Foreign shipments of radio equip-
ment in October totalled 4,866,265 units 
valued  at  $9,014,503, compared  with 
5,468,689 valued at $8,075,631 in September. 
Receiving sets exported numbered 107,779 
valued at $4,142,437, against 97,768 valued 
at $3,514,942 in September. 

OCTOBER RADIO, TELEVISION OUTPUT 
BREAKS ALL INDUSTRY RECORDS 

Radio set production, including televi-
sion and f.m.-a.m. receivers, broke all indus-
try records in October, an RMA tabulation 
of weekly Haskins & Sells reports for the 
five weeks ending October 31 revealed. For 
the first time in the industry's history more 
than 2,000,000 radio and television receivers 
were manufactured by RMA member-com-
panies, in one month. October's record out-
put covered five working weeks, September 
29 through October 31, but the average 

weekly output was well above that for the 
past ten months. 
F.m.-a.m. sets produced in October num-

bered 151,244 and were well above the pro-
duction of any other month this year. Tele-
vision receivers manufactured also reached a 
new high of 23,693, although the September 
reported figure of 32,719 was higher due to 
the inclusion of 16,991 sets produced earlier 
but not reported. Total radio and television 
set production by RMA manufacturers 
numbered 2,002,303 in October and brought 
the 1947 ten-month total to 14,364,218. 
F.m.-a.m. sets for the ten months totalled 
830,106, while television receivers for the 
same period numbered 125,081. The televi-
sion set production in October represented 
an increase of 110 per cent over the average 
output for the previous nine months. 
October f.m.-a.m. sets included 49,319 

table models, 555 converters and tuners, 656 
consoles, and 100,714 radio-phonograph con-
soles. Television receivers included 13,503 
radio table models, 10,181 consoles and ra-
dio-phonograph combinations, and 9 con-
verters. 
Sales to manufacturers were 85.84 per 

cent of sales in October, 1946, as compared 
with the September percentage of 97.7 per 
cent. Sales to jobbers were 88.99 per cent of 
those during the corresponding month last 
year and about equal to the September per-
centage of 88.78. 

RMA ACTIVITIES 

Toward the latter part of November, 
1947, L. C. F. Hone A'14-M'23-F'25), 
chief engineer of the RMA Data Bureau, was 
reappointed for a three-year period as RMA 
representative on the Standards Council of 
the American Standards Association. Virgil 
M. Graham, associate director of the RMA 
engineering department, was named alter-
nate. 

• • • 

RMA members received copies of the 
RMA Trade Directory and Membership 
List at the close of 1947. The directory also 
lists division members and includes the re-
cently adopted and recommended war-
ranties for radio parts manufacturers, and 
the standard warranty for set manufac-
turers. It lists all committees. 

•  •  • 

RMA director Walter Evans, of Balti-
more, Md., has been appointed a director of 
JETBC, representing the National Electrical 
Manufacturers Association, according to in-
formation received from NEMA.  Mr. 
Evans succeeds A. C. Streamer, who has 
retired from NEMA activities. 

•  •  • 

L. C. F. Horle, chief engineer of the 
RMA engineering department, recently in-
formed the Atomic Energy Commission, 
the Navy Department, and the Army-
Navy Electronic and Electrical Standards 
Agency that the RMA Data Bureau, on the 
basis of requests of the armed services, is 
now prepared "to operate in the field of elec-
tron tube type designation in its special ap-
plication to counter tubes." Provisions now 
exist for making available to all makers of 
counter tubes the type designation assign-
ment facilities of the Data Bureau. 

RMA-I.R.E. COMMITTEE 
MEETING IN CHICAGO 

During the annual RMA mid-winter con-
ference in Chicago there was a joint meeting 
of the Executive Committee and Section 
Chairmen of the RMA Transmitter Division. 
S. P. Taylor, of New York, presided as 
chairman at the January 21 meeting. On the 
same day the Executive Committee of the 
Amplifier and Sound Equipment Division 
held a meeting under the chairmanship of 
Fred D. Wilson, of Chicago. 

RMA-I.R.E. ROCHESTER 
FALL MEETINGS 

New developments in the radio and elec-
tronic field were under discOssion at the 
RMA-I.R.E. Rochester Fall Meeting. Mem-
bers of the RMA engineering department, 
members of the I.R.E., and some members of 
the Canadian RMA attended the three-day 
sessions which took place at the Sheraton 
Hotel from November 17 through 19, under 
the chairmanship of Virgil M. Graham 
(A'24-M'27-F'35). 
Fred S. Barton (F'35), director of Com-

munications Development for the British 
Ministry of Supply and formerly director of 
radio engineering for the British Air Com-
mission in Washington, was awarded the 
anndal citation of the Rochester Fall Meet-
ing "in recognition of his great accomplish-
ments in bringing about many firm and last-
ing friendships in the radio engineering pro-
fession in the United States, Canada, and 
England through his unfailing good humor, 
kindliness, and understanding of the other 
fellow's point of view." Speaking on the 
status of the radio industry in the United 
Kingdom, Mr. Barton said that about 25 
per cent of the industry's output is now 
being exported. He exhibited an automati-
cally manufactured type of receiver which 
has recently gone into production in Eng-
land. 
E. Finley Carter (A'23-F'36), vice-

president in charge of engineering of Syl-
vania Electric Products, Inc., spoke on 
"Engineering Responsibilities in Today's 
Economy." He urged engineers to assume a 
greater responsibility for the applications, 
as well as the developments, of their engi-
neering skill. 
A plea for more simple designs in radio 

receivers to enable the maintenance man to 
make repairs more easily was made by A. C. 
W. Saunders (M'47) of the Saunders Radio 
and Electronic School. 

RMA MEETINGS 

The following RMA engineering meet-
ings were held: 
December 2—Committee on Amplifiers 
December 2—Committee on Speakers 
December 2—Executive Committee 
December 3—Committee on Micro-

phones 
December 3—Subcommittee on An-

tennas 
December 5—Task Group B 
December 10—Subcommittee on Point-

to-Point Communication 
December 16—Subcommittee on 12-Inch 

Bulb Standardization 
January 9—Subcommittee on Tube 

Sockets 
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Books 

Elementary Nuclear Theory, by 
H. A. Bethe 

Published (1947) by John Wiley & Sons, 
Inc., 440 Fourth Avenue, New York 16, 
N. Y. 121 pages +6-page index +17-page 
appendix +vi pages. 17 figures. 51 X 81 
inches. Price, $2.50. 

This slender volume is a set of notes on a 
series of twenty lectures given by Prof. H. A. 
Bethe to engineers and scientists of the Gen-
eral Electric Company, covering selected 
topics in the modern theory of nuclear forces 
from an empirical point of view. Because of 
the condensed lecture-note style, the book 
contains far more meat than its 121 pages of 
text would imply offhand. 
The first section covers the descriptive 

theory of nuclei. After a brief review of basic 
facts about nuclei and our knowledge of 
their size, beta disintegration, nuclear spin 
and statistics, and the neutrino are de-
scribed. The main portion of the book is de-
voted to the quantitative theory of nuclear 
forces. In this part the deuteron is treated at 
some length since it enjoys in nuclear theo-
ries much the same position that the hydro-
gen atom holds in atomic theory. The topics 
covered include the physical properties of 
the proton, neutron, and deuteron, the 
ground state of the deuteron, scattering of 
neutrons by free and bound protons, inter-
action of the deuteron with radiation, 
proton-proton scattering, noncentral forces, 
and saturation of nuclear forces. The meson 
theory of nuclear forces is given only a very 
brief treatment, since it is not yet in a form 
that permits useful predictions. In the third 
section of the book beta disintegration and 
the compound nucleus are discussed. A 
seventeen-page table of nuclear species is 
given as an appendix. 
In selecting his topics Professor Bethe 

has tried to emphasize the fundamental as-
pects of the theory; therefore, discussion is 
centered on the simplest nuclei, and topics 
such as fission and the theory of complieated 
nuclei are omitted. The theory of alpha 
radioactivity is also omitted, since it can be 
found in many of the standard texts on 
quantum mechanics. 
The book will be of greatest value to 

those whose knowledge of nuclear physics 
was acquired some years ago and who wish 
to bring themselves up to date on the mod-
ern theory. For this purpose it has no rival. 
In addition to some acquaintance with nu-
clear physics, a familiarity with the concepts 
and methods of quantum mechanics is as-
sumed. Professor Bethe's lectures are clear, 
well-organized, and very much to the point, 
and the note-takers, Melvin Lax, Conrad 
Longmire, and Arthur S. Wightman, are to 
be congratulated on an excellent job. 

J. B. H. KUPER 
Brookhaven National Laboratory 

Upton, L. I., N. Y. 

Principles and Practice of Elec-
trical Engineering, by Alexander 
Gray (Revised by 
G. A. Wallace) 
Published (1947) by McGraw-Hill Book 

Company, Inc., 330 West 42 Street, New 
York 18, N. Y. 551 pages+8-page index 
+xv. 487 illustrations. 6X9 inches. Price, 
$4.50. 

This is the sixth edition of a work which 
first appeared in 1914; the fourth revision 
prepared since the death of Professor Gray 
in 1921. 
The book was written for college stu-

dents, specializing in branches other than 
electrical engineering, who desire a working 
knowledge of the principles and practice of 
the subject, but who have only a limited 
time at their disposal. Subsequent editions 
of the book have held to this object, seeking 
only to keep the subject matter up to date. 
In the present edition the m.k.s. system of 
units is introduced in addition to the use of 
c.g.s. units, the material on three-phase sys-
tems and the transformer have been 
extended, and new subjects have been in-
cluded, as, for example, the amplidyne, 
fluorescent lamps, and vacuum tubes. 
The treatment throughout is clear, con-

cise, and interesting, with the employment 
of a minimum of mathematics. Particularly 
well done are the chapters on batteries, di-
rect-current machinery, and control of 
apparatus, alternating-current machinery, 
and transmission. In the chapters on vacuum 
tubes are sketched their characteristic 
curves and their fundamental functions as 
rectifiers, amplifiers, and oscillators, but no 
claim is made of a detailed treatment. The 
emphasis of the book is on power circuits, 
power apparatus, and low-frequency trans-
mission lines. 
The book is copiously illustrated, the 

pictures of apparatus well chosen for clarify-
ing the treatment in the text. Practical prob-
lems and test questions accompany each 
chapter and a short list of laboratory experi-
ments. The book should be useful for 
students in general with moderate mathe-
matical equipment. The calculus is used 
only sparingly. 

FREDERICK W. GROVER 
Union College 

Schenectady, N. Y. 

Sunspots in Action, by Harlan 
True Stetson 
Published (1947) by The Ronald Press 

Company, 15 East 26 St., New York 10, 
N. Y. 227 pages + 7-page bibliography+ 6-
page table +7-page index+iv; foreword by 
Sir Edward V. Appleton. Price, $3.50. 

Few books on the subject of radio, 
whether technical or nontechnical, give 

more than a cursory treatment of sunspots. 
Dr. Stetson, who is himself a radio engineer 
as well as a distinguished astronomer and a 
physicist, has helped to fill in this gap over a 
number of years in several of his books. The 
latest, "Sunspots in Action," extends his 
previous discussions and collects into a 
highly informative and thoroughly readable 
form a wealth of information covering vari-
ous aspects of sunspot phenomena. The book 
brings together what is known about sun-
spots, including relevant information cross-
ing several fields of science that bear upon 
the relation of the earth to its cosmic en-
vironment. 
This volume is written for the intelligent 

layman and not for the expert, although the 
expert will find it to be most entertaining 
reading. Technical language has been held to 
a minimum, but this is not an indictment 
against the book from the point of view of 
the professional radio engineer. The volume 
contains much information which will prove 
useful and interesting to the most technical 
man. 
"Sunspots in Action" is not limited to the 

effects of sunspots on radio communication. 
Dr. Stetson treats with this phase of sunspot 
phenomena in some detail but only as a part 
of a much broader approach. Throughout 
the book, emphasis is placed on the various 
effects of cosmic phenomena on the earth's 
atmosphere and the terrestial consequences 
thereof. 
The first few chapters deal with the 

sun, its source of energy, and its radiation. 
The effects of this radiation and the changes 
brought about by the appearance of sun-
spots is then covered. Sunspots themselves 
are discussed and various methods of pre-
dicting their appearance are surveyed. The 
effects of the other planets on the existence 
of sunspots and on the earth's atmosphere 
are brought into the discussion, together 
with material concerning the northern lights, 
solar eclipses, cosmic effects, and the earth's 
magnetism. 
In addition to the chapters on sunspots 

and radio communication and prediction, 
Dr. Stetson outlines evidence available re-
lating to effects of sunspots on the earth's 
atmosphere as an ultimate source of weather, 
on life cycles in plants and animals, and on 
the possible correlation of sunspots with eco-
nomic trends. Some of the more plausible 
hypotheses in these various fields are criti-
cally examined. 
This book is well worth reading not only 

for the broader picture of the universe which 
it presents but also because sunspots may 
well be proven to have an even more pro-
nounced and direct effect on human life than 
is definitely known today. 

GEORGE M. K. BAKER 
RCA Laboratories Division 

Radio Corporation of America 
Princeton, N. J. 
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Patent Notes for Engineers 
Published (1947) by the Radio Corpora-

tion of America, Princeton, N. J. 146 pages 
+14-page index +vi pages. 37 figures. 6X9 
inches. Price, $2.50. 

This is the first volume in the new engi-
neering book series publ.shed by the RCA 
Review Department of RCA Laboratories 
Division. While published primarily for the 
use of RCA divisions and subsidiary com-
panies, the information contained in the vol-
ume is of interest to all scientists, engineers, 
and attorneys concerned with patent mat-
ters. 
One half of the book is given to the treat-

ment of invention; invention in the popular 
sense and in the statutory sense, the nature 
of invention, and invention as a practical 
matter. Numerous illustrations and exam-
ples help to clarify and explain this impor-
tant subject under each heading and sub-
heading. 
The remainder of the book presents a 

perspective of patent prosecution, records of 
invention, interferences, and ownership and 
use of patents. Sufficient treatment of each 
subject is given for a general understanding 
by the reader without becoming unduly in-
volved in technicalities or the detailed in-
tricacies of these patent matters. 
The introduction states that these notes 

represent a serious effort to bridge the tech-
nical gap between engineers, research work-
ers and inventors generally, and their patent 
attorneys. This small volume is indeed a step 
in the right direction, narrowing the gap. 
No mention is made of patent approval 

infringement, and such other matters fre-
quently encountered by the engineer and 
those concerned with production, all of 
which necessitate co-operation with patent 
counsel in behalf of the employers' interests. 
This omission, however, does not detract 
from the value of the present work, which 
has such a complete table of contents and 
index as to assure the use of the book as a 
frequent reference manual. 

ALOIS W. GRAF 
Patent Lawyer 

120 S. LaSalle Street, Chicago 3, Ill. 

Men and Volts at War, by 
John A. Miller 
Published (1947) by Whittlesey House, 

330 West 42 Street, New York 18, N. Y. 
245 pages+10-page appendix +16-page in-
dex +xi pages, 255 illustrations. 6X9 inches. 
Price, $3.75. 

When the axis powers launched the all-
out emprise known as World War II, Ger-
man plans were based largely upon conduct-
ing a mechanical war. When the United 
States joined the Allies opposing the axis, the 
outcome of the struggle was not long in 
doubt, because a mechanical war was, in the 
vernacular, "up our alley." Once American 
industry was converted to war production, 
the public was aware of the extent and speed 
of production largely through announce-
ments of "E" awards to particular manufac-
turing plants or departments for excellence, 

or continued excellence, in production of war 
materials. This book deals with the war pro-
duction efforts of one American manufactur-
ing company which received a total of 
seventy-six "E" and "M" awards from the 
Government: The General Electric Com-
pany. 
The book deals with research and pro-

duction contributions made by this company 
and its subsidiaries to practically all arms of 
the services, and the author has done an 
excellent job of presenting in clear and read-
able text the nature of these contributions 
and their applications in the war theaters. If 
there are omissions in the text these are ex-
clusive systems and devices produced by 
other manufacturers. As an authentic record 
of what was accomplished by industry dur-
ing the war period, and what could be ac-
complished again should the need arise, this 
book should prove of direct interest to engi-
neers, teachers, officers of the armed serv-
ices, and the public in general. In the pages 
of this comprehensive work the reader may, 
perhaps for the first time, learn the manu-
facturing and application facts about instru-
mentalities which were war secrets (not 
written about) during the war years, such as: 
magnetic-mine defense, degaussing measure-
ments, the bazooka, power trains for the 
Soviet drive to Berlin, radiolocation in the 
Battle of Britain, radar countermeasures, 
radio for combat communication, uranium 
and atomic energy, and hundreds of other 
war developments for offense and defense in 
war operations. These are well organized in 
twenty readable chapters. 

DONALD MCNICOL 
Consulting Engineer 

25 Beaver St., New York, N. Y. 

Tables of Integrals and Other 
Mathematical Data (revised 
edition), by Herbert Bristol 
Dwight 
Published (1947) by The Macmillan 

Company, 60 Fifth Avenue, New York, 
N. Y. 207 pages+2-page index +37-page ap-
pendix +viii pages. 10 figures. 5X8 inches. 
Price, $2.50. 

This compact little volume contains 
many numerical tables of functions. These 
include algebraic, trigonometric, logarithmic 
exponential, elliptic, hyperbolic, and Bessel 
functions. A well-organized table of integrals 
is accompanied by useful algebraic relations 
and many series often encountered in engi-
neering physics. A usable index adds to the 
utility of the book. 

GEORGE H. BROWN 
RCA Laboratories 

Princeton, New Jersey 

Electronics and Their Applica-
tion in Industry and Research, 
edited by Bernard Lovell 
Published (1947) by Harper & Brothers, 

49 East 33 Street, New York 16, N. Y. 
176 pages +13-page index +xi pages. 18 il-
lustrations. 51 X81 inches. Price, $3.00. 

This book is the work of about a dozen 
authors, each one in general contributing a 
chapter. The editor provided an excellent 
introduction, particularly the section on 
electronics and the Second World War. 
In his introduction the editor states 

that he purposely has excluded subjects 
already dealt with in many other texts and 
has aimed to include chiefly examples of im-
portant advances in the science which have 
occurred during the past few years. Thus 
conventional radio engineering aspects are 
omitted, but such subjects as infrared photo-
cells, the betatron, servomechanisms, and 
new applications in medicine and physiology 
are covered in considerable detail. 
The book may be likened to a group of 

well-prepared papers presented at a meeting 
of a technical society. It is thus not a text-
book, but should be of considerable value to 
engineers in the field of industrial electronics 
interested in new developments in England. 

W. C. WHITE 
General Electric Co. 
Schenectady, N. Y. 

OMISSION IN "TELEvIsioN—III" 

Two sheets listing original publication 
data for the summaries contained in the 
appendix of Volume III of "Television," 
edited by Alfred N. Goldsmith, Arthur F. 
Van Dyck, Robert S. Burnap, Edward T. 
Dickey, and George M. K. Baker, have been 
issued by the publishers. These may be 
pasted in the volume, thus eliminating the 
omission. They are obtainable by request at 
the Radio Corporation of America, RCA 
Laboratories Division, Princeton, N. J. 

NOTICE 

The new I.R.E. television standard, 
"Standards on Television: Methods of Test-
ing Television Transmitters-1947," is now 
available. The price is $0.75 per copy, in-
cluding postage to any country. 
Orders may be sent to The Institute of 

Radio Engineers, Inc., 1 East 79 Street, 
New York 21, N. Y., with remittance and 
address to which copies are to be sent. 

Calendar of 

Coming Events 

I.R.E. National Convention 
March 22-25, 1948 

Cincinnati Spring Meeting 
April 24, 1948 

Syracuse RMA-I.R.E. Spring Meeting 
April 26-28, 1948 

Chicago I.R.E. Conference 
April 17, 1948 

New England Radio Engineering 
Meeting 

May 22, 1948 

1948 West Coast Convention of the 
I.R.E. 

September 30-October 2, 1948 
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J. W. McRae 
Member of the Board of Editors 

J. W. McRae (A'37—F'47) was born on October 25, 
1910, in Vancouver, British Columbia. He received the 
B.S. degree in electrical engineering from the University 
of British Columbia in 1933, the M.S. degree in 1934 
from California Institute of Technology, and the Ph.D. 
degree from the same institution in 1937. Earlier in the 
same year, he had joined the Bell Telephone Labora-
tories, where he engaged in research on transoceanic 
radio transmitters. His next assignment was in the field 
of microwave research, which led naturally to work on 
military projects, including a special microwave oscilla-
tor for the National Defense Research Committee and 
early association with several microwave radar projects. 
Early in 1942 he accepted a commission as major in 

the United States Army Signal Corps and was assigned 
to the Office of the Chief Signal Officer in Washington, 
D. C. He remained in Washington for more than two 
years, engaged in co-ordinating development programs 
for airborne radar equipment and for radar countermeas-
ures devices. He later received the Legion of Merit for his 
work on these programs. In June of 1944 he was trans-
ferred to the Headquarters of the Signal Corps Engineer-
ing Laboratories at Bradley Beach, N. J., as chief of the 

engineering staff. Some time after this he became 
deputy director of the Engineering Division and at-
tained the rank of colonel before returning to civilian 
life at the end of 1945. Once again associated with the 
Bell Telephone Laboratories, he was appointed director 
of Radio Projects and Television Research in June of 
1946, which made him responsible for work on the New 
York-to-Boston radio relay project as well as for re-
search on television. With the addition of responsibility 
for electron-dynamics research in February, 1947, he 
became director of electronic and television research. 
He received Honorable Mention for 1943 in the Eta 
Kappa Nu awards for outstanding young electrical engi-
neers. This was presented to him on January 26, 1948, 
at the AIEE Winter General Meeting in Pittsburgh, 
Pa. 
Dr. McRae has been a member of the Board of 

Editors of the Institute since 1946, and was a member of 
the 1947 I.R.E. Convention Committee. He is now 
vice-chairman of the New York Section and a member 
of the Program Committee of the Technical Societies 
Council of New York. He is also a member of the 
AIEE and Sigma Xi. 
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Developments in Radio Sky- Wave Propagation Research 
and Applications During the War* 

J. H. DELLINGERt, FELLOW, I.R.E., AND NE WBERN SMITHt, SENIOR MEMBER, I.R.E. 

Summary—This paper discusses the work done by the Interserv-
ice Radio Propagation Laboratory during World War II. The circum-
stances leading to the establishment of IRPL are described and the 
problems which are faced are stated. The measures taken in the 
solutions of these problems are outlined, and some of the results are 
presented. Specific services performed by IRPL during the war for 
the armed forces and commercial companies are recounted. 

THE INFLUENCE of the ionized layers of the 
earth's upper atmosphere, the ionosphere, on 
radio wave propagation has been recognized ever 

since the experiments of Breit and Tuve and of Apple-
ton proved its existence. Because of the scarcity of ade-
quate ionospheric data, however, and because relatively 
few radio men realized its importance, the use of 
ionospheric data in radio communications before the 
war was relatively small. 
The important part played by radio during the war 

brought to light the necessity for having adequate radio 
propagation information. No matter how good the 
equipment was at the transmitting and receiving ends, 
satisfactory communication could not be had unless the 
waves were propagated with sufficient strength to be 
receivable. Variations in propagation conditions proved 
to be several orders of magnitude greater than varia-
tions in transmitter power or receiver sensitivity. 
Furthermore, the extreme crowding of the radio-fre-
quency spectrum made necessary full utilization of all 
available frequencies, and an appropriate selection of 
frequencies could be made only with the help of radio 
propagation data. Also, security considerations dictated 
that the frequencies used should be the best for use and 
the least likely to be intercepted by the enemy. The 
design of equipment, especially of antenna systems, 
was found to depend critically upon a knowledge of 
radio propagation conditions. In addition, other appli-
cations of radio, such as radar and direction finding, in-
volved considerations of propagation regarding range, 
accuracy, and receivable intensities. 
With the widespread use of radio communication by 

the armed forces, especially in parts of the world where 
but little experience had been had, the need for im-
proved radio propagation information became apparent 
early in the war. An aircraft disaster in the European 
Theater led to the establishment of the British Inter-
Services Ionosphere Bureau (ISIB) in 1941, and the 

* Decimal classification: RI12.41 X R113.65. Original manuscript 
received by the Institute, January 15, 1947; revised manuscript re-
ceived, May 2, 1947. Presented, 1946 Winter Technical Meeting, New 
York, N. Y., January 26, 1946. 

Interservice Radio Propagation Laboratory, National Bureau 
of Standards, Washington, D. C. 

exigencies of air force operation in the Southwest Pacific-
resulted in the formation of the Australian Radio ' 
Propagation Committee (ARPC), both instituted to. 
furnish radio propagation data and predictions to their 
respective armies, navies, and air forces. Correspond/ 
ingly, in 1942, the Interservice Radio Propagation; 
Laboratory (IRPL) was established in the National 
Bureau of Standards by order of the U. S. Joint Chiefs 
of Staff, acting through the Wave Propagation Com-
mittee of the U. S. Joint Communications Board, with' 
the functions of (1) centralizing data on radio propaga-
tion and related effects, from all available sources, (2) 
keeping continuous world-wide records of ionosphere 
characteristics and related solar, geophysical and cosmic' 
data, and (3) preparing the resulting information and 
furnishing it to the armed forces. This involved main-
taining ionospheric observatories, centralizing data from 
these and other ionospheric observatories operated by 
other agencies and other countries, performing experi-
mental and research work as necessary to supplement 
existing sources of data, preparing predictions and fore-
casts of radio propagation conditions for all parts of the ,. 
world, issuing charts, tables, handbooks, and bulletins 
for immediate dissemination to the armed forces, 
maintaining a "special problem" consulting service to 
give immediate answers to urgent military problems, 
and co-operating in this work with other agencies of the 
United Nations. 
The groundwork for the prediction of radio propaga-

tion conditions and ranges of useful frequencies had °‘-
been laid by the previous ionosphere researches of the 
National Bureau of Standards, some of the results of 
which were published in the PROCEEDINGS OF THE I.R.E. 
from 1937 to 1940, under the title, "Characteristics of 
the Ionosphere at Washington, D. C." During 1941 to 
1943, at the request of the National Defense Research 
Committee, the National Bureau of Standards made a 
study of the correlation of direction-finder errors with 
ionospheric conditions, and prepared a "radio trans-
mission handbook" to permit usable frequency calcula-
tions. 
In meeting the requirement of predicting useful fre-

quencies over any paths anywhere in the world, the 
IRPL was confronted by five major problems: (1) the 
obtaining of adequate ionospheric data on a world-wide 
basis, (2) the development of methods for calculating 
maximum usable frequency over long paths, (3) the de-
velopment of methods for calculating sky-wave field in-
tensities, (4) the determination of minimum required 
field intensities, and (5) the development of methods 
for forecasting ionosphere storms. 

, 
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Fig. 2—World map showing zones covered by predicted charts. 
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At the outset, the IRPL was faced with the necessity 
of obtaining sufficient ionospheric data to permit predic-
tions to be made anywhere in the world. At that time 
ionospheric observations were being made only at six 
locations in the world: Washington, D. C.; Slough, Eng-
land; Huancayo, Peru; Watheroo and Sydney, Australia; 
and Christchurch, New Zealand. Regular data were 
available to the IRPL only from the first, third, and 
fourth of these. Immediate steps were taken to ex-
pand the world-wide coverage, with the cooperation 
of the Carnegie Institution of Washington; the United 
States Army and Navy; the Canadian Navy and 
Air Force; the British Admiralty, ISIB, the National 
Physical Laboratory and the British Broadcasting 
Corporation; the Australian organization, the ARPC; 
and the U.S.S.R., with the result that by the end of the 
war 44 stations were regularly reporting ionospheric 
observations, as shown in Fig. 1. This network of sta-
tions, together with analysis of radio traffic data from 
a number of communications networks, permitted the 
continual improvement of world charts of predicted 
ionosphere characteristics, from the small beginnings in 
1941, based on only three stations, to the comprehensive 
charts now published monthly in the IRPL-D series 
reports. The knowledge gained from the greatly ex-
panded world-wide ionospheric coverage permitted a 
much improved delineation of the regular variations of 
the ionosphere with latitude and local time, so that, for 
example, the hitherto seemingly anomalous behavior of 
northern and southern hemisphere stations fell into a 
consistent world picture. 
In the course of their work it became necessary to 

place radio propagation predictions on a regular, world-
wide basis, such that the great mass of data could be 
handled expeditiously and practical predictions issued 
regularly. 
In order to use the data which were being received 

from all over the world for prediction purposes, it was 
necessary not only to understand their geographic, 
diurnal, and seasonal variations, but also to determine 
their relationship to relative sunspot numbers. A simple 
correlation of values of ionosphere characteristics with 
relative sunspot numbers had been previously found, 
but during the war trends of the variation of these char-
acteristics with sunspot number were determined for 
the locations on earth of many of the ionosphere sta-
tions. A technique of prediction of ionosphere character-
istics at any location, using standard statistical methods, 
was evolved, involving an estimate of the relative sun-
spot number for the month of prediction. A nomographic 
method for doing this type of prediction rapidly was 
later developed. 
As another consequence of the improved world-wide 

coverage, the so-called "longitude effect" was dis-
covered and put into operational use in 1943. This was 
the discovery that ionosphere characteristics were not, 
as previously supposed, the same, at the same local time, 
for stations at about the same latitude but different 

longitudes. Instead, they depended to a great extent on 
the geomagnetic latitudes of the station. Thus the 
station at Delhi, India, showed quite different char-
acteristics from those observed at Baton Rouge, La. 
Following this discovery, the world was divided, for 

practical operational purposes, into the three zones 
shown in the map of Fig. 2. In each zone the character-
istics are independent of longitude, to a good enough 
practical approximation. 
The second problem faced by the IRPL was the de-

velopment of a simple rapid method of obtaining the 
maximum usable frequency (m.u.f.) over any paths in 
any part of the world. The groundwork for this was laid 
in 1936 when the "transmission curve" method of scal-
ing ionospheric records was devised, leading to factors 
which could be applied to critical-frequency data to ob-
tain m.u.f. values. These factors were satisfactory for 
distances up to 2500 miles, but for greater distances the 
method of multiple hops proved clumsy and, indeed, 
quite inadequate in the light of observed radio propaga-

tion data. 
Consequently, the empirical "two-control point" 

method was devised (independently at the IRPL and 
ISIB) for paths longer than 2500 miles, whereby the 
m.u.f. over such a path is limited by the lower of the 
2500-mile m.u.f. at two control points, 1250 miles from 
each station along the great-circle path connecting the 
two stations. This procedure gave much better results. 
As the volume of data increased, it became more and 
more apparent that normal F2- or E-layer propagation 
was completely inadequate to account for a consider-
able part of the observed transmissions, particularly at 
times when E. (sporadic E) was present. Consequently 
an extended analysis of E. occurrence was made, and 
sufficient regularity was found to make E. predictions 
possible, subject to the much wider day-to-day vari-
ability than in the case of the normal layers. Consider-
able further improvement in m.u.f. calculations was 
then made by including the effects of wsporadic-E" (E.) 
propagation, also on a two-control-point basis. 
World charts were prepared giving predictions of 

maximum usable frequencies, three months in advance. 
These, are continued in the monthly publication now 
issued through the Government Printing Office. 
The urgent need for knowing distance ranges and 

lowest useful high frequency (1.u.h.f.) led to the next 
major problem undertaken by the IRPL—the calcula-
tion of sky-wave field intensities. To meet this, the 
field-intensity-recording program, begun by the Na-
tional Bureau of Standards early in the last decade, 
was greatly expanded by installation of recorders at 
the new United States ionospheric stations. Fig. 3 shows 
a sample automatic field-intensity record. At the same 
time, theoretical studies of ionospheric absorption at 
oblique and vertical incidence were undertaken, in an 
attempt to obtain a simplified solution to the problem 
as rapid in operation as the method of calculating m.u.f. 
An "equivalence theorem," similar to that used in 
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Fig. 3—Continuous automatic record of received radio field intensities. 

calculating m.u.f., was used, employing the observed 
field-intensity data to supply numerical values to the 
many uncertain factors in the equation. It was found 
that the diurnal variation of ionospheric absorption 
varied to a good approximation, on the average, linearly 
with the cosine of the zenith angle of the sun, a fact 
which simplified greatly the integration of ionospheric 
absorption over a given transmission path; the absorp-
tion could then be determined as a function of fre-
quency, distance, and average solar zenith angle over 
the path. 

The determination of sky-wave field intensity did not 
of itself give the whole story, however, unless informa-
tion also could be available as to the minimum fields 
required for radio communication. Thus, the fourth 
major problem confronting the IRPL was the de-
termination of minimum field intensities necessary to 
overcome atmospheric radio noise, which was the prin-
cipal type of noise encountered at sky-wave frequencies. 
This is still the subject about which least is known in 
the field of sky-wave communication. Some frag-
mentary measurements were available, and a beginning 
on the problem had been made at the ISIB in England. 
All available data on atmospheric radio noise and re-
quired fields were collected, as well as data on thunder-
storms, which are the source of atmospheric noise. The 
result of the analysis was to divide the world into zones 
corresponding to different grades of noise intensity, tak-
ing into account both the generation and the propaga-
tion of the noise. Fig. 4 shows one such chart, for 
November through March. The principal noise-gen-
erating centers are in the East Indies, Central and 
South America, and Africa, with secondary centers in 
the tropical oceans—the "doldrum belts." For each 
noise grade, a set of curves of required intensities was 
constructed, similar to the one shown in Fig. 5. These 
were for good 95 per cent intelligible radiotelephone 

communications, and empirical factors were deduced 
for other types of service; for example, manual c.w. 
telegraphy required only 1/7 as great intensities, while 
four-tone single-side-band six-channel radio teletype 
might required only 1/14 as great intensities. Much of 
this work was done with the close collaboration and 
assistance of the Radio Propagation Unit of the Office 
of the Chief Signal Officer of the U. S. Army. 
For convenience in use, the required field graphs 

were plotted on nomograms involving frequency and 
absorption index, so that the 1.u.h.f. could be read off 
directly. 
The fifth major problem of the IRPL was the fore-

casting of ionosphere storms—those abnormalities of-
ten associated with geomagnetic storms—which disrupt 
radio communications, especially in the Arctic. The 
military importance of the North Atlantic, which 
reaches into the auroral zone, or zone of maximum dis-
turbance, made it indeed urgent to know when com-
munications were likely to be interrupted. The urgency 
is apparent when it is realized that aircraft depended 
largely on radio aids for navigation over the North 
Atlantic. 
Therefore a program was undertaken, in collaboration 

with the Department of Terrestrial Magnetism, Car-
negie Institution of Washington, to study the relations 
between ionosphere storms and the sun, whose radia-
tions produce the storms. Improved observational tech-
niques, like the Harvard University coronagraph, a de-
vice for photographing the extremely active solar 
corona, contributed to the study. As a result of the 
analysis, a weekly forecast was issued, which proved to 
be of some value to the armed services. The world was 
divided into zones of varying ionospheric disturbance, 
as shown in Fig. 6, and forecasts were made for each 
zone. 
A different approach, however, led to a considerably 
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more accurate service of forecasting disturbances a 
shorter time in advance. In this, studies of the behavior 
of radio-d.f. bearings over the North Atlantic path 
showed that it was possible to issue warnings of radio 
disturbance a few hours to a half day or more in ad-
vance. Consequently a short-time warning service was 
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Fig. 5—Minimum field intensities required for satisfactory radio-
telephone communications in the presence of atmospheric radio 
noise (noise grade 3). 

inaugurated whereby such warnings were telephoned 
and telegraphed daily to interested agencies. With the 
lifting of wartime restrictions, this warning service is 
now being broadcast regularly over W WV, the Na-
tional Bureau of Standards station at Beltsville, Md., at 
20 and 50 minutes past each hour. A group of N's or 
W's is transmitted, the former meaning "no warning" 
(quiet conditions expected) and the latter "warning" 
(disturbed conditions over the North Atlantic expected 
or in progress). 
During the war the IRPL performed many specific 

services for the armed forces and commercial com-
panies doing war work, involving consultation and ad-
vice, on their special problems involving radio wave 
propagation. Types of problems included the determina-
tion of best usable frequencies for specified services, 
such as point-to-point, short-distance tactical opera-
tions, plane-to-ground, high-frequency broadcast, the 
prediction of ground-wave and sky-wave distance 
ranges under different conditions, advice as to types 
of antennas and lowest required radiated power for 
specified purposes, and frequency allocation. As the 
techniques promulgated by IRPL became more widely 
disseminated, many types of problems, especially those 
in frequency allocation, were eventually solved by the 
Army and Navy groups in which they originated. 
In January, 1944, a two-weeks training course in ra-

dio wave propagation was given by IRPL. It was for of-
ficers who were to be taught the principles of radio wave 
propagation and methods of problem solution and then 
assigned to overseas communication groups, where they 
could put on a scientific basis the assignment of radio 
operating frequencies in the field. Others were then to 

be sent to training units within the United States to or-
ganize courses in which additional officers could be in-
structed in this work. The student body consisted of 
two groups, the first group consisting of eleven Army Air 
Forces officers, four officers from the Signal Corps, and 
three Navy officers, and the second group consisting of 
fifteen enlisted men and one officer from the Signal 
Corps, who formed the nucleus of the Radio Propaga-
tion Unit of the Signal Corps. The course comprised 
twenty-five lectures by scientists and others working di-
rectly in radio wave propagation, interspersed with 
problem sessions in which the students were coached in 
the solution of practical radio wave propagation prob-
lems. 
As a further aid in determining the proper usage of 

radio frequencies, three handbooks were issued. The 
first handbook, "Radio Transmission Handbook—Fre-
quencies 1000 to 30,000 kc.," was issued in January, 
1942, giving the basic principles of radio sky-wave prop-
agation, and such computational procedures as were 
extant at that time, together with preliminary versions of 
prediction charts and predictions for the winter. A sup-
plement to this handbook was issued June 1, 1942, 
which gave summer predictions. 
On November 15, 1943, the "IRPL Radio Propaga-

tion Handbook, Part 1" was issued. This handbook, is-
sued as an IRPL publication, and also as an Army train-
ing manual (TM 11-499) and a Navy publication (DNC-
13), gave a descriptive discussion of the behavior of the 
ionosphere and of the theory behind maximum usable 
frequencies and lowest useful high frequencies. Predic-
tion charts of maximum usable frequencies and absorp-
tion constants were given. Techniques for the determi-
nation of m.u.f. and 1.u.b.f. over any path at any time 
were given to the extent that they had been developed at 
the time. It is impossible to express fully the valuable 
aid and support received by the IRPL from other agen-
cies. Close and continuous liaison was maintained with 
the Department of Naval Communications (CNO) and 
the Radio Propagation Unit of the Army Signal Corps 
(SPSOL); valuable assistance and suggestions were in-
terchanged with personnel in those departments work-
ing with IRPL in the solution of basic problems and ap-
plications. Close co-operation was maintained with other 
branches of the Army and Navy having need of radio 
propagation data, including the Army Security Agency, 
the ArmyAir Forces, other branches of the Signal Corps, 
the Navy Bureau of Ships, Bureau of Aeronautics, 
Coast Guard, and other branches of Naval Operations. 
Acknowledgment is made to the Department of Ter-

restrial Magnetism, Carnegie Institution of Washing-
ton, for its extremely valuable assistance in operating 
ionosphere stations and collecting much of the geophysi-
cal and solar data upon which the services of the IRPL 
were based, and to the untiring work of its staff in co-
operating in the entire radio propagation program. Ac-
knowledgment is also wholeheartedly given to the full 
co-operation, from the very beginning, of the radio prop-
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agation organizations of other countries—Canada, 
Great Britain, Australia, and New Zealand—without 
which no world-wide radio propagation program would 
have been possible. 
Many commercial organizations and other agencies 

gave valuable assistance to the work of the IRPL. An 
analysis of radio traffic data was regularly provided by 
United States communication companies, such as RCA 
Communications, Mackay, Press Wireless, and A. T. 
& T., from Army and Navy networks, and from other 

Government agencies such as the C.A.A. and the 
F.C.C.; this analysis assisted greatly in predicting and 
checking predictions of usable frequencies, and in cor-
recting and corroborating theoretical processes of 
analysis. 
With the conversion to the postwar era, the work of 

the IRPL is carried on and extended by the Central Ra-
dio Propagation Laboratory of the National Bureau of 
Standards. Particular emphasis is laid on research in 
radio propagation at all frequencies. 

Alternating-Current Measurements of 
Magnetic Properties* 

HORATIO W . LAMSONt, FELLOW, I.R.E. 

Summary—Herein is presented a critical analysis of various pro-
cedures for determining the permeability and core loss of ferromag-
netic materials, together with a discussion of the limitations under 
which such observations are made and the interpretations which 
should be applied to the data obtained. 

INTRODUCTION 

T IS THE purpose of this paper to discuss various 
methods for the a.c. measurement of the magnetic 

  properties of a specimen of ferromagnetic material 
and, it is hoped, to clarify certain phases of these tech-
niques about which some misunderstanding has existed. 
The system of magnetic ndmenclature and definitions 
recently adopted by the American Society for Testing 
Materials' will be used. 

MAGNETIC CONDITION OF THE SPECIMEN 

It is a well-known, but sometimes ignored, fact that 
all ferromagnetic materials exhibit the phenomenon of 
hysteresis and have, in effect, a "memory," so that any 
present (instantaneous) condition is more or less influ-
enced by past events. To obtain significant and repro-
ducible data it is first essential to erase all memory of 
previous conditions. This preliminary demagnetization 
may be accomplished by subjecting the specimen to a 
substantial a.c. magnetization which is then gradually 
reduced to zero. Thereafter, any applied a.c. magneti-
zation must be removed by a gradual reduction to zero, 
rather than by interrupting the circuit at some arbi-
trary time in the cycle. 

* Decimal classification: R282.3. Original manuscript received by 
the Institute, March 11, 1947; revised manuscript received, July 10, 
1947. Presented, Rochester Fall Meeting, November 11, 1946, 
Rochester, N. Y. 
t General Radio Company, Cambridge, Mass. 
A.S.T.M. Specification A127-44T, 1944 Book for Metals, pp. 

1437-1443. 

If any subsequent magnetization is then due to a 
symmetrically alternating current (having no d.c. com-
ponent), the specimen will be in a symmetrically cy-
clically magnetized (SCM) condition, wherein the mean 
values of both induction and magnetizing force are zero. 
For either polarity of magnetization, the peak values of 
each of these parameters will be equal, and are desig-
nated as their normal values. 
In addition to hysteresis, it is less generally known 

that some materials exhibit a definite magnetization lag. 
If, having acquired in them a stabilized variation in B 
and H, a change is made in the amplitude of the cyclic 
variation of H, some time (representing a considerable 
number of cycles) may elapse before a completely sta-
bilized variation and a new maximum value of induction 
is attained. This magnetization lag appears to be more 
pronounced for a given increase than for a corresponding 
decrease in magnetizing force, doubtless due to the ef-
fect of retentivity. 
When measuring a specimen at different values of 

cyclic H, it would thus appear desirable to start with the 
maximum contemplated value and successively reduce 
this parameter. For incremental measurements, how-
ever, the biasing component of II must be increased pro-
gressively from an initially demagnetized condition to 
avoid any retentivity in the biasing II. 
It should be remembered that the magnetic proper-

ties of some materials may, to a certain degree, be modi-
fied by mechanical strains in punching operations on 
flat laminations, or in the rolling of flat stock into to-
roidal cores. Subsequent metallurgical treatment may 
then be necessary to restore the natural magnetic con-
dition of the material. The author is of the opinion, 
however, that a limited amount of easy and careful 
shearing may not disturb the specimen as much as is 
sometimes anticipated (see Appendix E). 
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INTERPRETATION OF AN IRON-CORED INDUCTOR 

A simple iron-cored inductor consists physically of a 
ferromagnetic core circumscribed N times by a single 
conductive winding. This inductor possesses two types 
of impedance: a reactive component corresponding to 
energy storage without loss, and a resistive component 
representing eddy current, hysteresis, and ohmic heat 
losses. The core is assumed to be homogeneous and to 
have a uniform cross section A and a mean length X for 
the flux path (c.g.s. units), so that the core reluctance is 
given by 

(I) 

With this geometric symmetry, the specimen will be 
subjected to the same values of induction and magnetiz-
ing force at all points. This paper deals with the basic 
concepts of magnetic measurements, thereby assuming 
that any leakage flux is negligible and that all the flux 
traverses an iron path and links completely any winding 
on the inductor. 
The specimen core may be constructed of rectilinear 

strips overlapping at their extremities to form an Ep-
stein square; it may have a shell-type configuration, or 
it may be toroidal in shape and assembled by stacking 
annular laminations, by rollingjlat stock spiral-wise, or 
by molding iron-dust mixtures. The author also has 
used rectangular strips of the specimen material forming 
a diameter across annular laminations, the latter having 
sufficiently high permeability and increased cross sec-
tion to offer negligible reluctance.' 
It is a natural and long-established practice to visual-

ize the total impedance Z of this inductor as the rec-
tilinear sum of its inductive reactance wL, and its 
equivalent series resistance R, accounting for all losses 
(see Fig. 1). The parameter L, is the equivalent series 

Fig. 1—Series representation of an inductor. 

inductance and 4) is the phase angle of the inductor hav-
ing a dissipation factor D. Then the vector impedance 
value becomes 

Z =  jwL,  (2) 

2 Horatio W. Lamson, "A method of measuring the magnetic 
properties of small samples of transformer laminations," PRoc. 
I.R.E., vol. 28, pp. 541-548; December, 1942. 

while 

R, 
D  cot  = — •  (3) 

wL, 

While this representation is mathematically permissible, 
it does not correspond to certain empirically determined 
facts concerning the electromagnetic behavior of the in-
ductor. 
Consider Fig. 1, which implicitly stipulates that the 

application of an external a.c. terminal voltage ET pro-
duces an exciting current I,,x, which, circumscribing the 
core N times, creates a magnetomotive force which, in 
turn, produces the flux therein. If i is the instantaneous 
value of the exciting current, the instantaneous value of 
the magnetomotive force is frequently considered to be 
given by 

F = 0 .4rN  (4) 

and to be in phase with I. The instantaneous value cI, of 
the flux in the core will be the ratio of F to the core re-
luctance. Stipulating that the production of flux by a 
magnetomotive force is an instantaneous phenomenon, 
it would apparently follow that the flux is in phase with 
the exciting current (see Fig. 2). 

I exc. 

E ind. 

900 

Valid only when 
Rs= 0 

Fig. 2—Phases in an inductor with no loss. 

Another basic law of physics states that the instan-
taneous voltage induced in a circuit eind is proportional 
to the rate of change of the flux linking this circuit. 

N d 

=  10  ch 

If the flux is varying sinusoidally, 

4, = cpmax sin cot, 

whence 

wAT (10,n. 
eind —   cos wt. 

108 

Comparing (6) and (7), it follows that the induced volt-
age and the flux are in guadrature, eind lagging (1. by an 
angle 7r/2. Fig. 2 shows these phase relationships at the 
arbitrary instant when eind has a maximum positive 
value. 
Correlation of the italicized statements in the two 

preceding paragraphs leads to the erroneous conclusion 
that the induced voltage lags the exciting current by 
7r/2. By applying a secondary winding to the inductor it 
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can be demonstrated that the induced voltage lags the 
exciting current by an angle 7/2 plus the hysteretic an-
gle f3. Consequently, the flux is not in phase with the full 
exciting current, but lags I. by the angle f3. These cor-
rect phase relationships are indicated in Fig. 3, which 

E ind. 

E exc. = ET 

Fig. 3—Phases in an inductor with core loss, but no copper loss. 

assumes zero copper loss in the inductor winding. In 
this case, the exciting voltage (always equal in magni-
tude and opposite in phase to the induced voltage) is the 
applied terminal voltage and, het-ice, leads I. by the 
phase angle 4). This makes f3 the complement of  in Fig. 
3. 
Since the production of flux, per se, represents a stor-

age of energy with no dissipation (disregarding radia-
tion), and since flux must be in phase with that current 
which produces it, it follows that the exciting current 
must be the vector sum of two quadrature components; 
namely, the true magnetizing current I. in phase with 
the flux, and the loss current II which, when squared and 
multiplied into the proper resistance, gives the power 
dissipation in the core of the inductor. 
The magnetizing current, from which the magneto-

motive force and flux may be calculated, is thus but a 
portion of the exciting current and is given by 

I„, = I. cos /3.  (8) 

Likewise, if copper loss can be neglected, 

I„, = I., sin  (9) 

It is apparent that the magnetizing current must be 
produced by an exciting voltage E. equal and opposite 
to Eind, and hence leading I„, by 7/2. The voltage Et pro-
ducing the loss current must be in phase with that cur-
rent. Consequently, both // and Ei must be coincident 
in phase with the exciting voltage. 

Parallel Concept Neglecting Copper Loss 

These current and voltage relationships are quite in-
compatible with the series representation of the imped-
ance components of an inductor (Fig. 1). However, if it 
is considered that El and E. are not only coincident but 
also equal in magnitude, and hence may be the same 
voltage, the representation of the imluctor by parallel 
admittance or impedance components agrees with the 
known facts (see Fig. 4). The purely reactive path, in-
volving flux energy storage, I„, in quadrature with E., 
consists of the equivalent parallel inductance L, and 
carries the magnetizing current; while the purely re-

sistive path, involving core losses, I in phase with E., 
consists of the equivalent parallel resistance R„ and car-
ries the loss current. The impedance of this inductor has 
a vectorial value: 

Z= 

Iex  

RpcoLp(coLp jR9) 

Rp2 042 

RP 

(10) 

Fig. 4—Parallel representation of an inductor with core loss, 
but no copper loss. 

Intercomparison between the impedance values of an 
• inductor evaluated from its series and its parallel com-
ponents establishes the well-known relationships: 

L, = Laisin2 = L.(1 + cot2 4)) = L,(1 ± D2)  (11) 

R, = Rs/cos'  = R,(1 + tan' 4,) = R.(1 + Q2)  (12) 

1  R.  coL, 
D  cot cl) = — = — = — •  (13) 

Q  øL.  R p 

Parallel Concept with Copper Loss 

When representing the inductor by Fig. 4, the paral-
lel resistance R, should correspond, strictly, only to 
magnetic losses due to hysteresis and eddy currents. Any 
ohmic losses (copper losses) must be represented by an 
additional series resistance R. which carries the full ex-
citing current (see Fig. 5). The purely reactive imped-
ance toL' is in parallel with the resistance R', which ac-
counts for the magnetic losses. The vector impedance of 
this network takes the more elaborate form: 

ReR"  co2L'2(R.  R')  jcoL'R" 

R'2 w2L'2 

involving both R' and L' in its real and imaginary com-
ponents, but R. only in its real component. From (2) 
and (14), 

L' = L,[1  (D — Dc)2]  (15) 

R' = (R. — Rc)[1 +  1 
(D — D.)2 

= coLID — D ±  1 D — 1 (16) 



1948  Lamson: A-C Magnetic Measurements  269 

where the "copper-loss" dissipation factor D, is de-
fined as 

R, 
Dc — •  (17) 

(AL, 

As long as skin effect in the inductor winding is negligi-
ble, R. may be considered to be the d.c. resistance of 
the winding. Note that both L' and R' differ from the L„ 
and R, values of Fig. 4. 

exc. 

EG 
Fig. 5—Representation of an inductor with both core 

and copper losses. 

The inclusion of copper losses gives rise to a small 
copper-loss voltage drop E. in phase with the exciting 
current, so that the terminal voltage ET exceeds the ex-
citing voltage and f3 is less than the complement of ck. 
Whenever D, is not a negligible component of D, the 
magnetizing current must be evaluated by (8), or by 

r. = 
N/1  (D — Dc)2 

The loss current will be 

(18) 

— De) 
II= Icr, sin  —   (19) 

N/1 + (D — Dc)2 

Finally, from the geometry of Fig. 5, the exciting volt-
age may be computed in terms of the terminal voltage: 

ET sin   
E. =   — Er 4/   (20) 

cos 13  1 + D2 

EVALUATION OF NORMAL PERMEABILITY 

Normal permeability, hereinafter symbolized as pi, is 
defined as the ratio of the normal, or peak, value of the 
induction (flux density) B to the corresponding normal 
(peak) value of the magnetizing force H, when the mag-
netic material is in a symmetrically cyclically magne-
tized (SCM) condition. 

(21) 

To measure normal permeability, which, as will be shown 
later, is the most significant of the several "a.c. per-
meabilities," the normal magnetizing force may be 
evaluated in terms of the peak magnetizing current, 
represented by the symbol f„„ regardless of the wave 
form of this current. 

H = 
0 .47N-I„, 

X 
(22) 

Note that the true magnetizing current, rather than the 
exciting current, is involved here. If the flux has a cyclic 
variation which is symmetrical but not necessarily 
sinusoidal, the normal induction can then be evaluated 
in terms of the half-period average or the effective 
(r.m.s.) values of the exciting voltage by the following 
equation: 

B 
102E... (ay.)  (r.m.s.) 

4NAf  4(ff)NAf 

The third member of (23) is derived from the second 
member by defining the form factor (if)  of a cyclic varia-
tion as the ratio of its effective to its half-period average 
value. 
The normal permeability for any symmetrical varia-

tion (SCM condition) is then: 

— 108XE... (ay.) 
  • 
1 . 67A"A fi;„ 

(23) 

(24) 

NORMAL PERMEABILITY WITH SINUSOIDAL 
PARAMETERS 

On the hypotheses that H and B are varying in a 
sinusoidal manner, the form factor of all cyclic param-
eters becomes 7r/2 0 = 1.11072. . . . The normal induc-
tion can be evaluated in terms of the peak or the r.m.s. 
value of the exciting voltage: 

108E... 0  10 sk.m.  
B  •  (25) 

coNA  coNA 

Then the normal permeability becomes 

108XE...  108XL! 
A =   (26) 

0. 47t-N2A corm O. 47I-N2A 

since, by definition, the parallel reactance col/ equals the 
ratio E..c/ I.. 
Thus normal permeability, for any specified normal 

induction or normal magnetizing force, may be evalu-
ated in terms of the geometry of the core and a meas-
ured value of the parallel inductance L'. It should be re-
called that most inductance-measuring bridges yield 
directly the equivalent series inductance (Maxwell, 
Owen, Hay). Using (15), the normal permeability eval-
uated in terms of the series inductance becomes 

101XL,[1  (D — D.) 2] 

0.47rN M 
(27) 



270  PROCEEDINGS OF THE I.R.E. —Waves and Electrons Section February 

and demands a knowledge of the dissipation factors of 
the inductor. 
The substantial error which may be introduced by 

omitting the factor [1+ (D —Dc)2] in (27) and evaluat-
ing normal µ directly in terms of L., using the concepts 
of Fig. 1, is demonstrated in Appendix A. The effect of 
neglecting copper loss and assuming that D. is negligible 
at lower frequencies is demonstrated in Appendix B. 
If copper loss may be neglected, so that Fig. 4 is valid, 

it can be demonstrate& that normal permeability may 
be computed in terms of the reactive power Pc„ meas-
ured in vars, which is taken by the inductor, together 
with the frequency f, the core volume V (cubic centi-
meters), and either the normal induction or the normal 
magnetizing force: 

B2fV  0.4 X 108P,, 
= =   (28) 
0.4 X 108.P2 17/2fV 

EFFECTS OF HARMONIC DISTORTION 

Due to the nonlinear character of the d.c. magneti-
zation curve and the phenomenon of magnetic satura-
tion, an inherent distortion exists in the core material, so 
that, with a generator developing, per se, a pure sinu-
soidal voltage, the cyclic variations of H and/or B will 
contain odd-harmonic components. Furthermore, the 
relative distortion in either parameter will be a function 
of the series resistance of the circuit. 
Assuming no copper losses in the winding, if the in-

ductor could be connected directly across the terminals 
of a resistanceless sinusoidal generator, the exciting 
voltage applied across the inductance L (Fig. 4) would 
be sinusoidal. The induced voltage and the flux varia-
tion would then have to be sinusoidal and harmonic dis-
tortion would exist in the magnetizing current and in H. 
Total lack of flux distortion would demand an impossi-
ble circuit of zero series resistance. On the other hand, if 
the series resistance of the circuit is made very large 
compared with the reactance of the inductor, the gen-
erator would be working into an essentially resistive 
load, so that both the exciting and magnetizing currents, 
and hence H, would be practically sinusoidal. Distortion 
would then exist in both the induced voltage and the 
cyclic variation of flux. 
The existence of flux distortion may, in many cases, 

be demonstrated by examination of the terminal voltage 
of the inductor with a cathode-ray oscillograph or, more 
precisely, with a harmonic analyzer. It is not uni-
versally recognized, however, that, if the resistance of 
the sinusoidal generator is low, an examination of the 
terminal voltage of the inductor may not show the ex-
isting flux distortion which is introduced by the internal 
copper-loss resistance Rc (Fig. 5). An infallible proce-
dure for observing true flux distortion would be the ex-
amination of the open-circuit voltage induced in a sec-

3 An analysis first brought to the author's attention in an unpub-
lished memorandum from S. L. Burgwin to J. P. Barton, dated 
February, 1942. 

ondary winding on the inductor core. An approximate 
evaluation of the distortion existing in H may be ob-
tained by analyzing the exciting current, i.e., the voltage 
drop across a resistor in series with the inductor. To 
maintain the initial conditions, this resistance must be 
negligible compared to the reactance of the inductor, 
unless it is purposely made large to ensure a small distor-
tion in H. 
External circuit resistance thus increases flux distor-

tion while reducing the distortion of magnetizing force. 
The presence of a nominal amount of circuit resistance 
gives harmonic distortion of both B and H, and yields 
somewhat ambiguous data which are a function of the 
measuring circuit external to the inductor. It would be 
desirable to have one of these parameters as free from 
distortion as possible. The question thus arises, should 
a.c. magnetic measurements be standardized at sinu-
soidal B or at sinusoidal H? The answer is somewhat de-
termined by the method of measurement and the con-
templated use of the specimen material. An empirical 
comparison between sinusoidal B and sinusoidal II 
measurements is given in Appendix A. 
In the various meter methods of measurement the cir-

cuit resistance, using a low-resistance generator such as 
a 60-cycle power line, may be kept small, thus permit-
ting a good approximation to sinusoidal B if copper 
losses are small. 
Whenever the generator has a significant amount of 

resistance, and in most bridge methods of measurement 
which insert an appreciable amount of resistance into 
the circuit between the generator and the inductor, sinu-
soidal B is impassible. It would then appear desirable to 
go the whole distance and to standardize on conditions 
yielding sinusoidal H. This was done in a magnetic test 
set developed by the author2 by inserting considerable 
resistance in series between the generator and the 
bridge, with a corresponding increase in the c.m.f. of the 
generator to obtain a specific normal H. Sinusoidal cur-
rents are thus ensured. If a selective null-balance detec-
tor, responsive to the fundamental component of the 
voltage induced in the inductor, is then employed, the 
conditions for bridge balance will correspond to sinu-
soidal values of both H and B. This will permit normal 
µ, referred to the fundamental components, to be evalu-
ated in terms of the measured inductance by (27). 
Regardless of any distortion in H, its normal value 

may be computed in terms of the peak value of the 
magnetizing current by the use of (22). When using non-
selective measuring instruments it should be noted that, 
if appreciable distortion exists in the flux, (23) rather 
than (25) must be used for evaluating normal induction. 

NORMAL II DETERMINED FROM THE A. C. 
HYSTERESIS LOOP 

It is common practice to plot the a. c. hysteresis loop 
of a magnetic specimen by using as ordinates values of 
B obtained from the induced voltage, and as abscissae 
values of a pseudo-H computed from the exciting cur-
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rent. This technique will be illustrated by some 60-cycle 
data taken at a small induction by Burgwin3 upon an 
Epstein inductor having a Hipernik core and using a 
d. c. voltmeter together with a synchronous commutator 
to obtain values of B and Hat successive phases around 
the loop. 
The pseudo-H values measured by using a low-re-

sistance, air-core mutual inductor in series with the 
specimen inductor were closely sinusoidal. Core losses 
are nonexistent in this mutual inductor, so that its value 
of R' becomes infinite and its hysteretic angle is zero. 
Consequently, the entire exciting current is producing 
flux, and the open-circuit secondary voltage may be cali-
brated in terms of the exciting current. It should be em-
phasized, however, that whenever such a mutual induc-
tor is used, the current values obtained must be cor-
rected by (8) before evaluating the normal magnetizing 
force in the specimen inductor from (22). 
The B data (exciting voltage) were given a small cor-

rection to obtain the fundamental sinusoidal component 
which was given by 

B = 682 sin cot  693 cos wt.  (29) 

The hysteretic angle was, therefore, 

682 
= cot-1  = 45°28', 

693 

and the normal induction 

682  693 
  = 972 gausses. 

cos  sinfl 

(30) 

(31) 

In Fig. 6, loop A is a duplication of Burgwin's data 
showing a semiloop corresponding to positive values of 
induction. Burgwin also gave the d. c. hysteresis loop C 

1000 
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MAGNETIZING FORGE 

Fig. 6—Analysis of an hysteresis loop. 
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for the same specimen carried to the same maximum in-
duction value. For loop C the abscissa values are, of 
course, true d. c. values of H. For loop A, however, the 

abscissae give pseudo-H values calculated in terms of 
exciting current. This loop shows six significant values as 
follows: 
H .= 0.0550 oersteds, maximum value of pseudo-

111=0.0392 oersteds, pseudo-H corresponding 
to B=0 

H2 = 0.0386 oersteds, pseudo-H corresponding 
to B . 

Bma . = 972 gausses, maximum value of B, i.e., 
normal B 

Bi= 693 gausses, induction corresponding to 
pseudo-H= 0 

B2 = 682 gausses, induction corresponding to 
Hmax • 

Time sequence around this loop is counterclockwise 
and, since both components are sinusoidal, it can be 
shown that 

Hi  B1 
sin  = —  

"max  Bmax 

112 B2 
cos /3 = 

H .  B. 

Hi B, 
tan  =  = — • 

H2  B2 

(32) 

(33) 

(34) 

The maximum H for the loop C is seen to be 0.0300 
gausses; consequently, the d. c. permeability of the 
specimen has a value of 32,400, given by the slope of the 
radius G in gausses per oersted. Three different a. c. per-
meabilities may be defined from loop A. 
The slope of the radius K gives 

AR =- Bmax/H2 = 25,200. (35) 

The slope of the line M gives 

AM  = 17, 670.  (36) 

The line M is not the major axis of the ellipse unless 
B . and "max are scaled to be equal distances on the 
diagram. 
The slope of the radius N gives 

MN •••-• B2/11 . = 12,395. 

These permeabilities have the relation 

Ada'. > AR > AM > AN, 

(37) 

(38) 

and it can be shown from the above equations that Am is 
the geometric mean of AK and µN.' 
The loop A encloses an area proportional to the total 

core loss because it is evaluated in terms of exciting cur-
rent, which leads the flux and the true magnetizing cur-
rent by the angle 0. 
If, for each induction value, the phase of the cor-

responding pseudo-H value is retarded by the angle /3, 
the loop A degenerates into the line M, enclosing no 

This relation was pointed out by S. L. Burgwin. 
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area. Line M has the same H.&x value as loop A, but has 
been made coincident in time with B... (normal B). 
However, the magnitude of Hm.. is determined by the 
exciting current, so that, to determine the true path of 
B versus H variation, the abscissa value of each point 
on line M must be reduced by cos ft (compare (8)). The 
true path is, therefore, line K, so that H2 is the true nor-
mal H for the given normal B, and µK (slope of line K) 
is, in fact, the normal permeability of the specimen. 
This same result may be achieved by first reducing 

the abscissa of each point of loop A by cos  giving loop 
D. Then when, for each B value of loop D, the corre-
sponding H value is retarded by the angle ft, this loop 
degenerates into the line of operation K which encloses 
no area, since the loss component of the exciting current 
has been removed. 
Assuming a negligible value of copper loss, the sig-

nificance of AN may be seen by taking the ratio of (35) 
to (37) and substituting from (33) to obtain 

AN = Ax cos' ft = AK sin' 0.  (39) 

The normal permeability µK has been shown in (24) to 
be computable directly from the parallel inductance L'. 
Likewise, from (11) and (15), AN may be considered to 
be the permeability computed directly from the series 
inductance omitting the factor [1+ (E0 —De)2] in (27). 
The only significance which can be attached to the 

µ,v value is its definition (36) as the ratio of the normal 
induction to the maximum value of pseudo-H evaluated 
in terms of the full exciting current. It follows that a sec-
ond evaluation of Am is given by 

B2 
= AK COS  = —  • 

H2 
(40) 

It is apparent that the normal H2 required to produce 
the dynamic cycle of induction exceeds the maximum 
static value of H required to produce the same maxi-
mum induction (total flux) in the d. c. loop C. It may be 
considered that the shielding effect of eddy currents in 
the core reduces the actual interior induction, so that to 
produce a given total flux more magnetizing current 
would be required. The departure of normal µ below 
Ad..., or, graphically, the angle between lines G and K, 
would thus increase with the frequency and the lamina-
tion thickness of a given material. Data supporting this 
hypothesis' will be found in Appendix B. 
The foregoing data show close agreement between the 

values H1 and 112 and again between B1 and Bg. This is 
only because, for loop A, the hysteretic angle was close 
to 45°. In Fig. 7 a pseudo-H loop has been constructed 
for the same normal B, but having increased core loss, 
resulting in the angle # becoming 55°. The significant 
values for this loop, which degenerates into the same 
line K when corrected for phase displacement and into 
terms of magnetizing current, are as follows: 

Suggested by R. F. Field. 

H..= 0.0672 oersteds 
H1=0.0551 oersteds 
H2 =0.0386 oersteds, as before (normal H) 
B...= 972 gausses, as before (normal B) 
B1=796 gausses 
B2=558 gausses. 

.02  02 

MAGNETIZING FCRCE 

Fig. 7—Hysteresis loop with larger ft. 

These data yield: 
AK =25,200, as before (normal /I) 
Am= 14,460 
Apt = 8,290. 

Note that, here, AN (series inductance) is less than one-
third of AK (parallel inductance). 
For any of these sinusoidal pseudo-H loops, normal 

permeability may be evaluated from (33). A precise 
value of H2 is difficult to observe, since the loop is hori-
zontal at its summit. It will be useful to note that, from 
the geometry of any of these sinusoidal loops, the radius 
K bisects each horizontal chord of the loop, while the 
radius N bisects each vertical chord of the loop. The ra-
dius K (normal µ) may thus be located more accurately 
as the bisector of the horizontal chord having an ordi-
nate value B1, and the radius N as the bisector of the 
vertical chord having the abscissa value HI. 
It should be noted that, had harmonic distortion ex-

isted in H and/or B, correcting the observed loop for 
phase displacement and true H magnitude would have 
degenerated it into a curved line, in reality the initial 
d.c. magnetization curve displaced horizontally by eddy-
current shielding. The slope of the straight line K 
drawn to its extremity would then determine normal 

MEASUREMENT OF CORE Loss 

The core-loss power P. jointly due to hysteresis and 
eddy-current losses may be measured in various ways. 
Using a wattmeter reading P and an r.m.s. ammeter to 
measure the exciting current, 

P —  (41) 
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The copper-loss correction term in (41) may be avoided 
if the voltage coil of the wattmeter, together with an 
r.m.s. voltmeter reading E, are connected in parallel to 
constitute a resistive load r across a secondary winding 
on the inductor. The wattmeter will respond to the 
product of the in-phase parameters E.,,, and the cur-
rents through the resistances R' and r, so that 

pc  = (p E2N 

r ) 
(42) 

where 7 is the reciprocal of the turns ratio. 

In bridge measurements the r.m.s. values of the excit-
ing current or the terminal voltage may be obtained by 
using (16), (19), and (20) : 

Pc = It2R' = I .,c2coLs(D — Dc) = „c2(R, — Re)  (43) 

E.,u2 ET2 D — 13,\ 
PC =   

R'  coL, 1 + D2 1' 

or, in terms of the apparent power, 

(D — Dc) 
Pc= Erre= 

/1 + D2 

Equations (44) and (45) stipulate sinusoidal flux. 
However, it will be demonstrated in Appendix D that, 
in the presence of flux distortion, the use of a tuned volt-
meter to measure E r or E„,, (across a secondary wind-
ing) will give Pc values from (44) which check those ob-
tained from (43). 

COMPOSITION OF CORE Loss 

When the specimen material is in a SCM condition, 
the existing core loss Pc is composed of two additive 
components: hysteresis power Ph,  and eddy-current 
power P. By means of the following analysis' it is pos-
sible to separate the measured core loss into these two 
components, provided that the total dissipation factor 
D and the copper-loss dissipation factor Dc are known. 
The hysteresis power is directly proportional to the 

frequency and is given by 

Ph = 7717fB1 X 10-7 ,  (46) 

which involves the coefficient 77 and the Steinmetz ex-
ponent e, both of which are not too well known and by 
no means constant functions of the normal induction. 
The eddy-current power is directly proportional to 

the square of the frequency and is given by 

(44) 

— 

= ETI.,c cos ck — .„c2Re. (45) 

T2f2B262v 

6 X 107"p 

where 8 is the lamination thickness, and p is the re-
sistivity of the specimen material (c.g.s. units). 
In Fig. 5 consider the resistor R' to be replaced by 

two parallel components Rh and R. which, if divided 
into E.1 2, would yield, respectively, the values Ph and 

6 P. K. McElroy and R. F. Field, "How good is an iron-cored 
coil?" Gen. Rad. Exp., vol. 16, pp. 1-12; March, 1942. 

(47) 

P.. The hysteresis and eddy-current dissipation factors 
may be defined as 

coL' 
Dh  —  = 

Rh 
2(1+ el 2)771 ,13(•— 2) 

a!  272624 
D.  — =   

R,  3p X 10" 

The following relation is shown to exist': 

D = D. + Dh  D.. 

(48) 

(49) 

(50) 

If these values are plotted versus frequency on log-log 
paper and no eddy-current shielding (constant induct-
ance) is assumed, D h will be a horizontal line; Dc will 
be a straight line with a negative unity slope, assuming 
a constant R, value; and D. will be a straight line having 
a positive unity slope. The total D will be a hyperbolic 
curve asymptotic to Dc and D. and having a vertical 
axis. Thus, D will have a minimum value at that fre-
quency which makes De equal to D. and will be the re-
ciprocal of the familiar Q versus frequency curve. Dc 
thus predominates at low frequencies and D. at high 
frequencies. 

Without trying to compute D h, D, may be evaluated 
from (49). Then, using (50), the ratio 

D. D.  =  P. 

D„ + Dh  D — Dc P. + Ph 
(51) 

will give the fractional part of the total core loss Pc 
which is due to eddy currents. Consequently, 

D.Pc 
P. =   (52) 

D — Dc 

and, finally, 

Ph =  P  — P..  (53) 

Empirical data illustrating this procedure are given in 
Appendix C. 

A.S.T.M. TESTING METHODS 

The A.S.T.M. has compiled a useful series of stand-
ardized testing procedures for the measurement of µ and 
Pc2 which embody the principles that have been dis-
cussed. Lack of space prevents a further detailed analy-
sis of these procedures herein. The reader should remem-
ber that their validity depends upon certain limitations; 
namely, (1) that H must be evaluated in terms of true 
magnetizing current; (2) that a bridge-measured µ must 
be computed in terms of L'; and (3) that, if flux distor-
tion exists, B must be obtained from (21) rather than 
from (23). It will be shown in Appendix D, however, 
that in the presence of flux distortion, values of p deter-
mined by (25) and, independently, by (19) will agree 
within observational errors, provided that instruments 
tuned to the fundamental frequency are used. 

A.S.T.M. Specification A34-44, 1944 Book for Metals, pp. 679-
704. 
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APPENDIX A 

SINUSOIDAL H VERSUS SINUSOIDAL B 
ERROR IN USING FIG. 1 

The following appendices give data taken upon a 25-
cm. Epstein square loaded with 29-gauge Wheeling 
VII 72 silicon steel. Measurements were made with an 
Owen bridge using a harmonic analyzer as a null de-
tector. This instrument also served as a tuned volt-
meter for current and voltage measurements. Unless 
otherwise noted, the bridge was excited at a frequency 

of 60 cycles. 
In order to ascertain the differences existing between 

measurements made under conditions of sinusoidal H 
and, again, under conditions of sinusoidal B, the data 
depicted in Figs. 8 and 9 were obtained. The tuned volt-
meter permitted normal B values to be evaluated from 
(25), while normal II was obtained from (22) and normal 
ti values were computed from (27). 

p, AND B, WITH 
p, AND Bi WITH 
p3 AND pi ERRONEOUS 

SINUSOIDAL 

SINUSOIDAL 

VALUES, 

H, 

B, 
SEE 
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H DISTORTION 

• r -

PA000 P s, 
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Fig. 8—Sinusoidal B versus sinusoidal H data. 

In the first run the generator resistance was made suf-
ficiently high (20 kilohms) to ensure sinusoidal H. In 
Fig. 8 the curves pi, B1, and d1 show the variations of 1.1, 
B, and the simultaneous percentage distortion in B ver-
sus normal H. In the second run the generator resistance 
was essentially a 10-ohm bridge arm, resulting in closely 
sinusoidal B conditions, and yielded the corresponding 
curves 122, B2, and d2, the latter giving the simultaneous 

distortion in II. 
Fig. 9 shows the core-loss values Pi (sinusoidal H) and 

P2 (sinusoidal B) computed from either (43) or (44). 
From the foregoing data it will be seen that the dis-

tinction between sinusoidal H and sinusoidal B measure-
ments was not measurable below an II of 0.15; that it 
was most pronounced in the region of µmax , and finally 
became less significant at higher induction values. Maxi-
mum differences of about 8 per cent in µ and B and 
about 5 per cent in Pe were observed. 
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Fig. 9—Core loss with sinusoidal B and sinusoidal H. 

The inductor had a dissipation factor which varied 
between 0.4 and 0.8. Accordingly, if the erroneous as-
sumptions of Fig. 1 are used and the permeability is 
computed directly in terms of series inductance and the 
geometry of the Epstein square, while a pseudo-H is 
evaluated in terms of the full exciting current, the curves 
j.13 (sinusoidal H) and MA (sinusoidal B) in Fig. 8 are ob-
tained. The substantial departure between these curves 
and those depicting the true values gi and 122 is appar-
ent. 

APPENDIX B 

DATA SUPPORTING THE HYPOTHESIS OF EDDY-CURRENT 

vi  SHIELDING; EFFECT OF COPPER Loss 

The following typical data (Table I) taken from the 
U. S. Steel Technical Bulletin No. 2 for their Motor 
Grade (21 per cent silicon) show the decrease in normal 
ti with increasing sheet thickness for specific values of 

normal II. 
TABLE I 

Gauge  H=0.4  H=1.05  H=4.0 

29 
26 
24 

2750 
2200 
2100 

6100 
5780 
5400 

3000 
2890 
2810 

To investigate the effect of frequency variation, the 
author made the Owen-bridge determinations of nor-
mal µ upon the 25-cm. Epstein, while maintaining a con-
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stant total flux corresponding to an average normal in-
duction of 100 gausses shown in Table II. 

TABLE H 

Frequency   Normal Ai  Core Loss 
(c.p.s.) 

A  B  A 

331 
50 
75 
100 
150 
200 
250 
300 
400 

1571 
1555 
1537 
1525 
1509 
1499 
1492 
1486 
1479 

1556 
1545 
1531 
1520 
1505 
1495 
1489 
1484 
1477 

0.165  0.145 
0.242  0.215 
0.368  0.350 
0.498  0.477 
0.784  0.763 
1.112  1.090 
1.45  1.43 
1.84  1.82 
2.67  2.67 

In columns A the values of µ and core loss (evaluated 
in milliwatts) were computed assuming copper loss 
negligible (Fig.4) ; in columns B the true values are given 
taking the copper loss into account (Fig. 5). The dis-
crepancy is seen to be appreciable at the lower frequency 
values when De becomes a substantial part of D. 
The two foregoing tabulations demonstrate the shield-

ing effect of eddy currents which causes normal µ to be-
come less than the d. c. permeability as either the lami-
nation thickness or the frequency is increased. 

APPENDIX C 

AN ANALYSIS OF CORE Loss INTO Ph AND Pe 

Using the data given in Appendix B and equations 
(17) and (49) through (53), together with the measured 
data R. = 1.81 ohms, 8 = 0.0384 cm., and p= 66.7 X10-4 
ohm-cm., the following data were computed as shown 
in Table III. 

TABLE III 

f  P.  Py 
Pdr  PAII  P./Pc Ph/P• (c.p.s.)  mw.  (mw.) 

33.3 
50 
63.5 
75 
100 
150 
200 
250 
300 
400 

0.006 
0.014 
0.022 
0.032 
0.056 
0.126 
0.225 
0.350 
0.50 
0.89 

0.139 
0.201 
0.264 
0.318 
0.421 
0.637 
0.865 
1.08 
1.32 
1.78 

54)00-7  
56 
55 
57 
56 
56 
56 
56 
56 
56 

417)00-1 
402 
418 
424 
421 
425 
423 
432 
440 
445 

0.043 
0.063 
0.078 
0.091 
0.117 
0.165 
0.206 
0.244 
0.276 
0.335 

0.96 
0.94 
0.92 
0.91 
0.88 
0.83 
0.79 
0.76 
0.72 
0.66 

At the frequency of 63.5 c.p.s. the De and D. values were 
closely identical, while D had its minimum value. 
The constancy of the two ratios P./f2 and Phil at-

tests the validity of this analysis and of (50), even 
though the theoretically linear graphs of De, D2, and D. 
may have small curvatures due to the slow variation of 
inductance with frequency. 

APPENDIX D 

INTERCOMPARISON OF METHODS 

To compare the methods of measuring permeability 
and core loss using tuned and untuned voltmeters in the 

presence of B and H distortion, the Owen-bridge data 
were taken upon the Epstein square as shown in Table 
IV. Values of normal µ were then computed from 
(27) and values of R' from (16). Simultaneous val-
ues of I. were obtained with a voltmeter across a 100-
ohm resistive arm of the bridge carrying I., whence the 
magnetizing current was computed from (18) and nor-
mal H from (22). Simultaneous values of E... were ob-
tained from the voltage induced in the secondary wind-
ing and the turns ratio, whence normal B was computed 
from (25). 
Each of these two voltage measurements was made 

with two different instruments, a tuned voltmeter (har-
monic analyzer) tuned to the fundamental frequency, 
and an untuned vacuum-tube voltmeter. A harmonic 
analysis of I.„ (H) and of Es(B) was likewise made. 
From the data a second (independent) value of normal 
permeability p A was computed as the B/H ratio ob-
tained with the tuned voltmeter, and a third value pa 
as the B/H ratio obtained with the untuned voltmeter. 
Using the tuned voltmeter readings, core-loss power was 
evaluated in two independent ways, P1 from (43) and P2 
from (44). 

TABLE IV 

Per Cent 
Distortion 

in H  in B 

is  P1 

Pa  Pg 

2.37  10.2  37.5  5,410 
1.74  7.2  34.7  6,690 
1.323  5.7  29.6  7,990 
1.000  4.5  26.5  9,320 
0.756  3.9  24.0  10,800 
0.576  3.2  19.7  11,890 
0.431  2.57  16.8  12,210 
0.341  2.32  12.7  11,630 
0.272  1.98  9.4  9,570 
0.203  2.04  6.0  6,190 
0.149  2.38  5.1  4,210 

Average 

0.980 
0.974 
0.977 
0.977 
1.008 
1.045 
1.002 
1.008 
1.040 
0.995 
1.024 

1.482 
1.373 
1.305 
1.212 
1.156 
1.090 
1.038 
1.010 
1.009 
0.988 
0.990 

0.973 
0.909 
0.929 
0.967 
1.043 
1.096 
1.007 
1.012 
1.075 
0.988 
1.060 

0.999  1.005 

Recalling that the accuracy of the PA, Pa, Pi, and P2 
values depends upon the precision of voltmeter read-
ings, the close equality between the two independent 
values µ and AA and between P1 and P2 is evident. The 
value of AB (B/H ratio obtained with an untuned volt-
meter) progressively diminishes from the true pi value as 
the distortion in B increases, demonstrating that (25) 
is valid only for sinusoidal components and that, with 
flux distortion, (23) must be used. 

APPENDIX E 

EFFECT OF SHEARING ON NORMAL p AND 
CORE Loss 

The 3-cm. strips were then removed from the Epstein 
square and each sliced longitudinally to give three strips 
each one cm. wide. Each of two pieces was thus sub-
jected to a shearing strain along one of its edges, while 
the third piece was subjected to shearing strains along 
both of its edges. The same iron was then replaced in the 
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Epstein square and a duplicate test run was made. By 
interpolation, the percentage changes in normal µ and 
core loss for specific values of H, and again for specific 
values of B, were determined as shown in Table V. 

TABLE V 

Original 
(oersteds) 

Per Cent 
Change 
in is 

Original 
P, 

(watts) 

Per Cent 
Change 
in P, 

0.20 
0.30 
0.40 
0.50 
0.75 
1.00 
1.50 
2.00 
2.50 

6,050 
10,580 
12,070 
12,150 
10,700 
9,320 
7,370 
6,120 
5,170 

+ 0.7 
- 1.7 
- 3.3 
- 4.3 
- 5.1 
- 4.9 
- 4.2 
- 3.4 
- 2.9 

0.175 
0.355 
0.52 
0.87 
1.13 
1.57 
1.96 
2.33 

0.0 
- 2.8 
- 6.8 
-11.5 
- 8.9 
- 8.3 
- 8.2 
- 8.2 

(kilogausses) 
1 
2 
3 
4 

6 
8 
10 
12 
14 

5,400  + 1.3 
8,270  + 0.8 
10,530  - 1.0 
11,760  - 1.9 
12,160  - 3.2  0.280  0.0 
12,130  - 5.0  0.53  + 0.9 
10,860  - 9.8  0.86  + 2.3 
8,850  -15.0  1.23  + 7.3 
6,620  -21.6  1.78  +14.0 
4,250  -31.7  2.72  +21.7 

The effect of shearing strains is seen to be: a reduction 
in /.4 (except at low induction), a reduction in core loss 
for specific values of H, and an increase in core loss for 
specific values of B. For specific values of Ha maximum 
fractional change in both pi and Pc occurs at an H value 
which is somewhat in excess of that corresponding to 
Amax. For specific values of B, the effect of shearing upon 
and P. increases progressively with rising values of in-
duction. 

APPENDIX F 

The author has used with success a method of meas-
uring µ which involves a direct determination of the 
angles 4) or 13 by means of a cathode-ray oscilloscope (see 
Fig. 10). A suitable resistance R is placed in series with 
the specimen inductor and shunted by a peak-reading 
voltmeter, so that the ratio ER/R gives the value of the 
exciting current. The adjustable high-resistance voltage 
divider P draws no appreciable current through R. The 
source generator E,, through a transformer feeds a phase-
shifting network consisting of two equal fixed capacitors 
C and two equal adjustable resistors r. With low input 
and high output impedances, the output voltage of this 
network is essentially constant and has a phase displace-
ment a from the input voltage given by 

2rcoC 
tan a =   (54) 

1 -- r2(49C2 

Joint adjustment of the two r resistors thus varies the 
phase of the reference voltage E rof (output of the ampli-
fier A1) which is applied to the horizontal deflectors of 
the c.r.o. By means of the switch B-H either the voltage 
drop acrossRor a suitable portion of the terminal voltage 

may be applied through the amplifier A2 to the vertical 
deflectors. 
If copper loss may be considered negligible, the excit-

ing voltage may be taken to be the terminal voltage 
read on the high-impedance voltmeter E. The operat-
ing procedure is as follows: With the switch open, adjust 
the gain of the amplifier Alto give an appropriate length 

Fig. 10 - Measurement of 12 by determining the angles (t, or 

of the vertical sweep on the screen. Close the switch to 
the H position and adjust the phase network to reduce 
the elliptical pattern on the screen into a line with, say, 
a positive slope. The phase of the reference voltage E r e 

having a relative displacement am has thus been matched 
to the phase of the exciting current. The most accurate 
determination of this matching may be made if the 
slope of the line is made approximately 45° by an ap-
propriate gain adjustment of the amplifier A2. Any dis-
tortion in H will introduce curvature into the line, in 
which case the center portion should be closed. Leaving 
the amplifier A2 unchanged, throw the switch to the B 
position and readjust the phase network to provide a 
new relative displacement aR which will match the 
phase of E „f with the terminal voltage of the inductor, 
resulting in a line with a positive slope which may be ap-
proximated to 45° by adjustment of the potentiometer 
P. The phase angle  of the inductor will then be the al-
gebraic difference between the two relative displace-
ments aH and as. 
Normal magnetizing force may then be computed by 

substituting (9) into (22). For measurements with sinu-
soidal B (small R values), the voltmeter Er must read 
peak values. Substituting Er for E„.„ in (25) gives the 
normal induction, whence the normal permeability be-
comes 

= 
1 0 8XR 

0 .4 012Aco sin 4) ( 2R) • 

For measurements with sinusoidal H (large R values) 
the voltmeter Er must read average values and normal 
induction obtained from (28). In this case normal per-
meability is given by: 

108XR  (ET (ay.)\ 
=   
0.8N2Aco sin 4) \ ER  l• 

(55) 

(56) 
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Copper losses could be taken into account in this 
method by substituting the factor cos f3 for sin yt, in (55) 
and (56) and substituting (8) into (22). The angle 13 can 
be measured by connecting the B contact of the switch 
across an appropriate number of secondary turns on the 
inductor. The observed displacement an' would then bp 
the angle between E ref and the induced voltage. It fol-
lows that the algebraic difference between the two rela-
tive displacements an and an' will be the angle between 
E a and I„, and hence will equal 13 plus r/ 2. The volt-
meter reading Er would be replaced by E' across the sec-
ondary winding, as indicated in the lower portion of Fig. 
10, so that its peak or its average reading divided by the 
turns ratio would give the exciting voltages to replace 
the corresponding terminal voltages in (55) or (56). 

APPENDIX G 

UNITS OF MAGNETIC MEASUREMENT 

There are currently three systems of magnetic units 
in use. Since some confusion exists in the interpretation 
of these systems and the relationships between them, 
the following summary was considered desirable. 
The A.S.T.N1. specifications embody the nonration-

alized c.g.s. electromagnetic system of units (used in this 
paper) in which magnetomotive force F, measured in 
gilberts, is given by 0.4r times the ampere-turns cir-
cumscribing the flux path, and the unit of reluctance R, 
sometimes called the "magnetic ohm," is the reluctance 
across a centimeter cube of free space. Magnetic flux 
43, measured in maxwells or "lines," is then the ratio 
FIR. In a symmetrical and homogeneous flux path the 
magnetizing force H, measured in oersteds, is the ratio 
FIX; while the induction B, measured in gausses, is the 
ratio (IVA. In this system permeability pi is the ratio 
BIII evaluated in gausses per oersted, and has a value 
of unity in free space. 
In the practical nonrationalized m.k.s. electromag-

netic system, F is measured in pragilberts and given by 

4r times the ampere-turns, so that a pragilbert is in 
reality a decigilbert. The unnamed unit of reluctance 
may be defined as 10-9 magnetic ohms. Flux is measured 
in webers, one weber being 108 maxwells. H is measured 
in praoersteds (pragilberts per meter), so that a pra-
oersted is a millioersted. B is measured in a unit (webers 
per square meter) which equals 10 kilogausses. Hence, in 
this system the permeability of free space has a value of 
10-7 . 

In the rationalized m.k.s. electromagnetic system F 
is measured directly in ampere-turns, while the units of 
cl) and B remain the same as in the nonrationalized m.k.s. 
system. Consequently, the rationalized m.k.s. units of 
F,R, and H are each larger than the corresponding non-
rationalized m.k.s. units by the factor 47r and the per-
meability of free space becomes 4r X10-7 . The conver-
sion tables shown in Table VI may be used. 

TABLE VI 

I. Converting c.g.s. into nonrationalized m.k.s. values 

To convert  into 
F in gilberts  F in pragilberts 
R in magnetic ohms  Rin m.k.s. (N-R) units 
4) in maxwells  43 in webers 
11 in oersteds  H in praoersteds 
B in gausses  B in webers/square meter 
A c.g.s.  µ m.k.s. (N-R) 

I I. Converting c.g.s. into rationalized m.k.s. values 

To convert 
F in gilberts 
R. in magnetic ohms 
4, in maxwells 
H in oersteds 
B in gausses 
c.g.s. 

into 
F in ampere-turns 
get in m.k.s.-R units 
43 in webers 
H in ampere-turns/meter 
B in webers/square meter 
A m.k.s.-R 

multiply 
by 
10 
109 
10-9  
103 
10-4 
10-3  

multiply 
by 
10/47r 
10'/4-
10-s 
103/4 n-
10-4 
47I-X10-7 

III. Converting nonrationalized m.k.s. into rationalized m.k.s. values 
To convert 

F in pragilberts 
gt in m.k.s. (N-R) 
4, in webers 
11 in praoersteds 
B in webers/square 
m.k.s. (N-R) 

into 
F in ampere-turns 
'PR in m.k.s.-R units 
S in webers 
H in ampere-turns/meter 

meter  B in webers/square meter 
g m.k.s.-R 

divide by 
47r 
4r 
1 
47r 
1 
1 /41-

The Degenerative Positive-Bias Multivibrator* 
SIDNEY BERTRAM t, SENIOR MEMBER, I.R.E. 

Summary—The operation of a multivibrator with positive grid 
supply and cathode degeneration is described. It is shown that, for 
suitable circuit parameters, the frequency of the multivibrator is very 
nearly a linear function of the applied grid voltage. Since the grid 
voltage can be controlled with relatively simple auxiliary circuits, the 
positive-bias multivibrator becomes a useful variable-frequency 
source. 

* Decimal classification: R146.2 X R357.21. Original manuscript 
received by the Institute, June 27, 1946; revised manuscr.pt received, 
June 25, 1947. 
1. Ohio State University, Columbus, Ohio. 

ji_ r i HE MULTI VIBRATOR is well known and much 
has been written about its operation. However, 
the extremely useful characteristics of multi-

vibrators operating with positive grid return are not 
well known. Bartelink' has indicated that the frequency 
of a multivibrator varies approximately linearly with 
the grid-bias voltage. The purpose of this paper is to 

1 E. H. B. Bartelink, "A wide-band square-wave generator," 
A.LE.E. Trans., vol. 60, pp. 371-376; June, 1941. Supplement to 
Elec. Eng., transactions section. 
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describe the operation of a multivibrator operating 
with positive grid return and cathode degeneration, and 
to show that it is possible to choose the circuit con-
stants so as to make the grid-voltage versus frequency 
relationship extremely linear over a frequency range of 
well over an octave. This inherent linearity should make 
the multivibrator adaptable to a wide variety of ap-
plications. 
The multivibrator shown in Fig. 1 consists of a two-

stage resistance-coupled amplifier with the output 
coupled back to the input so that the circuit is re-
generative. The mode of operation is easily seen. 

Fig. 1—The positive-bias multivibrator. 

Suppose the multivibrator has just been turned on 
and is not yet oscillating. Any disturbance during the 
warm-up period would then be amplified regeneratively 
until it started the oscillation. Thus, if the plate current 
of tube T2 is momentarily increased, it would start the 
following chain of reactions: (a) the plate voltage of Ts 
would decrease; (b) the grid of T1 would become more 
negative; (c) the plate current of T1 would decrease, 
allowing the plate voltage to increase; (d) the grid of Ts 
would become more positive; and (e) the plate current 
of Ts would increase, adding to the original change 
that started the reaction. 
If the over-all gain around the loop is greater than 

unity, the system is unstable; in this case the reaction 
will progress at a rapid rate until tube T1 is cut off, 
so that its plate is at substantially the voltage of the 
supply, while T2 has its grid positive with respect to its 
cathode and considerable drop across its plate load 
(time A in Fig. 2). The voltage on the grid of T1 now 
rises as the coupling capacitor charges, approaching the 
voltage of the grid supply E, asymptotically. When the 
grid of T1 nears the cutoff voltage, T1 starts to conduct 
(B in Fig. 2), so that its plate becomes increasingly 
negative. This reduces the voltage on the grid of Ts, 
causing its plate to become increasingly positive and 
thus accelerating the already rising voltage on the grid 
of Ts. When T1 becomes sufficiently conducting to make 
the combined gain of Ts, T2 greater than unity, the 
circuit "flips over"; i.e., the two tubes change places, 
the grid of T1 becoming positive with respect to its 

cathode while the grid of T2 is driven below the cutoff 
voltage. The operation is then repeated, the grid of T2 
rising exponentially until T2 becomes conducting, when 
a second flip-over occurs, etc. 
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Fig. 2—Multivibrator wave shapes. 

The above analysis has neglected the small but ob-
servable effect of grid current on the operation of a mul-
tivibrator. When the multivibrator flips over, the grid 
of the tube, becoming conducting, goes positive with 
respect to its cathode. This prevents the plate voltage 
of the opposite tube from immediately reaching the 
plate-supply voltage (being restrained by the grid cur-
rent). As the coupling capacitor charges, the grid volt-
age of the conducting tube decreases, allowing its 
plate voltage to increase; this change in plate voltage 
is carried over to the grid of the nonconducting tube, 
modifying the rate of rise of its grid voltage. In a multi-
vibrator it is important that R. be large compared to 
RL (grid-circuit time constant large compared to plate-
circuit time constant), so that the grid current will de-
crease to a low value, compared to its maximum value 
immediately following a flip-over, before the next flip-
over occurs; otherwise, the grid current will affect the 
stability of the multivibrator. Another factor that 
affects the multivibrator operation is the input ca-
pacitance of the tubes, which reduces the signal to the 
grids; this is particularly true at high frequencies where 
the coupling capacitance is small. 
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The period of the multivibrator is dependent upon 
the amplitude of the oscillations, the resistance-
capacitance combination in the grid circuit, and the 
voltage to which the grids are returned. The half-period 
is very nearly the time necessary for the grid to change 
from its highly negative voltage following the flip-over 
to the cutoff voltage. The period will be increased by 
(a) increasing the amplitude of oscillations by increas-
ing the plate load resistance or decreasing the cathode 
resistance; (b) increasing either the resistance or ca-
pacitance in the grid circuit, thus decreasing the rate 
at which the capacitor charges; and (c) decreasing the 
grid-return voltage Eg, thus decreasing the rate at 
which the capacitor charges. 
The voltage versus frequency relationship of a multi-

vibrator is fairly linear (except at very low or very high 
grid-supply voltages) for any circuit values. The rela-
tionship has an inflection point, and it is possible to 
choose the circuit parameters so that the point of in-
flection is at the center of the desired operating range of 
E. In designing a multivibrator, it is convenient to 
adjust the cathode resistance Rk to obtain the desired 
linearity; the grid-circuit parameters (R„, C) can then 
be adjusted to give the desired operating range.' When 
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Fig. 3—Voltage versus frequency relationship of the multivibrator 
using two 6J5 tubes, with RL =5000 ohms, R,=270,000 ohms, 
C=100 Apfd., and Eb=250 volts, for different values of R. 

this adjustment is properly made it is found that the 
grid-voltage versus frequency relationship is quite 
linear. Thus, in Fig. 3 the curve is slightly concave 
downwards for Rk = 0, very linear for Rk = 1000 ohms, 
and concave up for Rk = 2000 ohms. It is not possible to 
show the degree of linearity obtainable on the curve. 

2 The resistors r are often necessary to suppress parasitic oscilla-
tions in the grid circuit (200 ohms is sufficient). 

In making the measurements, the frequency was set at 
harmonics of a low-frequency standard (5000 c.p.s.) by 
varying the grid-return voltage, and the voltage then 
read on a three-decade potentiometer. A change in # 
from 0.3 to 0.7 resulted in a change in frequency from 
37 to 70 kilocycles with a departure from linearity of 
less than + 200 c.p.s. It is particularly significant that 
this linear operation is essentially independent of the 
tubes used, so long as their characteristics fall within 
normal limits. Thus, once a suitable set of values is ob-
tained, the results can be duplicated with only ordinary 
care in choosing the elements. 
Since the grid return is a high-impedance circuit, the 

voltage can be varied dynamically, if desired, using 
low-power circuits. Here the high degree of linearity 
obtainable makes the positive-bias multivibrator very 
useful as a frequency-modulated source. 

APPENDIX 

The frequency of a multivibrator can be approxi-
mated in terms of the constants of Figs. 1 and 2. 
When a grid is rising exponentially from its maximum 
negative value (taken at time 1=0), its instantaneous 
voltage can be expressed as 

e. = [E. — (E. — Egi)e--"Recd 

where C.= C+ Ci„ is the effective capacitance in the 
discharge circuit. The circuit will flip over when e5 
reaches the cutoff value E02= —(Eb/u); the value of t 
for this cutoff condition is the half-period of the multi-
vibrator, and thus determines the frequency. The volt-
age E„ is found as follows': 

where 

and 

Eg, = Eg, — (Eb — Epg) 

E„ = 
RKEb 

Rp  RL + RIC 

(Eb — E53) = 
R, FRL F 

RLEb 

The frequency of a multivibrator can now be written 

1 
1 =   (1) 

2R,C. log.  — 7)  

where 

E, 

Eb 

PO ± 1 

E 
and 7 = —  • 

Eb 

3 In calculating C„ the input capacitance is Cin =Cob-I-Cm -Fa, 
the plate voltage being constant in the discharge period. In calculat-
ing Ee the voltage transferred from the plate to the other grid is 
reduced by the input capacitance; for this condition, Cber---- Cob 
+2C9,-1-C., because the plate voltage moves positively about the 
same amount that the grid moves negatively. 



280  PROCEEDINGS OF THE I.R.E.— Waves and Electrons Section February 

In deriving the frequency equation, the following 
simplifying approximations have been made. It is as-
sumed that, before a flip-over occurs, an equilibrium 
condition is reached in which the grid of the conducting 
tube is at the same voltage as its cathode; the plate cur-
rent is then determined by the intersection of the load 
line for the combined plate and cathode loads with the 
zero-bias plate current. The effective amplification 
factor is determined by the grid voltage at the effective 
cutoff point—the point where the over-all gain is just 
unity. Actually, a very good approximation is obtained 
if the values for µ and R, given in the tube manuals 
are used. 
The frequency equation (1) is cumbersome and not 

readily interpreted. It can be transformed as follows: 
Let go be the center of the operating range of 13 and x 
the deviation from the center, i.e.,  =130-Fx; then, if 
the additional substitutions a = 1/13o —7 and b=µ/1+µ13o 
are made, (1) becomes 

1 
1 =   (2) 

b  1+ axyl 
2R,C. [log. — -I- log, (   

a  1+ bxl _I 

It is expedient at this point to expand the second 
logarithmic expression (involving x) in a power series; 
thus 

log,   ax)bx (a  b)r  k(02 — b2\ 
2 

a3 — )x3 
3 

+ • • • 

a4 — b1) 
x 4 

4 

a + b 
= (a — b)x [1  ( )x 

2 

+ (a'  ab  b2) 
  x2 

3 

a2b + ab2 b3) 
  x3 + • • •]. 

4 

If a is not too different from b, then 

a2 ab  b2 (a ± 

3  k 2 

and, in general, 

an ±  an-l b ±  an- 2b2 ±  • • • +  bn  (a + by. 

n+ 1  \ 2 ) 
Thus, the above series is approximated by the new 
series' 

4 There is no error in the constant or linear terms of the approxi-
mating series. In the case of the 6J5 multivibrator used as an example, 
a =1.38 and b= 1.82; for these values the error in the lower-order 
terms are: second degree, 0.6 per cent; third degree, 2.0 per cent: 
fourth degree, 3.6 per cent; and fifth degree, 6.3 per cent. 

) 
log. (1  ± ax + bx) — (a  b)X [1  (a +b 

2 

+ (a tb)2x2 _ ia +by 
  x3 

2  2 

• • .1 

(a — b)x 
(3) 

(a + 
1 +   

2 

In terms of this approximation the frequency equation 
becomes 

a+b 
1+(  )x 

2 

2R,C.{log, —b +x[(a+b ) log,  
a  2  a 

(4) 

It is possible to adjust the circuit parameters so that 
the coefficient of x in the denominator vanishes. Thus, 
if (a+b/2) log, b/a=b—a, the denominator is constant 
and the frequency becomes a linear function of the grid-
return voltage /3 =.E,/Eb. Under these conditions the 
frequency equation takes the simplified form 

1 (a ± b \  ) 
2 a + b 

2R,C. log, —  4R,C. log. — 
a • a_ 

R9= grid-return resistance 
C.= C+Cin =effective circuit capacitance 
130=E,./Eb=design-center grid-return voltage 
13 =.E./Eb =grid-return voltage 
a = 1 /00 --y, b=µ/1+µ/3o, and 

1' = 

RK — RL 
C  Cin' 

C 

R, RL  RIC 

For a multivibrator employing two 6J5 tubes, with 
RL = 5000 ohms, RK= 1000 ohms, R,,= 270,000 ohms, and 
C=100 µµfd. (also, from tube manuals, R„ = 7700 ohms, 
.µ = 20, and, including 5 µµfd. of stray capacitance, 
Ci' = 22 µµfd.), (5) reduces to 

f Pe. (11  88$) X 103 c.p.s.  (6) 

where )30 has been taken at 13 = 0.5. 
The three experimental curves of Fig. 3 illustrate the 

effect of varying the cathode degeneration. With zero 
resistance the frequency characteristic is very slightly 
concave downwards; with 1000 ohms the characteristic 
is extremely linear over a range of about two octaves. 
With larger values of cathode resistance the frequency 
characteristic is concave upwards. The dotted line is the 
straight-line frequency variation of (6). 

(5) 
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A Variable-Radio-Frequency-Follower System* 
R. F. WILDt, ASSOCIATE, I.R.E. 

Summary—This paper deals with a new follow-up or servo sys-
tem for amplification of mechanical forces and remote positioning. 
The system described makes use of variable radio frequencies rep-
resentative of the respective positions of system leader and follower. 
Two parallel-resonant circuits are provided, one of which is the fre-
quency-determining circuit of an oscillator, while the other is the 
balance-frequency-determining circuit of a balanced-frequency dis-
criminator. One of the circuits can be tuned by the leader, while the 
other is tuned by the follower; or, one of the circuits can be tuned by 
both leader and follower. System balance is reached when both cir-
cuits are tuned to the same frequency. Of the possible variety of 
system modifications, four significant types are described with their 
particular applications. The system provides for low-frequency keying 
of the radio-frequency signal before application to the frequency 
discriminator, in order to obtain a low-frequency-discriminator out-
put signal of one phase or opposite phase, depending upon the direc-
tion of system unbalance. For system balance no discriminator 
output signal is produced. The low-frequency signal is used to con-
trol a two-phase induction motor driving the follower. 

System design considerations and performance data are given. 
Wide-band frequency-discriminator tuning is discussed with respect 
to constant system sensitivity. Experimental and production models 
are described. 

IN THE PAST few years  muc h deve lopment  wor k 
has been done in the field of follow-up or servo 
systems for use either solely for amplification of 

mechanical forces or for remote positioning and meter-
ing. The multitude of different systems, their require-
ments and applications, and their limitations, is too 
great for even a brief discussion in this paper. It may be 
sufficient to say that all of these systems include a cir-
cuit arrangement which can be unbalanced by a leader 
movement to produce an unbalance or error signal, 
which is amplified and used to control a power device 
or motor to move a follower to restore the balance of 
the circuit arrangement. 
Depending upon the circuit arrangement, the unbal-

ance signal usually consists of a d.c. signal of variable 
amplitude and polarity or a low-frequency a.c. signal 
of variable amplitude and phase. Some systems are ap-
plicable to wire transmission only, while some are ap-
plicable to wireless transmission. 
The present system makes use of variable radio fre-

quencies representative of the respective positions of 
leader and follower. For remote transmission, particu-
larly, the use of a variable frequency has the advantage 
that the frequency of a transmitted signal of single 
frequency is not affected by changes in the character-
istics of the transmission path, and therefore eliminates 
the need for transmission of an additional reference 
signal. 

• Decimal classification: R570 X 621.375.104. Original manuscript 
received by the Institute, April 30, 1947. Presented, 1947 I.R.E. 
National Convention, March 5, 1947. 
t Formerly, Brown Instrument Company, Philadelphia, Pa.; 

now, E. I. DuPont de Nemours and Company, Inc., Wilmington, 
Del. 

Furthermore, a system of this type can easily be 
designed for a multiplicity of receivers, any of which can 
be switched on and off without affecting the operation 
of the operating receivers. 
Basically, the system comprises two separate tuned 

circuits which are tuned to the same frequency when 
the system is Palanced. There are two species of this 
system. In the first, the balance frequency remains con-
stant, and the detuning of one of the tuned circuits 
causes a follow-up action to restore its tuning to the 
original balance frequency. In the second species, a 
detuning of one of the tuned circuits is followed by a 
corresponding detuning of the second circuit. When both 
circuits are tuned to the same frequency the system is 
balanced. Obviously, in this species there exists a range 
of balance frequencies. 
Fig. 1 shows four types of the system, all including a 

radio-frequency oscillator 0, a keying stage K, a fre-
quency discriminator D, a voltage amplifier V.A., a 
phase-sensitive power amplifier P.A., and a two-phase 
induction motor M. Keying is effected in phase and 
synchronism with the power amplifier and motor-
energizing voltage. 

LEADER 

FOLLOWER 

COMBINATION 
LEADER-FOLLOWER 

 Ct  V.A.  PA. 

LEADER 

Lt 

0 

'3-Ct  V.A.  PA. 
-r -  

FOLLOWER 

Fig. 1—System types. 

(a) 

(b) 

(c) 

(d) 

Types (a), (b), and (c) operate at a fixed balance fre-
quency determined by the fixed discriminator tuning. 
Types (a) and (b) are for amplification of mechanical 
forces alone, while type (c) can be used for short-dis-
tance remote transmission. 
In type (d), both oscillator and discriminator are 

tuned, and the balance frequency varies over a rela-
tively wide range. This system is unlimited in distance 
and can be used for wire and wireless transmission. 
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In types (b), (c), and (d), the follower movement can 
be made to be practically any desired function of the 
leader movement, depending on the shape of the cam 
of type (b) and the shape of the capacitor plates of 
types (g) and (d). Inductive tuning can be used in place 
of capacitive tuning and has been used in types (b) 
and (d). 
It may be noted that in the first three types the feed-

back loop extends around the entire system between 
motor and oscillator. In type (d), the feedback loop 
extends around a portion of the system only, between 
motor and discriminator. 
Fig. 2 shows the discriminator characteristics typical 

of a conventional discriminator, such as used in fre-
quency-modulation receivers and for automatic fre-
quency control. 

OUTPUT SIGNALS 

-  

f 

OUTPUT VOLTAGE 

0') 

 • 

fo  f [KG] 

DISCRIMINATOR 
CHARACTERISTIC 

INPUT SIGNAL 

f > fo 

f <fo 

1: (NO SIGNAL) 

f • fo 

SYSTEM 
UNBALANCED 

z. SYSTEM 
BALAN CED 

Fig. 2—Discriminator characteristic and discriminator signals. 

Such a discriminator delivers no output signal in the 
absence of an input signal as well as for an input signal 
of the frequency to which the discriminator is tuned. 
This is the system balance frequency fo, at which no 
discriminator output signal is desired. For keyed radio-
frequency signals of frequencies above and below fo, a 
series of positive or negative pulses is obtained, con-
taining a keying-frequency signal component of one 
phase or the other depending upon the direction of 
system unbalance. 
Lines A and B indicate the discriminator output 

signal magnitudes at which the limiting action of the 
subsequent voltage amplifier takes place. Therefore, the 
shape of the discriminator characteristic above A and 
below B is of no consequence to the operation of the 
system. 
A free choice of operating frequencies is governed by 

the following factors: The percentage change of fre-
quency over the operating range should be as great as 
feasible in order to minimize the effects of frequency 

drifts. Such drifts can be caused by changes in tempera-
ture, relative humidity, and the like, and by supply-line 
variations. 
The tuning elements should be of small physical size, 

and for remote positioning systems their total variation 
should be large as compared with their manufacturing 
tolerances. 
The most-preferred compromise between these re-

quirements was found to be a range of operating fre-
quencies between 350 and 500 kc. 
Fig. 3 shows a schematic circuit diagram of a torque 

amplifier and a typical damping system for step excur-
sions. The torque amplifier proper is of the system type 
(a), and operates on a fixed balance frequency of 450 kc. 

Fig. 3—Schematic of torque amplifier with damping system. 

Leader and follower are parts of the same oscillator-
tuning capacitor, the leader consisting of a small vane 
between two follower plates. The frequency excursion 
from the balance position to total vane and plate engage-
ment and disengagement was about 50 kc. in an experi-
mental model. Maximum and minimum capacitances 
were 48 and 17 wifd., respectively. Full motor torque 
and maximum follower speed was obtained for a leader 
movement of 1 degree rotation, or 0.1 per cent of 
maximum rotation. This vane movement corresponds 
to a capacitance change of less than 0.1 µµfd., and pro-
duces a discriminator output signal of 2 volts peak to 
peak. The maximum permissible leader speed for the 
model, excluding the damping circuit, was 1 revolution 
in 7.4 seconds. 
For higher speeds a damping circuit is provided in-

cluding a buffer amplifier (B.A.) with a third resonant 
circuit tuned to the balance frequency. The magnitude 
of the signal across this circuit changes rapidly in the 
vicinity of system balance. This signal is rectified and 
differentiated to produce positive pulses on balance 
approach and negative pulses on departure from bal-
ance. The positive pulses are selected and used to actu-
ate a control tube to inject a reverse-phase voltage into 
the system. This voltage is derived from the motor 
and is proportional to motor speed. With this arrange-
ment, sudden braking of the motor is accomplished just 
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before balance is reached. Upon motor-speed reduction 
the feedback voltage diminishes and the gain of the 
control tube is reduced as the positive pulse decays until 
the negative-feedback damping circuit is inactivated 
when system balance is reached. 
Fig. 4 shows a schematic circuit of a remote trans-

mission system of the system type (d). The oscillator is 
tuned by the leader, while the discriminator secondary 

(b) 

Fig. 4—Schematic of remote positioning system: (a) transmitter, 
and (b) receiver. 

circuit is tuned by the follower. System balance is 
reached when both circuits are tuned to the same fre-
quency. Keying is accomplished by applying a power-
line-frequency voltage of, say, 60 cycles to the screen 
grid of the keyed amplifier. A trimmer capacitor in 
the discriminator secondary circuit is provided for zero 
adjustment, while a variable-inductance coil is pro-
vided for span adjustment. If leader and follower 
capacitors have straight-line-capacitance character-
istics, zero adjustment is possible without changing 
span, while a span adjustment requires zero readjust-
ment. 
Fig. 5 illustrates the problem of obtaining constant 

sensitivity; that is, a constant discriminator output 
signal per unit-leader movement over the entire span, 
for straight-line-capacitance leader and follower ca-
pacitors for linear transmission. For such capacitors 
the frequency variation per unit-capacitance change is 
not linear, but varies as the cube of the ratio of the 
particular operating frequency to the maximum operat-
ing frequency, as shown by curve 0. Also, the dis-
criminator sensitivity—that is, the output signal per 
kilocycle frequency deviation—changes over the range 
of operating frequencies because of the fixed tuning of its 

primary circuit, and causes, therefore, the amplitude 
variation of its primary voltage as illustrated by curve 7. 
Fortunately, these two effects can be opposed, and by 
proper tuning and loading of the discriminator primary 
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Fig. 5—Discriminator characteristics for wide-band operation 
and system-sensitivity characteristics. 

this curve can be so shaped that the system sensitivity 
S=f1X-y, and the discriminator output voltage per 
unit-leader movement can be made sufficiently constant 
over the operating range, as shown by curve S. In a 

Fig. 6—Model of torque amplifier (type (a)). 

particular case, the discriminator primary was tuned 
to 325 kc. and loaded with a resistance of 7500 ohms, 
for an operating range from 370 to 460 kc. 
Fig. 6 shows a model of a torque amplifier (of type (a) 
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of Fig. 1) with a leader vane and two associated semi-
circular plates driven by the motor pinion, visible to 
the left. This model uses the circuit substantially as 
shown in Fig. 3, and the design and performance data 
given in connection with that figure pertain to this 
model. 
Fig. 7 shows a model including a rate-of-flow meter 

with a force amplifier of system type (b), and an inte-
grating flow meter with a torque amplifier of system 
type (a). The circuits in both cases are substantially as 
shown in Fig. 3. 

Fig. 7—Model with force amplifier (type (b)) and torque 
amplifier (type (a)) 

The rate-of-flow meter comprises a differential-bel-
lows arrangement with the movable capacitor plate 
rigidly attached to the bellows diaphragm. This plate 
is also attached by means of a spring to a cam-operated 
lever, so that the movable plate is always returned to 
the same relative position with respect to the fixed 
capacitor plate by increasing or decreasing the spring 
tension. By this action, the bellows diaphragm is also 
always returned to the same position, thus reducing 
bellows travel to a minimum in order to eliminate 
hysteresis effects. The cam is provided for extracting 
the square-root relation between the rate-of-flow and 
the differential-bellows pressure. The pointer is coupled 
to the cam, so that the angular cam position is indi-
cated on the scale. 
The integrating flow meter comprises a constant-

speed turntable and a radially movable friction wheel 
contacting the turntable at a radius depending upon the 
rate-of-flow. Since such an arrangement should not be 
mechanically loaded, the friction wheel shaft is pro-
vided with a leader vane, which is followed by a motor-
driven follower plate, forming a capacitor in co-opera-

tion with the leader vane. The number of follower revo-
luations is counted to indicate flow. 
The electronic equipment for the rate-of-flow and flow 

meters is seen at the top of the case. 
Fig. 8 and 9 show the transmitter and receiver, 

respectively, of a remote plotting system, in which 
movements of the transmitter writing stylus are faith-
fully followed by the receiver recording pen. This sys-
tem is of type (d) of Fig. 1, and uses two circuits, sub-
stantially as shown in Fig. 4, for the two co-ordinates. 

Fig. 8—Remote-plotting-system transmitter. 

Fig. 8 shows the stylus arm with the writing stylus. 
The writing stylus is equipped with a pressure contact 
for actuation of the recorder pen at the receiver. This 
arm is mounted in gimbal joints and is coupled to the 
rotors of two capacitors by way of correction cams, 
provided to extract the tangent relations between the 
position of the stylus point and the angle of the stylus 
arm. The transmitter head includes the gimbal joints, 
correction cams, oscillator-tuning capacitors, and asso-
ciated oscillators. The oscillators are keyed alternately, 
so that only a single channel is required for transmitting 
both co-ordinate-system signals. 
Fig. 9 shows a receiver with the door open. This door, 

equipped with a window 18X18 inches, carries the 
transparent chart paper, on the back of which pen re-
cordings are made. This feature eliminates the obstruc-
tion of the record by the pen and its supporting and 
actuating mechanism. 
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To the right, the follower capacitors and their drive 
motors are visible. The pen carriage is supported by the 
cross bars, guided and driven by the drive motors by way 
of a rack-and-pinion arrangement and cable drive. The 
pen carriage also carries the pen-actuating relay, ener-
gized whenever the pressure contact at the transmitter 
stylus is closed. 
The two receiver-amplifier units are alternately 

keyed in phase and synchronism with the transmitter 
oscillator keying, so that only corresponding trans-
mitter oscillators and receiver amplifiers are operated at 
any time. 

Fig. 9—Remote-plotting-system receiver. 

This system is connected as a wired radio system 
and operates over a frequency range of 370 to 460 kc. 
with a pen speed of 12 inches per second. A typical 
warm-up drift, for which the system is not compensated, 
is about 0.2 per cent of full-scale travel. Pen movements 
due to temperature and supply-voltage changes are in-
consequential. The system accuracy, including all toler-
ances, was found to be about 0.3 per cent, on the aver-
age, while the repeatability was about 0.03 per cent or 
better. 
In a typical system one to six receivers are selectively 

or simultaneously connected to one transmitter. Failure 
of one receiver does not affect the operation of the 

other connected receivers. 
Apparatus of the remote positioning type has been 

used successfully for production checking of coil in-
ductances with the aid of high- and low-limit coils. 
Small tolerances can be spread over a large-scale por-
tion for ease of reading and accurate checking. Another 
possible application of this system is the constant-
frequency regulation of oscillators, such as the oscil-
lator of a frequency-modulation transmitter. 
The broad idea of using the frequency of a signal 

for remote transmission of the variation of a condition 
is not new, and various other systems based on this idea 
have been proposed. In concluding this paper, a brief 
comparison of the present system with others is pre-
sented. 
Systems have been suggested in which an unkeyed 

radio-frequency signal is applied to a discriminator, to 
which a low-frequency keying voltage is also applied. 
In order to maintain a usable wave shape of the dis-
criminator output signal for efficient motor drive, the 
applied keying voltage must be considerably greater 
than the applied radio-frequency signal. This makes for 
low discriminator sensitivity and makes the system 
highly susceptible to slight discriminator unbalances. 
This is a disadvantage which is not present in the new 
system. 
In another system a steady low-frequency com-

ponent due to the discriminator keying voltage is pres-
ent even for system balance, and considerably reduces 
the efficiency of the amplifier between discriminator and 
motor. 
Certain proposed audio-frequency systems use fre-

quency indicators as output devices. Since these ar-
rangements have very low-torque output, they are not, 
per se, suited for remote power positioning. 
Some proposed systems use a radio-frequency or 

superaudible signal, the frequency of which is varied 
over a narrow range and then heterodyned to produce a 
variable audio frequency. In such systems any error 
due to undesired frequency drift is extremely serious, 
because the system error is determined by the ratio of 
frequency error to the operating-frequency range, which, 
in other words, is simply the noise-to-signal ratio. 
Consequently, the narrower the range, the greater the 
system error caused by deviations from the desired fre-
quency. 
To safeguard against such errors and to ensure a high 

degree of stability, a relatively wide frequency range 
was chosen in the new system. 
For narrow-band transmission of the signals of the 

new system, by wire or wireless, it is feasible to narrow 
the frequency band by frequency division before direct 
transmission or modulation on a carrier, and to expand 
the frequency band after reception by frequency multi-
plication. In this way, the high quality of performance 
can be retained in spite of narrow-band transmission. 
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New Techniques in Glass-to-Metal Sealing* 
JOSEPH A. PASKT 

Summary—The new techniques in glass-to-metal sealing de-
scribed in the paper include accurate and controlled oxidation of the 
metal, and the powder-glassing method of making seals. The ac-
companying experimental data refer to Kovar, since most of the 
laboratory work has been on glass-to-Kovar seals. 
Data are presented for Kovar oxidized at a number of controlled 

temperatures and varying times. Excellent adherence of glass to 
Kovar is obtained with a weight gain of about 0.0003 to 0.0007 grams 
per square centimeter regardless of temperature of oxidation. With 
preoxidation, any tendency for peeling or flaking shows up readily 
on cooling to room temperature This condition is undesirable, since 
it indicates subsequent poor glass-to-metal adherence 
The powder-glassing method of making seals consists of grinding 

the glass, suspending the powdered glass in a suitable liquid, apply-
ing it to the prepared metal, and fusing to form a thin glass layer. The 
glass tube or bulb is subsequently joined to this layer as a glass-to-
glass seal. Several examples of applications are given, one of them 
pertaining to multisection blanks employing butt seals. 
Hypotheses on the function of fit baking of Kovar, the adherence 

of glass to Boyar, and the nature of the oxidation process of Kovar 
are presented. 

INTRODUCTION 

I
N MAKING glass-to-metal seals the usual tech-
nique consists of cleaning the metal, oxidizing it the 
proper amount in order to develop a strong, vac-

uum-tight seal, and sealing the glass to the metal while 
it is still hot. Consequently, in seals made on the glass 
lathe, success is entirely dependent upon the skill and 
judgment of the operator. This is especially true on large 
and intricate seals. He must decide whether he is oxi-
dizing sufficiently and, also, whether a firmly adhering 
oxide layer has been obtained. 
The development of the powder-glassing method at 

the Research Department of the Westinghouse Lamp 
division enables the making of seals on a controlled 
basis. The new techniques in glass-to-metal sealing to be 
described include accurate and controlled oxidation of 
the metal, and the application of the glass in a pow-
dered state that is fused to form a thin glass layer to 
which the glass tube or bulb is subsequently joined as a 
glass-to-glass seal. 

OXIDATION OF METAL 

Since most of the laboratory work has been on glass-
to-Kovar seals, references to specific data will be on 
Kovar, an iron-nickel-cobalt alloy developed at West-
inghouse. 

* Decimal classification: R720. Original manuscript received by 
the Institute, January 16, 1947; revised manuscript received, August 
21, 1947. Presented, 1947 I.R.E. National Convention, March 4, 
1947, New York, N. Y. 
f Westinghouse Electric Corporation, Bloomfield, N. J. 

Prior to oxidation the Kovar is baked in a wet hydro-
gen atmosphere at 1100°C. for 15 to 30 minutes, in order 
to eliminate possible bubbling at the glass-metal inter-
face during sealing. 
Experiments on oxidation were carried out in an elec-

trically heated oven at controlled temperatures and 
varying times. Curves for weight gain per unit area ver-
sus time were thus obtained for a number of constant 
temperatures, as shown in Fig. 1. A range of values is 
indicated, since such variations occurred with changes 
in H2 baking, cleanliness of pieces, standing prior to oxi-
dation, etc. 
The excellent adherence of the glass to Kovar is ob-

tained with a weight gain of about 0.0003 to 0.0007 
grams per square centimeter regardless of temperature 
of oxidation, i.e., approximately 17 minutes at 800°C., 
3 minutes at 900°C., 1 minute at 1000°C., or minute at 
1100°C. 

0 
5  10  15  20 
TIME, MINUTES 

 S 600'C. 

Fig. 1—Oxidation of Kovar. Time-rate curves are shown. Area inside 
V-shaped dotted curve indicates conditions under which greatest 
tendency for oxide flaking exists. 

If the piece is underoxidized, the strength of the seal 
is poor but it is still vacuum tight. If it is overoxidized, 
the strength is good but the seal may be a leaker be-
cause the glass is unable to penetrate the oxide layer 
completely, thus leaving a continuous porous path 
through which gases can seep into the tube. 
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With the preoxidation of Kovar any tendency for 
peeling or flaking shows up on cooling to room tempera-
ture. Statistical recording has shown that this tendency 
exists more strongly under certain conditions of tem-
perature and time, as indicated in Fig. 1 by the area in-
side the V-shaped dotted line. Flaking is emphasized by 
improper or lack of H2 baking, dirty Kovar, and other 

factors. 
Pieces with flaking or peeling oxide layers should be 

eliminated immediately, since poor oxide adherence also 
results in poor glass adherence. Such a tendency may be 
missed with the usual glassing technique, wherein the 
glass is sealed to the oxidized metal while the latter is 
still hot. 

POWDER-GLASSING METHOD OF MAKING SEALS 

Grinding of glass, in any form, to pass through a 200-
mesh sieve constitutes the first step in the preparation 
of the glass for use in the powder-glassing method of 
making seals. A porcelain-ball mill is used to avoid con-
tamination by iron. The composition of the ground glass 
is the same as normally used for sealing to a given metal; 
for instance, Corning 7052 or 704 for Kovar. 
The powdered glass is suspended in a suitable liquid 

such as water or alcohol. With alcohol, which has been 
used most extensively at Westinghouse, a few drops of 
LiNO3 solution or NH4OH keep the glass particles from 
settling out into a hard mass, thus enabling the suspen-
sion to be easily dispersed after standing. The best ratio 
of liquid to solid is determined by careful experimen-
tation. 
The powdered-glass suspension is then applied to the 

oxidized Kovar surface by spraying. The pressure of the 
spray is controlled by the viscosity of the suspension and 
the shape of the piece. Pressures ranging from 10 to 40 
pounds have been employed. 
If the powdered glass is to be applied by, dipping or 

slushing, the suspension is adjusted to the proper vis-
cosity and mobility to obtain the necessary thickness 
of coating. In either case, the glass is restricted to the 
desired areas by proper masking prior to application, or 
by brushing afterwards. 
The dried powdered-glass coating is then fused in an 

electrically heated oven. 7052 and 704 glasses produce a 
smooth coating by firing at 1000°C. for 6 minutes. The 
powdered glass can also be fused by fires or by induc-
tion heating of the metal. Kovar-glass seals are fired in 
air, since the rate of oxidation of the Kovar is slow in 
relation to the rate of fusion of the glass. For seals with 
copper, however, if oxidation during fusion is undesir-
able, the firing would have to be carried out in a neutral 
atmosphere, since the rate of oxidation of the metal is 
faster than the rate of fusion of the glass. The fired 
pieces are removed from the heat and allowed to cool 
in air without any annealing. These powder-glassed 

parts are now ready for tube assembly and can be stored 
indefinitely. 
The thickness of the fused-glass coating is not critical 

but has ranged mostly from 4 to 6 mils. The thinner 
coatings are generally preferred, since there is less 
tendency for pulling away from edges. Considerable 
amounts of bubbles, seen with low-power magnifica-
tion, are present. However, these can be ignored, since 
no detrimental effects have been noticed because of their 
presence. 
Afterwards, the sealing of the tube or bulb to the 

powder-glassed parts becomes simply a glass-to-glass 
seal. Nothing is gained in temperature, since just as 
much heat and "working" are necessary to make the 
glass-to-glass seal. The advantage lies in the fact that 
the seals are now protected and extended heating will . 
not affect them, allowing the operator to work on the 
seals without any time limitations, which is very im-
portant in some cases. 

HYPOTHESES 

Hydrogen Baking 

Wet-hydrogen baking, for instance, in the time al-
lotted should remove any carbon in the surface of the 
Kovar at either 900 or 1100°C., but the temperature 
also controls the grain size of the Kovar, as shown in 
Fig. 2. Variations in time also alter the grain size, but 
not as effectively. The whole temperature range is used 
in baking but the large-grain-size structure is desirable, 

Fig. 2—Effect of wet-hydrogen baking at several temperatures on 
grain size of Kovar. Magnification, 85 X. 

since the oxide, and the glass in turn, then have been 
found on an average to adhere more firmly to the metal 
surface. 
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Adherence 

The adherence of glass to metal can be attributed to 
both ionic bonds and physical roughness of the metal. 
The ionic bond is the oxygen bond resulting in an 
affinity between the metal and glass, manifested as 
wetting of the former by the latter. Firing in air with-
out any noticeable preoxidation is sufficient to cause this 
wetting action. Some adherence because of this wetting 
alone is evidenced by glassing untreated polished 
Kovar, but this adherence is weak. 
The desirable function of oxidation is to roughen the 

metal surface by action on the grains, as well as along 
grain boundaries. The degree of roughness is related to 
the severity of oxidation, and hence the need for a 
minimum thickness of oxide to develop the adherence 
_strength of the glass. The maximum thickness of this 
type of oxide is restricted by the ability of the molten 
glass to penetrate, but not necessarily dissolve com-
pletely, the oxide layer at sealing temperature, primarily 
because of vacuum-tightness considerations. Final ad-
herence strength is thus realized because of the mechan-
ical clinging of the glass or oxide to the roughened 
metal surface. A good finished seal, however, does not 
lave nor does it need a continuous oxide layer at the 
interface. 
The preference for large grain texture is due to the 

resulting decrease of grain boundaries. Oxide ridges are 
formed at boundaries because the volume of oxide is 
greater than the volume of a corresponding amount of 
metal, and more metal surface is available there for 
oxidation. These ridges are not as completely pene-
trated by the glass as the oxide on the grain surface, 
with a subsequent loss of some strength, since the glass 
develops its chief mechanical adherence by direct con-
tact with the roughened metal surface. 

Oxidations 

Photomicrographs of cross sections of two Kovar-to-
glass seals are shown in Fig. 3, in which the Kovar had 
been preoxidized at 1000°C. for 1 minute to produce 
the normal amount of oxidation, and also for 10 
minutes. 
An observation of considerable interest is the presence 

of a new metallic layer in the surface of the Kovar, with 
an average thickness of about 10 microns in the normal 
seal. X-ray studies of the layer indicate the same struc-
ture as that for the alloy Kovar but with a condensed 
crystal lattice because of less iron. In turn, X-ray 
examinations and chemical analyses of the oxide layer 
indicate that it is primarily Fe304. Therefore, in the 
oxidation of Kovar, iron diffuses preferentially, forming 
an oxide layer composed primarily of iron oxide and a 
new alloy layer at the surface consisting mostly of nickel 
and cobalt. 

Fig. 3—Photomicrographs of cross sections of Kovar-to-glass seals 
showing presence of new alloy layer at Kovar surface. Magnifi-
cation, 350X. 

APPLICATIONS 

The use of the powder-glassing techniques can be 
referred to several specific examples. Part of the liquid 
air trap in the mass spectrometer consists of a special 
Kovar cylinder brazed to a heavy copper tube. Glass-to-
metal seals are required on each end of the part. Prior 
to the use of the new methods, usual sealing techniques 
resulted in a shrinkage of about 40 per cent. The 
powdered-glass method allowed the making of success-
ful seals with no shrinkage. Fig. 4 shows the powder-
glassed portions of the cylinder to which subsequent 
seals were made. 

Fig. 4—Part of the liquid air trap in the mass spectrometer, showing 
the fused thin glass coating applied to the Kovar part. Magnifi-
cation about 1/3X. 

Similar experiences prevailed in the making of multi-
section blanks employing butt seals. Such butt seals 
were normally found impossible to make on a glass lathe, 
since the opposite side of a Kovar ring was oxidizing 
while the glass blower was making a seal. By first 
powder-glassing the rings on both sides this difficulty 
was eliminated, since the glass coating protected the 
seal interface during subsequent heat applications. 
Consequently, good multisection butt seals with con-
trolled oxidation resulted, and such blanks became pos-
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sible as shown in Fig. 5. The steps in the glassing of the 
Kovar rings are also indicated. 

Fig. 5—Multisection blank employing butt seals. The following steps 
in the powder-glassing of the Kovar rings are shown: cleaning, 
oxidizing, spraying of powdered-glass suspension, and fusing of 
coating to form thin layer (on both sides). Magnification, 1/3 X. 

CONCLUSION 

Although the techniques which have been described 
have been specifically referred to the use of Kovar, 
they can also be applied to other sealing metals. The 
processing steps are simple, but the introduction and 
development of new types of equipment are necessary 
for plant production. 

The broad advantages of the techniques described 
are the resultant possibilities of making glass-to-metal 
seals on a controlled basis, developing mass-production 
methods, improving glass-blowers' efficiency, producing 
intricate seals that previously have been too difficult or 
too costly, and indefinite storing of powder-glassed 
parts without any special precautions. Lastly, the 
method of powder-glassing is a valuable research tool, 
since assembly of intricate designs now becomes 
possible. 
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ACOUSTICS AND AUDIO FREQUENCIES 

534.143 : 518.4  1 
Magnetostriction Resonant Frequencies — 

R. C. Coile. (Electronics, vol. 20, p. 130; 
September, 1947.) An abac giving the natural 
vibrating frequencies of an oscillator when the 
rod length and material are known. 

534.213+534.844  2 
Mean Free Path of Sound in an Auditori-

um —A. E. Bate and M. E. Pillow. (Proc. 
Phys. Soc. (London), vol. 59, pp. 535-541; 
July 1, 1947.) A brief review of the subject, 
with proofs that the mean free path of sound 
in an enclosure is equal to 4 (Volume versus 
Surface Area) for rectangular, spherical, and 
cylindrical rooms of any dimensions. 

534.321.9  3 
Absorption of Supersonic Waves in Liquids 

—S. B. Gurevich. (Compt. Rend. Acad. Sci. 
(U.R.S.S.), vol. 40, no. 1, pp. 17-20; 1947. 
In Russian.) Formulas derived by Stokes (1) 
and Mandelstam and Leontovich (2) are dis-
cussed and a more general formula (7) is pro-
posed. 

534.321.9: 546.212  4 
A Pulse Method for the Measurement of 

Ultrasonic Absorption in Liquids: Results for 
Water —J. M. M. Pinkerton. (Nature (Lon-
don), vol. 160, pp. 128-129; July 26, 1947.) 
Measurements were made at frequencies be-
tween 7.37 and 66.1 Mc. using a quartz crystal 
as a transceiver. The pulse recurrence fre-
quency was 250 c.p.s. and the pulse length 
variable from 2 to 40 microseconds. The values 
obtained for the amplitude absorption coef-
ficient a are higher than those given by the 
theory of Stokes. 

534.442.1:621.317.757  5 
Electronic Indicator for Low Audio Fre-

quencies —A.  E.  Hastings.  (Paoc.  1.R.E., 
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vol. 35, pp. 821-827; August, 1947.) For ana-
lysing a periodic complex wave form. The 
components within the frequency band 1 c.p.s. 
to 1 kc. are displayed on four parallel linear 
scales traced on a c.r.t. Only a rough measure-
ment of amplitudes of the frequency com-
ponents was desired, but the frequency scales 
can be set up, without frequency calibration 
and within an accuracy of 3 per cent from de-
sign equations developed in this paper. The per-
formance and limitations of the instrument are 
described. 

534.62  6 
A New Sound-Absorbing Device of High 

Efficiency and the Construction of a Sound-
Damped Room —E. Meyer, G. Buchmann, and 
A. Schoch. (Akus. Zeit., vol. 5, pp. 352-364; 
December, 1940.) Measurements of the ab-
sorption by cones of various shapes led to the 
use of cones of 1 meter overall length for the 
lining of a sound-absorbing chamber. The 
cones were constructed by hand from slagwool, 
with a bitumen binder, and had a parallel sec-
tion 15 centimeters long, the mouth being 15 
by 15 centimeters. About 32,000 of these cones 
were used, fixed to the walls and roof by hooks 
and pins, and with points inwards, giving a 
clear space of 14 meters by 9 meters by 7 
meters. Results of tests carried out in the com-
pleted room are shown graphically and dis-
cussed. 

534.756  7 
Investigations on the Theory of Hearing — 

H. Jung. (Akus. Zeit., vol. 5, pp. 268-283; 
September, 1940.) Mathematical treatment of 
the propagation of sound in an elastic tube 
filled with a viscous incompressible fluid is used 
to draw conclusions as to the hydrodynamic 
processes which take place in the ear. The re-
sults are in agreement with the phenomena 
occurring in an electrical network analogous to 
the elastic tube and are compatible with the 
resonance theory of hearing. 

534.756.1  8 
Transient Reception and the Degree of 

Resonance of the Human Ear —R. J. Pum-
plirey and T. Gold. ( Nature (London), vol. 160, 
pp. 124-125; July 26, 1947.) Experiments have 
been conducted which support the Helmholtz 
theory of pitch discrimination based on high-Q 
resonators of the cochlea. Q values of 200 to 
350 at 10 kc falling to about 50 at 1 kc were 
obtained. 

534.851:621.395.66  9 
Experimental  Volume  Expander  and 

Scratch Suppressor —McProud. (See 46.) 

534.86: 534.322.1  10 
Frequency Range Preference for Speech 

and Music -11. F. Olson. (Electronics, vol. 20, 
pp. 80-81; August, 1947.) Tests with live per-
formers heard through a removable acoustic 

low-pass filter cutting off at 5 kc., showed that 
69 per cent of the listeners preferred the full 
acoustic range, in contrast to accepted results 
on reproduced programs. Reasons are sug-
gested. See also 3007 of 1947 (Webster and 
McPeak) and 3765 of January. 

534.86:534.322.1  11 
Psycho-Acoustical  Aspects  of  Listener 

Preference Tests —C. J. LeBel. (Audio Eng., 
vol. 31, pp. 9-12, 48; August 1, 1947.) A de-
tailed and critical analysis of various attempts 
to discover whether listeners prefer reproduc-
tion systems to have a full or a restricted a.f. 
range. The economic aspects of possible im-
provements in the quality of reproduction are 
also considered. See also 3765 of January 
(Olson) and 10 above. 

534.861.1/.2  12 
Microphone Placement for Studio Liveness 

—(Tele-Tech, vol. 6, pp. 44-45, 103; July, 
1947.) 

621.395.623.7  13 
Loudspeaker  Damping —F.  Langford-

Smith, G. N. Patchett, P. J. Walker, C. J. 
Mitchell, and E. J. James. (Wireless World, 
vol. 53, pp. 309 and 343-344; August and Sep-
tember, 1947.) The electromagnetic damping of 
a loudspeaker is limited by the equivalent 
series impedance of the loudspeaker itself, but 
at resonant points, the efficiency considerably 
exceeds its mean value, and the equivalent im-
pedance is thus reduced. 

621.395.623.8  14 
The  Distribution of Acoustic  Power — 

L. Chretien, (T.S.F. Pour Tous, vol. 23, pp. 
158-160 and 180-182; July, August, and Sep-
tember, 1947.) Practical circuits for feeding a 
number of similar or different loudspeakers. 
See also 2317 and 3770 of January. 

621.395.623.8  15 
U.N. Broadcast and Public-Address Sys-

tems —A. W. Schneider. (Audio Eng.; vol. 31, 
pp. 26-29, 44; August 1, 1947.) A description, 
with illustrations and block diagrams, of the 
public-address and broadcasting facilities in 
the United Nations conference room and Gen-
eral Assembly auditorium, New York. 

621.395.625.2  16 
On the Linear and Nonlinear Distortions of 

Sound Disk Apparatus —G. Guttwein. (Akus. 
Zeit., vol. 5, pp. 330-349; December, 1940.) 
A comprehensive experimental investigation of 
the dependence of distortion on recording proc-
esses, disk material, and reproducing methods. 

621.395.625.2  17 
The Design of a High-Fidelity Disc Re-

cording Equipment —H. Davies. (Jour. I.E.E. 
(London), part III, vol. 94, pp. 296-300; 
Discussion, pp. 275-295; July, 1947.) Section 
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1: Comparison of disk recording with alterna-
tive systems, and discussion of standardization 
of disk and groove dimensions, cutting, and 
turntable speeds, the magnitudes of stylus 
amplitudes, velocities, and accelerations, the 
use of radius compensation, and the choice of 
the optimum recording characteristic. Section 
2: Discussion of turntable drive, design and 
mounting of the cutter head, methods of mak-
ng cue marks and of removing swarf while re-
cording, and of obtaining radius compensation. 
Section 3: Description of a high-fidelity disk-
recording equipment developed for the B.B.C., 
and of its performance. 

621.395.625.2:621.395.667  18 
Bass Compensation —J. Ellis. (Wireless 

World, vol. 53, pp. 319-320; September, 1947.) 
For bass compensation with disk records, the 
amplification must be inversely proportional to 
frequency below about 250 c.p.s. This is 
achieved by making the negative feedback 
proportional to the frequency. 

621.395.625.3  19 
Frequency Response of Magnetic Record-

ing —O. Kornei. (Electronics, vol. 20, pp. 124-
128; August, 1947.) The effects on frequency 
response of the thickness of the magnetic re-
cording medium, the depth of penetration of 
magnetization into the medium, and the size 
of the recording head and gap are discussed. 

621.395.625.3  20 
Design of Magnetic Tape  Recorders — 

R. H. Ranger. (Tele-Tech, vol. 6, pp. 56-57, 
100; August, 1947.) Discussion of German 
war-time development of magnetic tape record-
ing, and American post-war improvements. 

621.396.645.029.3:621.396.665  21 
Automatic Gain Control and Limiting Am-

plifier —Jurek and Guenther. (See 69.) 

AERIALS AND TRANSMISSION LINES 

621.392.029.64  22 
TM0,1 Mode in Circular Wave Guides with 

Two Coaxial Dielectrics—S. Frankel. (Jour. 
Appl. Phys., vol. 18, pp. 650-655; July, 1947.) 
"Field components for a transverse magnetic 
wave in a wave guide with two coaxial dielec-
trics are computed. A typical example is given 
to show the calculation of guide dimensions to 
reduce phase velocity to a preassigned value." 

621.392.029.64  23 
Properties of Ridge Wave Guide —S. B. 

Cohn. (Puoc. I.R.E., vol. 35, pp. 783-788; 
August, 1947.) Equations and curves, checked 
experimentally, giving cutoff frequency and 
impedance are presented for rectangular wave-
guides having a rectangular ridge projecting 
inward from one or both wide sides. The guide 
has a lower cutoff frequency and impedance and 
greater higher-mode separation than a plain 
rectangular waveguide of the same width and 
height. A number of applications are suggested. 

621.396.67  24 
The Influence of the Width of the Gap upon 

the Theory of Antennas—L. Infeld. (Quart. 
Appl. Math., vol. 5, pp. 113-132; July, 1947.) 
A mathematical paper concerned with the effect 
of the gap across which the voltage is applied. 
As in the work of Stratton and Chu (1888 of 
1941) the Dirac function is used to derive the 
driving point admittance of a spherical aerial; 
a concluding section deals with the spheroidal 
aerial. The finite width of the gap is taken into 
account in both cases. The alternative approach 
used by the earlier workers, in which the gap 
width is initially allowed to tend to zero — 
thus resulting in an infinite driving point ad-
mittance —is critically examined. 

621.396.67  25 
Effect of Feed on Pattern of Wire Antennas 

— D. C. Cleckner. (Electronics, vol. 20, pp. 103-
105; August, 1947.) Measured polar diagrams 
for straight wires of lengths between one-half X 
and 3X are given, showing how the feed point 
affects the number, orientation, and magnitude 
of the lobes. 

621.396.67  26 
A Tentative Investigation of a Complex 

System of Tower Radiators for Radio Broad-
casting—B. V. Braude, I. M. Rushchuk, and 
M. M. Pruzhanski. (Radiotekhnika (Moscow), 
vol. 2, pp. 22-33; July and August, 1947. In 
Russian.) In designing a radiating system 
having four self-supporting towers at the cor-
ners of a square, and intended for both direc-
tional and nondirectional broadcasting, experi-
ments were conducted with a model using brass 
lattice towers 250 centimeters high, erected on 
a ground system of galvanized iron sheets. The 
radiators were fed through single conductor 
feeders from two u.s.w. oscillators covering a 
wavelength range from 3 to 9 meters. Measure-
ments were made of the input impedance of the 
radiators, of the phase velocity of e.m. waves 
along them, and of the directivity coefficient 
of the system for various operating condi-
tions. Experimental curves so obtained are 
shown and the conclusions reached regarding 
the operation of the proposed system are 
enumerated. 

621.396.67:517.512.2  27 
Fourier Transforms in Aerial Theory: Part 

3—Operations with Fourier Transforms— 
Ramsay. (See 155.) 

621.396.67:621.396.621  28 
Is a Big Aerial Worth While? —M. G. Scrog-

gie. (Wireless World, vol. 53, pp. 314-318; 
September, 1947.) Discussion showing the 
many advantages of a good outdoor aerial. 

621.396.67: 621.397.5  29 
Television Aerials —F. R. W. Strafford and 

J. N. Pateman. (Wireless World, vol. 53, p. 
344; September, 1947.) Comment on 3799 of 
January (Beak and Beebe). 

621.396.67:621.397.5  30 
Performance Characteristics of the WABD 

TV Antenna System—G. E. Hamilton. (Com-
munications, vol. 27, pp. 16-18, 43; July, 1947.) 
The advantages of the 3-bay superturnstile 
batwing aerial system used are discussed. The 
performance specifications are  listed  and 
compared with actual results. An earlier article 
on the installation and testing of this system 
was noted in 3432 of 1947 (Deneke). 

621.396.67.029.64  31 
Radiators for Centimeter Waves —(Tele-

Tech, vol. 6, pp. 55-56; July, 1947.) Summary 
of 1622 of 1947 (Gutton). U.D.C. of 1622 
should read as above. 

621.396.67.029.64:621.317.79  32 
Microwave Antenna Beam Evaluator — 

H. LeCaine and M. Katchky. (Electronics, 
vol. 20, pp. 116-120; August, 1947.) Apparatus 
for automatic tracing of polar diagrams of 
microwave aerials to an accuracy within 1 per 
cent. Square law detectors are used at the 
transmitter, whose aerial is rotated, and at the 
fixed receiver. A self-balancing system using 
motor-driven ganged potentiometers gives the 
traced diagram a linear scale and eliminates 
errors due to varying transmitting power and 
external interference. 

621.396.674  33 
Calculation of the Current for Frame Re-

ceiving Aerials —J. Milner-Strobel and J. Pat-
ry. )Schweiz. Arch. Angew. Wiss. Tech., vol. 13, 
pp. 193-202; July, 1947.) An approximate solu-
tion for circular frame aerials of N turns is 
based on the theory of }lanai, assuming that 
the wire radius is small compared with the coil 

radius and that the coil radius is small com-
pared with the wavelength of the incoming 
radio waves. 

621.396.674  34 
Note on Circular Loop Antennas with Non-

Uniform Current Distribution—G. Glinski. 
(Jour. Appl. Phys., vol. 18, pp. 638-644; 
July, 1947.) The radiation patterns, power gain, 
and radiation resistance are calculated for a 
closed loop of perimeter SIX with a hyperbolic-
cosine current distribution. The effective at-
tenuation constant of the equivalent transmis-
sion line is deduced from the radiated power. 
The theory agrees closely with experiment. 

621.396.69  35 
Antenna Tower Design —R. G. Peters. 

(Communications, vol. 27, pp. 28-29; July, 
1947.) 

CIRCUITS AND CIRCUIT ELEMENTS 

518.5  36 
Electronic  Computing  Circuits  of  the 

ENIAC —Burks. (See 158.) 

518.5:612.318  37 
Use of Magnetic Amplifiers in Computing 

Circuits—Beyer. (See 159.) 

621.314.23:621.396.69  38 
Practical Transformer Design and Con-

struction: Parts 2 and 3—C. Roeschke. (Radio 
News, pp. 58-59, 137 and 60, 124; July and 
August, 1947.) The design of filter chokes, 
anode modulation transformers, and audio 
output transformers. Part 1: 3038 of 1947. 

621.316.722.1:621.385.38  39 
Shunt Tube Control for Thyratron Recti-

fiers —J. A. Potter. (Bell Lab. Rec., vol. 25, 
pp. 273-276; July, 1947.) The inherent delay 
of thyratron rectifiers in eliminating brief, 
steep-fronted voltage variations by changes of 
grid bias is overcome by connecting the anode 
circuit of a tube across the load. The grid bias 
of this tube is controlled by a regulating circuit 
so that small current changes pass through the 
tube without flowing through the thyratron, 
which reacts only to the average load. 

621.316.8:621.317.33  40 
Method for Determining the Time-Con-

stant of Resistors at Low Frequency —Ney. 
(See 166.) 

621.318.323.2: 538.213  41 
Auxiliary  Magnetization —Elec.  Times, 

vol. 112, pp. 211-212; August 21, 1947.) Sum-
mary of article in the June and July 1947 issue 
of Brown Boveri Rev. Methods are given for cal-
culating the effective permeability of current 
transformer cores using a.c. auxiliary mag-
netization. 

621.319.4  42 
Significance of Watt-Second Ratings of 

D.C. Capacitors —J. D. Stacy. (Communica-
tions, vol. 27, pp. 24-25; 41; August, 1947.) 
When the life and the high-temperature per-
formance of capacitors are to be considered, 
watt-second rating gives a better criterion than 
voltage and capacitance rating. 

621.392:003.62  43 
Shorthand Circuit Symbols —B. G. (QST, 

vol. 31, pp. 46-47; August, 1947.) Comment on 
2030 of 1947 (Keen). 

621.392:518.5  44 
Machine Computing of Networks—Dun-

stan. (See 160.) 

621.392.1  45 
Transformers —Obvious and Otherwise — 

"Cathode Ray." (Wireless World, vol. 53, pp. 
388-390; October, 1947.) An elementary ex-
planation of the way in which various tuned 
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and untuned coupling networks do, in fact, act 
as transformers, as was stated in the article 
abstracted in 2919 of 1947 (Moxon). 

621.395.66: 534.851  46 
Experimental  Volume  Expander  and 

Scratch Suppressor —C. G. McProud. (Audio 
Eng., vol. 31, pp. 13-15; 41; August 1, 1947.) 
A number ot familiar circuits are combined into 
one unit. Block and circuit diagrams are given 
and component values stated. The unit is pre-
ceded by a 2-stage preamplifier. 

621.396.611.3  47 
Variation of an RC Parallel-T Null Network 

—H. S. McGaughan. (Tele-Tech, vol. 6, pp. 
48-51, 95; August, 1947.) "When used in the 
negative feedback loop of an amplifier, this 
network produces either a frequency-selective 
amplifier or an oscillator, depending on the 
choice of circuit parameters. An unasymmetri-
cal null network is shown which provides great-
er selectivity than is possible with the conven-
tional network under the same conditions of 
amplification." See also 1464 of 1946 (Hast-
ings). 

621.396.611.4:518.4  48 
Charts for Resonant Frequencies of Cavi-

ties—R. N. Bracewell. (Paoc. I.R.E., vol. 35, 
pp. 830-841; August, 1947.) Six abacs are 
given which may be used for designing cylindri-
cal resonant cavities whose cross sections are 
circles, concentric circles, squares, or rectan-
gles. The equations involved, the method of 
use, and the special advantages of each abac 
are described, together with the method of 
construction. The effects of small deformations 
or of wavelength changes are considered. 

621.396.615  49 
RC  Oscillator  Control —B.  J.  Solley. 

(Wireless World, vol. 53, pp. 321-322; Septem-
ber, 1947.) A network is described, by which the 
frequency of a RC oscillator may be adjusted 
over a wide range, using a single potentiometer 
control. A frequency range of 4 to 1 may be ob-
tained with only 1 db variation in amplitude, 
and a range of 25 to 1 if greater amplitude vari-
ation is permissible. 

621.396.615.029.3  50 
A Wide Range Audio Oscillator—F. W. 

Dawe. (Electronic Eng. (London), vol. 19, pp. 
246-248; August, 1947.) An RC amplifier back-
coupled through a frequency discriminating 
network of the Wien bridge type. Frequency 
range is 20 to 20,000 c.p.s., covered in three 
bands. 

621.396.615.029.5/.63  51 
Wide-Range  Sweeping  Oscillator—En-

gineering Staff, Kay Electric Co. (Electronics, 
vol. 20, pp. 112-115; August, 1947.) A 50-kc. 
to 500-Mc. beat-frequency oscillator with 
sawtooth frequency modulation variable up 
to 40 Mc. Two 3-centimeter klystron oscillators 
are used, one being varied in frequency by a 
panel control of cavity resonator shape and 
modulated in frequency by variation of the 
repeller electrode potential. The two klystron 
frequencies are measured by a precision ab-
sorption wavemeter, the difference giving the 
beat frequency. 

621.396.615.14  52 
U.S. W.  Oscillators —E.  P.  Korchagina 

(Radiotekhnika (Moscow), vol. 2, pp. 34-43; 
July and August, 1947. In Russian.) The effects 
of interelectrode capacitances and of the induc-
tance of the leads on the operation of the os-
cillators are investigated theoretically. Suit-
able oscillating circuits are discussed and de-
sign methods indicated. 

621.396.615.14  53 
High Power U.S. W. Valve Oscillators — 

A. M. Kugusliev and D. I. Karpovski. (Radio-

tekhnika (Moscow), vol. 2, pp. 48-54; July and 
August, 1947. In Russian.) The use of trans-
mission lines with distributed constants as tun-
ing elements for high-power demountable tubes 
is considered and experiments are described 
with such tubes operating on wavelengths from 
2 to 3.5 meters and with outputs from 8 to 
60 kw. 

621.396.615.142.2: 621.392.029.64: 
621.396.619.11  54 
Ultra High Frequency  Modulation on 

Wave-Guides —H. Gutton and J. A. Ortusi. 
(Jour. Brit. I. R. E., vol. 7, pp. 205-210; 
October, 1947. Discussion, pp. 210-211.) A 
description of a method of modulating a master 
klystron oscillator combined with a v.m. am-
plifier tube. The energy produced is fed to the 
radiator by a waveguide across which is con-
nected a magnetron working in a cutoff condi-
tion and such that variations of anode voltage 
vary its impedance. By means of a transformer 
between the magnetron and the guide, the im-
pedance across the guide can be made to vary 
from zero to infinity, thus enabling 100 per cent 
modulation to be obtained. 
Application to a 100-watt television trans-

mitter for a wavelength of 21.5 centimeters and 
up to 20 Mc. modulation frequency is described 
briefly. 
For a fuller account see Onde elect., vol. 

27, pp. 307-312; August and September, 1947. 

621.396.615.18  55 
Cathode-Coupled Half-Shot Multivibrator 

R. K. F. Seal. (Electronics, vol. 20, pp. 150, 
158; September, 1947.) Describes a double-
triode common-cathode RC trigger circuit with 
two stable states operated alternately by suc-
cessive negative pulses applied across the ca-
thode-bias resistor; the output from either 
anode, therefore, occurs at half the repetition 
frequency of the initiating pulses, and is square-
wave in form. Successive frequency division 
may be obtained by connecting units in tandem 
with differentiating RC coupling circuits. 

621.396.619.23+621.396.645  56 
A 120- Watt Modulator and Speech Ampli-

fier —C. V. Chambers. (QST, vol. 31, pp. 13-
18; August, 1947.) A compact 3-stage amplifier-
modulator, using Type 807 tubes in class AB2 
and having a restricted a.f. response. Full cir-
cuit and construction details are given. 

621.396.621+621.396.69  57 
British Printed and Sprayed Circuits — 

(See 238.) 

621.396.621  58 
Theory and Practice of Cathodyne Dephas-

ing—S. Bertrand. (T.S.F. Pour. Tous, vol. 23, 
pp. 166-169; July and August, 1947.) A quali-
tative and quantitative treatment, with experi-
mental verification of the theory. 

621.396.622.71  59 
Ratio Detector for P. M. Signals—(See 

248.) 

621.396.645  60 
Amplifier with Variable Bandwidth —F. 

Juster. (Toute la Radio, vol. 14, pp. 258-260; 
September, 1947.) A design giving (a) very 
large bandwith with low sensitivity, (b) me-
dium bandwith with medium sensitivity, or 
(c) small bandwidth with high sensitivity. The 
changes are effected by varying the anode re-
sistance of each tube. 

621.396.645  61 
Harmonic-Amplifier Design —R. H. Brown. 

(Paoc. I.R.E., vol. 35, pp. 771-777; August, 
1947.) Two methods are presented for calculat-
ing the ideal performance of harmonic-amplifier 
stages as used in frequency multiplication. The 
first gives approximate results while the second, 
a graphical method, is exact. Performance may 

be adversely affected by degenerative effects 
introduced by the grid-anode capacitance and 
by inductance in the cathode circuit common to 
both grid and anode circuits. Circuit arrange-
ments for overcoming these degenerative effects 
are discussed theoretically and applications are 
indicated. 

621.396.645: 518.3  62 
Square Wave Response —A. J. Baracket. 

(Electronics, vol. 20, p. 130; August, 1947.) 
Abac giving the degree of tilting of a square 
wave by an RC coupling circuit. 

621.396.645:518.4  63 
Gain  Chart  for  Cathode  Followers — 

G. Houck. (Tele-Tech, vol. 6, pp. 54-55; 
August, 1947.) 

621.396.645:621.317.755  64 
Wide Band Oscilloscope Amplifier—C. E. 

Hallmark and R. D. Brooks. (Tele-Tech, vol. 
6, pp. 38-39, August, 1947.) "Balanced push-
pull direct-coupled stages provide characteris-
tics necessary for square wave analysis and 
television applications." Net bandwidth is 15 
Mc. 

621.396.645: 621.317.755  65 
Direct-Coupled Oscillograph Amplifier — 

D. R. Christian. (Elec. Eng., vol. 66, p. 927; 
September, 1947.) Summary of A.I.E.E. Day-
ton paper. A stabilized amplifier for use with a 
magnetic-pen motor recorder. General require-
ments, circuit details, and applications are dis-
cussed. 

621.396.645:621.385.029.63/.64  66 
On Two Designs for V.H.F. Electronic Am-

plifiers with Travelling-Wave Valves —J. P. 
Voge. (Compt. Rend. Acad. Sci. (Paris), vol. 
223, pp. 1117-1119; December 23, 1946.) Ramo 
has considered small oscillations of the form 
F(r)ei( 8) , with symmetry of order n about 
the axis of a cylindrical electron beam (4352 of 
1939). A formula is here deduced for the power 
flow through a section of the beam when it is 
surrounded by an infinitely long cylindrical 
metal sheath and there is an intense axial field. 
This formula shows the existence of successive 
bunchings and debunchings, and a theoretically 
infinite amplification for a certain length. The 
energy, being kinetic, should be picked up in-
ductively. 
Formulas are also derived for the case where 

the beam is surrounded by a matched, lossless 
transmission line, with which the beam has a 
continuous exchange of energy. The gain is 
found to be independent of w and proportional 
to the square root of the charge per unit length. 

621.396.645.029.3  67 
Multi-Purpose Audio Amplifier —M. P. 

Johnson. (Audio Eng., vol. 31, pp. 20-23, 39; 
August 1, 1947.) "Combines high gain, unusu-
ally high fidelity, and an expander-compressor 
circuit. It can be easily built from readily ob-
tainable components.  Full circuit and con-
structional details are given. 

621.396.645.029.3:621.396.61  68 
Level-Governing Audio Amplifier —( Te/e-

Tech, vol. 6, pp. 67-69, 96; August, 1947.) De-
sign of a program-operated amplifier which will 
automatically minimize overmodulation of the 
radio transmitter. A control circuit reduces am-
plifier gain when the input exceeds a predeter-
mined value. See also 1189 of 1942 (Black and 
Norman). 

621.396.645.029.3: 621.396.665  69 
Automatic Gain Control and Limiting Ampli-

fier—W. M. Jurek and J. H. Guenther. (Elec-
tronics, vol. 20, pp. 94-97; September, 1947.) 
Describes in detail an audio program amplifier, 
installed between the studio audio apparatus 
and the transmitter, for maintaining a high 
peak modulation depth without danger of over-
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loading and with minimum reduction of dy-
namic range. For another account see Com-
munications, vol. 27, pp. 18, 37; August, 1947. 

621.396.645.029.62  70 
Four-Tetrode F.M. Power Amplifier—V. 

Zeluff. (Electronics, vol. 20, pp. 132, 134; Au-
gust, 1947.) A 10-kw. amplifier having four 
tetrodes arranged in a square. Four rods leading 
vertically from the anodes to a shorting plate 
form a 4-wire X/4 line with adajcent wires fed in 
antiphase. This system gives a small external 
field. The aerial coupling system is described. 

621.396.662.2.076.2: 621.396.621  71 
Permeability Tuning of Broadcast Receiv-

ers—L. 0. Vladimir. (Electronics, vol. 20, pp. 
94-99; August, 1947.) An analysis of the series-
loop and transformer-coupled loop aerial cir-
cuits and a comparison with the capacitance-
tuned high-impedance circuit. Coil-winding 
data for obtaining the correct pitch for oscilla-
tor tracking are given. 

621.396.662.212.029.58:621.315.212  72 
A Plug-In Type Resonant Line Tank Coil — 

H. C. Sherrod. (CQ, vol. 3, pp. 19-21; June, 
1947.) For use at 28 Mc. in a high-level, a.m. 
R/T transmitter. A X/4 resonant line is used to 
increase the output tank-circuit efficiency. 

621.396.662.3+621.314.6  73 
Analysis of Full- Wave Rectifier and Capaci-

tive-Input Filter —D. L. Waidelich. (Electron-
ics, vol. 20, pp. 120-123; September, 1947.) The 
effects of finite filter inductance were deter-
mined by means of the author's steady-state 
operational calculus (1276 of 1946). Data con-
cerning flow angles, output voltage, ripple, and 
peak tube currents enable the circuit to be de-
signed for any load and frequency. 

621.396.621.004.67  74 
Most-Often-Needed 1947 Radio Diagrams 

and Servicing Information (Book Review1 — 
Beaman. (See 256.) 

GENERAL PHYSICS 

53.081  75 
Magnetic Units —"Cathode Ray." (Wire-

less World, vol. 53, pp. 339-342; September, 
1947.) The c.g.s. and the m.k.s. systems are dis-
cussed and the great advantages of the latter 
emphasized. See also 1392 and 2383 of 1947 
(Dorgelo and Schouten). 

540.145.6  76 
On the Frequency and Phase Velocity of 

Monochromatic Plane Waves in Wave Me-
chanics—L. de Broglie. (Compt. Rend. Acad. 
Sci. (Paris), vol. 225, pp. 361-363; August 25, 
1947.) In wave mechanics, a plane monochro-
matic wave %le is characterized by the four quan-
tities: frequency v, wavelength X, phase velocity 
V and group velocity U, of which only X and U 
are directly measurable. Some authors have 
concluded that, for  waves, v and V are at 
least partially indeterminate. It is shown here 
that this is not the case and formulas are de-
rived which give directly the values of 1, and V 
corresponding to a value of X. From these for-
mulas, the classical expressions for v and V are 
deduced. 

521.53 : 519.24  77 
Fluctuations in Quasi-Sinusoidal Physical 

Quantities —A. Blanc-Lapierre and P. Lapo-
stone. (Jour. Phys. Radium, vol. 7, pp. 153-164; 
June, 1946.) Reprint. A study of various mech-
anisms from the statistical point of view, taking 
account of amplitude and phase stability and 
particularly of the spectral distribution of en-
ergy. The mechanisms considered are: (a) pen-
dulum with little damping excited by external 
shocks evenly distributed, nearly evenly dis-
tributed or completely irregular; (b) pendulum 
with little damping, self-maintained by shocks 

whose amplitude and time of application fluctu-
ate about the normal values (i.e., equal shocks 
when the pendulum passes the equilibrium po-
sition); (c) alternator with slight speed fluctua-
tions. 

537.212:621.392.029.064  78 
The Electrostatic Field of a Point Charge 

Inside a Cylinder, in Connection with Wave 
Guide Theory—C. J. Bouwkamp and N. G. de 
Bruijn. (Jour. Appi. Phys., vol. 18, pp. 562-
577; June, 1947.) A theoretical paper in which 
the case of an axial point charge is considered in 
detail. Three methods of approach are used; 
from the point of view of wave propagation in-
side the cylinder, stress is laid on the third 
method in which the potential is developed in 
terms oi discrete normal solutions of the poten-
tial equation. This enables the distant fields to 
be calculated from the behavior close to the ex-
citing source; as an illustration, the theory is 
applied to the propagation of sound waves from 
a vibrating point source. 

621.317.33.011.5.029.64:1546.212+546.212.02 
79 

On the Dielectric Properties of Ordinary 
Water, Heavy Water and of Ionic Solutions at 
High Frequencies —D. M. Ritson, J. B. Hasted 
and C. H. Collie. (Compt. Rend. Acad. Sci. 
(Paris), vol. 225, pp. 285-287; August 4, 1947.) 
Measurements of the real and imaginary parts 
of the dielectric constant were made for water 
between 0°C and 75°C, and for heavy water be-
tween 5°C and 40°C, at wavelengths of 10, 3 
and 1.25 centimeters. Application of Debye's 
equations gives values within 1 per cent of the 
optical constants. The critical wavelength de-
creases with rise of temperature and is in agree-
ment with Onsager's theory. Results for vari-
ous solutions are discussed. 

537.228.1  80 
Deflection of a Piezoelectric Rod. —A. A. 

Kharkevich. (Zh. Tekh. Fiz., vol. 13, nos. 7 and 
8, pp. 423-430; 1943.) In Russian. The vibra-
tion of a rod consisting of two parallel layers of 
Rochelle salt is investigated mathematically for 
different operating conditions. 

537.291+538.691  81 
The Principles of a General Theory of the 

Focusing Action of Static Electric and Magnetic 
Fields —G. A. Grilnberg. (Zh. Tekh. Fiz., vol. 
13, nos. 7 and 8, pp. 361-368; 1943. In Russian.. 
A general method is proposed for determining 
the fields necessary for obtaining an electron or 
ion beam of a given form. The number of pos-
sible trajectories of particles in a beam is estab-
lished for different types of field. Particular at-
tention is paid to the focusing of narrow beams. 

537.291  82 
Electron Reflectors with a Quadratic Axial 

Potential Distribution —J. M. Lafferty. (Paoc. 
I.R.E., vol. 35, pp. 778-783; August, 1947.) A 
theoretical paper. The electrons are injected 
into a retarding field through a central aperture 
in one of the two electrodes between which the 
field is established. The permissible angle of di-
vergence or convergence which an incident elec-
tron may have and yet be focused back through 
the aperture is examined. The transit time for 
axial electrons is computed. Possible electrode 
shapes to set up the desired field distribution 
are discussed. 

537.311.2  83 
Ohm's Law —T. Carter. (Elec. Rev. (Lon-

don), vol. 141, pp. 167-168; August 1, 1947.) 
A discussion based on Ohm's original treatise, 
"The  Galvanic  Circuit,  Mathematically 
Treated." See also 1063 and 2393 of 1947. 

537.311.3  84 
Electronic Conductivity of Non-Metallic 

Materials —E. J. W. Verwey. (Philips Tech. 
Rev., vol. 9, no. 2, pp. 46-53; 1947.) The simul-

taneous occurrence of electronic conductivity, 
photoelectrical phenomena, light absorption, 
and deviation from stoichiometric composition 
in certain semiconducting materials indicates 
possible causes of these phenomena. 

537.311.3 : 536.48  85 
Measurement of the Resistance of PbS 

near Absolute Zero —Yu. A. Dunaev. (Comp!. 
Rend. Acad. Sci. (U.R.S.S.), vol. 40, no. 1, pp. 
21-23; 1947. In Russian.) The conclusions of an 
experimental investigation are: (a) PbS is not a 
semiconductor in the usual sense of the word; 
(b) the hole and electron types of PbS behave 
identically at low temperatures; (c) no super-
conductivity effects have been observed. 

537.311.33: 621.314.634  86 
Effect of Bending on Selenium Rectifier 

Disks —P. Selenyi and N. Szekely. (Nature 
(London), vol. 160, p. 197; August 9, 1947.) 
Bending a Se rectifier disk causes a temporary 
increase of the current flowing through it in 
both directions. The effect is greatest for the re-
verse current; it is explained by dissociation of 
the impurity centers, combined with plastic re-
laxation effects. 

537.311.33: 621.396.622.6  87 
Application of the Theory of Conduction in 

Semiconductors to Crystal Detectors—M. Le-
blanc. (Bull. Soc. Franc. Elec., vol. 7, pp. 445-
452; August, 1947.) The modifications of the 
structure of the crystal lattice brought about 
by the presence of small quantities of impuri-
ties can explain the rectification properties of 
certain semiconductors. The latent image in 
photography, the properties of oxide cathodes, 
and probably the phenomena of fluorescence, 
may be explained similarly. See also 1468 of 
1947. 

537.533:539.23  88 
An Investigation of Auto-Electron Emission 

from Thin Dielectric Films —D. V. Zernov, 
M. I. Elinson, and N. M. Levin. (Bull. Acad. 
Sci. (U.R.S.S.), Classe Sci. Tech., no. 3, pp. 
166-181; 1944. In Russian.) 

537.533.8  89 
Present State of Knowledge of Secondary 

Electron Emission from Solids —P. Palluel. 
(Ann. Radioilec., vol. 2, pp. 199-213; July, 
1947.) The important part played by secondary 
emission effects in tubes is reviewed briefly and 
a detailed discussion is given of the principal 
laws, and of the composition and fundamental 
mechanism of the secondary radiation. The 
emissive properties of the alkaline earth and 
alkali metals, metallic compounds, complex lay-
ers, oxide cathodes, and alloys of high output 
are examined in detail, numerous curves being 
given. 

538.569.4.029.64:546.171.1  90 
The Hyperfine Structure of the Ammonia 

Inversion Spectrum in an Electric Field —J. M. 
Jauch. (Phys. Rev., vol. 72, p. 535; September 
15, 1947.) Summary of Amer. Phys. Soc. paper. 

GEOPHYSICAL AND EXTRATER-
RESTRIAL PHENOMENA 

523.53 : 551.510.535  91 
Evaporation of Meteors —T. L. Eckersley. 

(Nature (London), vol. 160, p. 91; July 19, 
1947.) Discussion of certain radar photographs 
in Nature and The Times. It is suggested that 
scatter clouds can be produced by the evapora-
tion of small meteors, and that meteors below a 
certain size will evaporate. The photographs 
probably show scatter clouds rather than met-
eors large enough to be visible. There is a close 
analogy between the scattering of radio waves 
from scatter clouds and that of a-particles from 
heavy molecules, leading to Rutherford's fourth 
power law. It is the small clouds, the invisible 
evaporating meteors, which scatter effectively. 
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523.53: 551.510.535  92 
Radio Reflesions from Meteoric Ionization 

—J. S. Hey. ( Nalure (London), vol. 160, pp. 74-
76; July 19, 1947.) Notes on a discussion at a 
Physical Society meeting on January 31, 1947, 
of recent researches by radio and radar meth-
ods into ionospheric ionization by meteors. See 
also 93 below. 

523.53:551.510.535  93 
Meteors, Comets, and Meteoric Ionization 

—A. C. B. Lovell. (Nature (London), vol. 160, 
pp. 76-78; July 19, 1947.) Notes on a confer-
ence held at Manchester University under the 
auspices of the Physical Society. See also 92 
above. 

523.7  94 
The Sun a Regular Variable Star —C. G. 

Abbot. (Science, vol. 105, p. 632; June 20, 
1947.) Summary of National Academy of Sci-
ences' paper. The solar constant of radiation for 
the years 1924 to 1944 has a regular periodicity 
of 6.6456 days. Statistical studies show fluctua-
tions of temperature of identical average period 
and average range 5°F. 

523.72+523.8541:621.396.822  95 
Emission of Radio-Waves by the Galaxy 

and the Sun —J. S. Shldovsky. (Nature (Lon-
don), vol. 159, pp. 752-753; May 31, 1947.) 
Henney's and Keenan's theory of long-wave ra-
dio emission (Astrophys. Jour., vol. 91, pp. 625 
ff.; 1940) is extended to take account of the ab-
sorption due to free electrons. In order to cor-
relate the theory with observations on the emis-
sion from the sun, it is necessary to assume that 
the electron temperature of the outer corona is 
about 3500°. 
The occasional intense solar emission in the 

range 7 to 30 meters may be due to excitation 
of the corona plasma by the flow of charged 
corpuscles through the corona with a velocity 
greater than that of sound. This would give a 
magnetic storm about one day after the anom-
alous radio emission. 

523.72:621.396.822.029.62  96 
Relation between the Intensity of Solar Ra-

diation on 175 Mc/s and 80 Mc/s —M. Ryle 
and D. D. Vonberg. (Nature (London), vol. 
160, pp. 157-159; August 2, 1947.) Simultane-
ous observations at the two frequencies were 
made between December, 1946 and April, 1947, 
by the technique described in 89 of 1947. Short-
lived bursts having an intensity up to five times 
the mean value and lasting from 1 to 20 seconds 
occur at both frequencies but at uncorrelated 
times; bursts having intensities 20 to 100 times 
the mean value can persist for many minutes 
and are usually observed on both frequencies-
The day-to-day variation of intensity on the 
two frequencies is also investigated. See also 
3508 of 1947 (Appleton and Hey). 

523.74  97 
A Short-Lived Solar Phenomenon in High 

Latitude —A. D. Thackeray. (Nature (Lon-
don), vol. 160, pp. 439-440; September 27, 
1947.) An intensely dark absorption flocculus 
was observed in the region with heliographic 
coordinates 6° W, 61°S from 09h. 46 m. GMT 
onwards on June 19, 1947. It appears to be simi-
lar to the dark flocculi in regions surrounding 
sunspots and flares, and there is evidence that it 
was associated with increased radio noise on 
175 Mc. 

523.745  98 
Information on Solar Activity by Radio— 

(Nature (London), vol. 160, p. 293; August 30, 
1947.) The daily sunspot (relative) numbers 
given by the Swiss Federal Observatory, Zurich 
are broadcast monthly in the short-wave serv-
ice of the Swiss Broadcasting Corporation. 
Dates, times, wavelengths, and languages of 
the transmissions are detailed. 

523.746.5  99 
On the Forecasting of Sunspots —M. Mayot 

(Compt. Rend. Acad. Sci. (Paris), vol. 224, pp. 
1699-1701; June 16, 1947.) A method making 
use of 1884 to 1946 data to derive formulas giv-
ing the probable Wolf- Wolfer numbers for each 
month for one and two years in advance. The 
numbers for 1948 approximate to those of 
Gleissberg (1830 of 1946 and back references) 
and of Waldmeier (2560 of 1946). 

523.854: 538.12] : 537.591  100 
On the Magnetic Field of the Milky Way 

and Its Effect on Cosmic Radiation —M. S. 
Vallarta. (Phys. Rev., vol. 72, p. 519; September 
15, 1947.) Comment on 3891 of 1947 (Babcock). 
"So long as the condition of weak magnetic 
coupling among the stars of a galaxy still ob-
tains, stellar dipole moments are still oriented 
at random and the resultant field of the galaxy 
almost vanishes." 

537.591  101 
On the Production Process of Mesons — 

V. F. Weisskopf. (Phys. Rev., vol. 72, p. 510; 
September 15, 1947.) 

537.591:523.75  102 
Solar Effects in Cosmic Rays—S. E. For-

bush. (Science, vol. 105, p. 634; June 20, 1947.) 
Summary of National Academy of Sciences' pa-
per. Magnetograms from several magnetic ob-
servatories indicate that three sudden increases 
in cosmic-ray intensity during the past ten 
years cannot be ascribed to changes in the 
earth's magnetic field. Arguments are pro-
pounded suggesting that changing magnetic 
fields associated with a sunspot or solar flare 
may act as magnetic accelerators for charged 
particles. 

538.712  103 
Forecasting the Diurnal Variation of the 

Magnetic Declination —J. Coulomb. (Comp!. 
Rend. Acad. Sci. (Paris), vol. 224, pp. 1727-
1728; June 16, 1947.) A method making use of 
past records and the Wolf- Wolfer numbers to 
derive a simple formula. 

550.38  104 
Frenkel's Views on the Origin of Terrestrial 

Magnetism —L. B. Slichter and E. C. Bullard. 
(Nature (London), vol. 160, p. 157; August 2, 
1947.) Comment on 2896 of 1946. A paper en-
titled "Magnetic Field of Sunspots" by T. G. 
Cowling (Mon. Not. R. Astr. Soc., pp. 39-48; 
November, 1933) contains a theorem which ap-
pears to invalidate Frenkel's theory. 

551.510.535  105 
On the Sporadic F2 Layer of the Ionosphere 

— Va. L. Arpert. (Comp:. Rend. Acad. Sci. 
(U.R.S.S.), vol. 55, no. 1, pp. 25-26; 1947. In 
Russian.) As a result of recent ionsophere inves-
tigations, it is suggested that the three- and 
four-tailed characteristics of ionosphere reflec-
tion records (Figs. 1 and 2) are due to double 
refraction of the ray taking place in the main 
F2 layer and in semitransparent sporadic ion-
ized clouds appearing in this layer. 

551.510.535: 525.624  106 
Atmospheric Tides in the Ionosphere: Part 

2—Lunar Tidal Variations in the F Region near 
the Magnetic Equator—D. F. Martyn. (Proc. 
Roy. Soc. A, vol. 190, pp. 273-288; July 8, 
1947.) Examination of the data for the heights 
and critical frequencies of the F regions over 
three years at Huancayo, Peru, shows the ex-
istence of semidiurnal tides in all quantities ex-
cept hi'. The lunar variation in the Fl region 
depends on solar time in both phase and ampli-
tude and at certain epochs attains very large 
amplitudes, up to 60 kilometers for heal and 
28 per cent for f2°. 
The theory of these variations given in part 

I of this paper (2421 of 1947) is extended. 

551.510.535:621.396.11  107 
The Ionosphere —J. H. Dellinger. (Sci. 

Mon., vol. 65, pp. 115-126; August, 1947.) A 
general survey of ionosphere characteristics 
such as layer height, ionization density, energy 
absorption, and radio noise, and their signifi-
cance. World-wide observations have extended 
knowledge of these phenomena, thus allowing 
reliable predictions to be made of radio propa-
gation conditions. 

551.510.535:621.396.11  108 
A Frequency Prediction Service for South-

ern Africa  Hewitt, Hewitt, and Wadley. (See 
229.) 

551.524.4  109 
The Daily Course of Temperature in the 

Troposphere —E. S. Seleznyova. (Bull. Acad. 
Sci. (U.R.S.S.), sir. geogr. geophys., vol. 9, no. 
2, pp. 82-88; 1945. In Russian with English 
summary.) The daily oscillations of tempera-
ture in the lower layers of the troposphere ap-
pear to be influenced by the earth's surface, and 
their amplitude decreases with increasing 
height. In the middle and upper troposphere, 
an independent diurnal variation occurs, deter-
mined by physical properties of the atmosphere. 

551.594.221  110 
Lightning Research in Switzerland—K. 

Berger. (Weather (London), vol. 2, pp. 231-
238; August, 1947.) A description of the tech-
nique and equipment employed at Monte San 
Salvatore, together with an analysis of the 25 
oscillograms of lightning strokes obtained dur-
ing the period 1943 to 1946. See also 2269 of 
1939 (McEachron). 

LOCATION AND AIDS TO 
NAVIGATION 

621.396(99)  111 
Electronics in the Antarctic —Bailey. (See 

259.) 

621.396.932  112 
International Recommendations for Marine 

Electronic Aids—)Electronics, vol. 20, pp. 144, 
244 and 144, 145; July and August, 1947.) Ab-
stract of the report of the 1947 International 
Meeting on Marine Radio Aids to Navigation. 
Performance standards are laid down for radio 
equipment and radar for position-fixing within 
range of suitable fixed targets, either natural or 
artificial. Compulsory fitting of radar and fre-
quency standardization is not yet contem-
plated. Development of a reliable overall per-
formance monitor and of devices for better 
identification of shore features and small ships 
is recommended. Medium-frequency d.f. serv-
ices, though not fully satisfying standard re-
quirements, should be continued. Decca serv-
ices should be expanded, and for long range, 
standard loran should be adopted. Medium-
range aids should have priority over long-
range, but marine requirements should be con-
sidered when setting up long-range aircraft 
aids. For short-range communication, 2-way 
150-Mc. R/T is recommended. Main compon-
ents of equipment should be standardized. 

621.396.933  113 
Radio Navigational Aids —W. J. O'Brien. 

(Jour. Brit. I.R.E., vol. 7, pp. 215-246; Oc-
tober, 1947. Discussion, pp. 247-248.) A gen-
eral discussion, with particular reference to the 
Decca system. 

621.396.933:621.396.96  114 
Radar System for Airport Traffic and Navi-

gation Control: Part 1—F. J. Kitty. (Tele-
Tech, vol. 6, pp. 40-44, 104; August, 1947.) De-
scription of a fixed ground radar system, based 
on the war-time Navy G.C.A., for airport sur-
veillance, height finding, traffic control, and in-
strument approach under all conditions of visi-
bility. The height-finder, azimuth, and eleva-
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tion systems operate at frequencies near 9000 
Mc., and the search system at 2900 Mc. Two-
way communication with aircraft is provided in 
the 2 to 9 Mc. and 100 to 156 Mc. bands. 

621.396.933:621.396.96  115 
Airborne Radar—(S.A.E. J., vol. 55, pp. 

27-31; August, 1947.) Based on a paper en-
titled "American Airlines' Evaluation of Air-
borne Radar," read before the S.A.E. Mid-Con-
tinent Section. The APS-10 radar, with the 
aerial modified to give a pencil beam, provides 
a simple and effective method of collision pre-
vention under blind-flying conditions. A num-
ber of photographs are given of actual PPI 
displays obtained during flight tests. 

621.396.96:621.318.572  116 
Video Switching and Distribution System — 

R. D. Chipp. (Tele-Tech, vol. 6, pp. 50-54, 111; 
July, 1947.) Naval equipment for plan-position 
indications to remote repeaters. 

621.396.96:621.396.619.23:778  .  117 
Photographing Pulse Wave Shapes of 

Radar Modulators —Marks. (See 288.) 

621.396.96  118 
Radar Engineering [Book Reviewl —D. G. 

Fink. McGraw-Hill, London, 644 pp., 35s. 
(Wireless World, vol. 53, p. 345; September, 
1947.) "A presentation of the underlying prin-
ciples and commonly-used techniques, illus-
trated by some typical examples." 

MATERIALS AND SUBSIDIARY 
TECHNIQUES 

533.5:621.3.032.53  119 
The Effect of Heat Treatment in Different 

Atmospheres on the Stress in Tungsten-to-
Glass Seals —M. Manners. (Jour. Soc. Glass 
Tech., vol. 30, pp. 217-238; August to October, 
1946.) A study of the relations between the 
heating time and temperature, in air or in hy-
drogen, and the longitudinal stress at the glass-
metal boundary of single-wire "oxide" or "ox-
ide-free" seals. 

533.5:621.3.032.53  120 
Metal-Ceramic Vacuum Seals —N. T. Wil-

liams. (Rev. Sci. Instr., vol. 18, pp. 394-397; 
June, 1947.) A complete account of processes 
using AlSiMag 243 (2460 of 1947). Mixtures of 
Mo and carbonyl-iron powders are fired on to 
the ceramic at 1400°C in a H.N atmosphere 
and to the surface thus obtained a Ni powder is 
sintered to provide a base for brazing. An alloy 
of 50 per cent Fe, 50 per cent Ni is used for out-
side seals and an alloy of 42 per cent Ni, 5i per 
cent Cr, 52i per cent Fe for inside seals. 

533.5:621.3.032.53  121 
Ceramic-Metal Seals —M. Kuhner. (Le 

Vide (Paris), 11 pp., January, 1947; Reprint.) 
Discusses the advantages of using ceramics in-
stead of glass in the construction of u.h.f. tubes 
and describes processes for direct ceramic-
metal seals without a glass intermediate. 

533.5:621.315.616  122 
The Vacuum Properties of Some Synthetic 

Dielectrics —B. G. Hogg. (Phys. Rev., vol. 72, 
p. 522; September 15, 1947.) Summary of 
Amer. Phys. Soc. paper. An investigation to 
determine the suitability of some new dielec-
trics for use in the vacuum system of a mass 
spectrograph. 

535.37:621.386  123 
Microsecond Measurement of the Phos-

phorescence of X-Ray Fluorescent Screens — 
F. Marshall. (Jour. Appl. Phys., vol. 18, pp. 
512-518; June, 1947.) The build-up and decay 
of light emitted by fluorescent materials when 
irradiated by X-ray pulses was displayed on a 
c.r.o. 

537.228.1  124 
Electromechanical Properties of Rochelle 

Salt at the Lower Curie Point —R. M. Lichten-
stein. (Phys. Rev., vol. 72, pp. 492-501; Sep-
tember 15, 1947.) The electromechanical con-
stants calculated from measurements of the 
electrical characteristics near the lower Curie 
point agree with those determined for the upper 
Curie point. This fact furnishes an explanation 
of the existence of two Curie pcints for Ro-
chelle salt. 

537.228.1:546.431.823  125 
Single Crystals of Barium Titanate —B. T. 

Matthias, R. G. Breckenridge, and D. W. 
Beaumont. (Phys. Rev., vol. 72, p. 532; Septem-
ber 15, 1947.) Summary of Amer. Phys. Soc. 
paper. Perfect single crystals of up to .5 mm. 
were obtained by a cooling process not lasting 
longer than 8 hours. They were found to be 
strongly piezoelectric. "The dielectric behavior 
points to a new, third kind of ferro-electrics in 
addition to Rochelle salt and the dihydrogen 
phosphates." 

537.228.1:546.431.823  126 
Barium Titanate Crystals —H. F. Kay and 

R. G. Rhodes. (Nature (London), vol. 160, pp. 
126-127; July 26, 1947.) Crystals with linear 
dimensions up to 2 mm. have been produced. 
They are piezoelectric at room temperatures 
and consist of individuals of tetragonal sym-
metry twinned about the 101 and 011 planes. 
Above 120°C there is a transition to cubic sym-
metry. See also 127 below. 

537.228.1: 546.431.823; 621.315.612.4.011.5 127 
Dielectric Properties of Single Crystals of 

Barium Titanate —J. K. HuIm. (Nature (Lon-
don), vol. 160, pp. 127-128; July 26; 1947.) At 
I8°C, the permanent polarization characteris-
tic is estimated at about 16 microcoulombs per 
centimeter°. Curves showing maximum polari-
zation as a function of temperature for various 
field strengths indicate a Curie temperature of 
about 124°C. See also 126 above. 

537.311.33  128 
The Physics of Electronic Semiconductors 

— G. L. Pearson. (Elec. Eng., vol. 66, pp. 638-
642; July, 1947.) Long summary of A.I.E.E. 
paper. A short review of present knowledge 
with an elementary account of the band theory 
of solids, and the classification of the various 
semiconductors. This theory explains the mag-
nitude of the conductivity and its temperature 
coefficient, and also certain anomalies in sign 
of the Hall and thermoelectric effects. See also 
the work of A. H. Wilson (1932 Abstracts, 
Wireless Eng., p. 108). 

537.311.33:621.396.622.6  129 
Application of the Theory of Conduction in 

Semiconductors to Crystal Detectors —Le-
blanc. (See 87.) 

537.32+538.6321:546.24  130 
The Electrical Behavior of Vacuum Evapo-

rated Tellurium — W. Scanlon and K. Lark-
Horovitz. (Phys. Rev., vol. 72, p. 530; Septem-
ber 15, 1947.) Summary of Amer. Phys. Soc. 
Paper. Anomalies in the Hall effect and thermo-
electric power of Te heated in air are absent 
when it is heated in a high vacuum. 

538.221/.222  131 
Relaxation Effects In Paramagnetic and 

Ferromagnetic Resonance —C. Kittel. (Phys. 
Rev., vol. 72, p. 529; September 15, 1947.) 
Summary of Amer. Phys. Soc. paper. A theo-
retical discussion. The effects of anisotropy and 
exchange interactions on the condition co=-y 
(BH) 1/2 for feromagnetic resonance are consid-
ered. See also ibid., February 15, 1947, vol. 71, 
p. 270, and 747; 1947 (Griffiths). 

538.221 +669.018.5  132 
Magnetic Alloys of High Permeability — 

(Engineer (London), vol. 184, pp. 78-79; July 

25, 1947.) A review of the development of such 
materials, and an account of the properties of 
Supermalloy, extracted from Boothby's and 
Bozorth's paper (2802 of 1947). 

538.221+669.018.5  133 
The Production of Small Permanent Meg-

nets —(Engineer (London), vol. 184, p. 40; July 
11, 1947.) A note on the use and properties of a 
new pressed powder material of high coercive 
force called "Caslox," manufactured by the 
Plessey Co. The material consists of a mixture 
of Fe-Co oxides with a plastic binder. 

538.221  134 
Variation of the Coercive Field as a Func-

tion of the Density of Compressed Ferromag-
netic Powders —L. Weil. (Compt. Rend. Acad. 
Sri. (Paris), vol. 225, pp. 229-230; July 28, 
1947.) Experimental verification, for powders of 
Fe and of Fe-Co with 30 per cent Co, that the 
coercive field of compressed powders diminishes 
as the density increases, according to the for-
mula H,=k(d—do)/do, where k is a characteris-
tic constant of the powder at infinite dilution, 
d the density of the solid metal and do the mass 
of the ferromagnetic material per centimeteri in 
the compressed powder. See also 3151 and 3152 
of 1947 (Neel). Note. In the text of the article 
it would appear that the definitions of d and do 
should be interchanged. 

538.221  135 
Gyromagnetic Resonance in Ferrites — 

J. L. Snook. (Nature (London), vol. 160, p. 90; 
July 19, 1947.) A note on the experimental be-
havior of magnetic ferrites of great homogene-
ity as a function of frequency. The rapid de-
crease of po at high frequencies is probably due 
to gyromagnetic resonance around directions 
prescribed by the internal fields. 

538.221;621.317.41.029.63/.64  136 
High-Frequency Permeability of Ferromag-

netic Materials —G. Eichholz and G. F. Hods-
man. (Nature (London), vol. 160, pp. 302-303; 
August 30, 1947.) A description of the tech-
nique used and the results obtained in the fre-
quency band 2 300 to 3 400 Mc. 
The permeability is deduced from measure-

ment of the difference in attenutation constant 
of a coaxial transmission line when the inner 
conductor, made of the ferromagnetic material 
under test, is replaced by a nonmagnetic ma-
terial of the same dimensions. 
Materials tested comprise Fe with low car-

bon content and steel (0.50 to 0.55 per cent car-
bon); in both cases hard-drawn and white an-
nealed specimens were used. Commercial Ni 
was also examined. See also 3923 of January 
(Johnson, Rado, and Maloof) and back refer-
ences. 

538.221:669.1 4-122.2:621.318.32  137 
Cold- Worked Electrical Low Loss Steels — 

(Elec. Times, vol. 112, pp. 177-181; August 14, 
1947.) A description of the processing of silicon 
steel strip "Crystalloy" for minimum hystere-
sis loss. The steel is alternately cold-rolled in a 
Steckel mill and annealed, thus orienting the 
crystals with their edges parallel; the magnetic 
field must be applied parallel to the edges for 
minimum hysteresis loss. Typical curves and 
methods of testing are given. 

546.289: 538.56  138 
Spontaneous Electrical Oscillations in Ger-

manium Crystals —S. Benzer. (Phys. Rev., vol. 
72, p. 531; September 15, 1947.) Summary of 
Amer. Phys. Soc. paper. 

546.289: 621.315.59: 536.48  139 
Resistivity and Hall Constant of German-

ium Samples at Low Temperatures —I. Ester-
mann, A. Foner, and J. A. Randall. (Phys. 
Rev., vol. 72, p. 530; September 15, 1947.) Sum-
mary of Amer. Phys. Soc. paper. 
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546.289:621.315.59: 536.48  140 
Theory of Low Temperature Semiconduc-

tor Resistivity —V. A. Johnson and K. Lark-
Horovitz. (Phys. Rev., vol. 72, P.  531; Septem-
ber 15, 1947.) Summary of Amer. Phys. Soc. 
Paper. The resistivity of Ge semiconductor has 
been calculated, using classical statistics above 
and Permi statistics below the degeneracy tem-
perature. The results are in close agreement 
with observations. 

546.841-3:621.385.2.032.216  141 
Thermionic Properties of Thoria —D. A. 

Wright. (Nature (London), vol. 160, pp. 129-
130; July, 26, 1947.) A coating of thoria 0.1 
mm. thick was sprayed on to a Ta strip and in-
corporated in a diode. A saturated emission of 
2.5 A per centimeters was obtained under d.c. 
conditions at 1900°K. 10 A per centimeters un-
der d.c. conditions and 30 A per centimeters un-
der pulsed conditions were obtained at 2100°K 
without flashover. A thoria cathode was also 
made in tubular form by extrusion and sinter-
ing. The emission fell rapidly on continuous 
operation and the cathode was sentitive to ther-
mal shock. 

549.514.51:548.24  142 
Artificial Electrical Twinning in Quartz 

Crystals —J. J. Vormer. (Paoc. I.R.E., vol. 35, 
pp. 789-790; August, 1947.) For another ac-
count see 1463 of 1947. 

549.514.51:621.396.611.21  143 
FT-241A Frequency Control [Quartz Crys-

tall Unit —I. E. Fair. (Bell Lab. Rec., vol. 25, 
pp. 295-298; August, 1947.) Construction of a 
unit for 200 to 1 040 kc. using CT- or DT-cut 
quartz plates, which are much smaller than 
AT-cut plates for a given frequency. Vibration 
in face shear and not thickness shear is used and 
a technique is developed for mounting the plates 
on small wires soldered at the nodal points. 

549.514.51:621.396.611.21:621.386.001.8  144 
A Method for the Determination of Crystal 

Cuts by Applying the Reflection of X-Rays 
from a Known Lattice Plane —V. Petriflka and 
J. Sen a (Phil. Mag., vol. 37, pp. 399-410; 
June, 1946.) The method uses a Seemann elec-
tron diffraction spectrograph. The required in-
formation is derived from measurements on a 
single photograph. 

621.315.612: 537.523.3  145 
High Altitude Flashover and Corona Cor-

rection on Small Ceramic Bushings —W. W. 
Pendleton. (Elec. Eng., vol. 66, p. 925; Septem-
ber, 1947.) Summary of A.I.E.E. Dayton pa-
per. Improvement of corona and flashover 
voltages was obtained by the use of semicon-
ducting coatings. A sensitive oscilloscope 
method detects disturbances at voltage gradi-
ents where the ionization-by-collision process 
begins. These gradients are calculated from 
graphical maps of the dielectric fields associated 
with the bushings. A method is given for cor-
relating flashover data with bushing size and 
shape. 

621.315.612:621.319.4  146 
Fabrication of Thin Ceramic Sheets for 

Capacitors —G. N. Howatt, R. G. Breckenridge 
and J. M. Brownlow. (Jour. Amer. Ceram. Soc., 
vol. 30, pp. 237-242; August 1, 1947.) Descrip-
tion of their manufacture and use as capacitor 
dielectrics. For TiO2 sheets, graphs are given 
showing the relation of breakdown strength to 
thickness and temperature for a.c. and d.c. 
voltages. The dielectric properties of TiO2 and 
of various titanates are tabulated. 

621.315.616: 546.287  147 
Test of Silicones for Shipboard Use —H. P. 

Walker. (Elec. Eng., vol. 66, pp. 647-649; July, 
1947.) Consideration of their possible uses as in-
sulating varnishes, resins for laminated and 
moulded thermosetting materials, resins for 
high-temperature paints, bearing lubricants, 
and rubber for gaskets. 

621.315.616.7  148 
Structural Features of GR-S Rubber — 

W. G. Straitiff. (Bell. Lab. Rec., vol. 25, pp. 
299-303; August, 1947.) 

621.317.37+621.3.011.51:621.396.611.4  149 
Resonant Cavities for Dielectric Measure-

ments— Works. (See 173.) 

621.775.7  150 
Powder Metallurgy—(Engineer (London), 

vol. 184, pp. 52-53, 72-73, 106-108, 119-121, 
152-154, and 165-168; July 18 and August 22, 
1947.) A report of the discussion at the Insti-
tution of Civil Engineers on a symposium of 
28 papers on various aspects of powder metal-
lurgy, including magnetic powders and prod-
ucts. 

621.775.7  151 
Modern Powder Metallurgy —H. W. Green-

wood. (Engineering (London), vol. 163, p. 492; 
June 13, 1947.) A general survey. Hitherto 
progress has been somewhat empirical. Planned 
investigation and fundamental research are 
now required. 

669  , 152 
New Metals for Old —E. V. Appleton. 

(Beama Jour., vol. 54, pp. 256-259; July, 1947.) 
Summary of the Edward Williams lecture to 
the Institute of British Foundrymen on recent 
metallurgical research and its relation to the 
electrical engineering industry. Increased ten-
sile strength of overhead conductors, losses in 
magnetic substances, and improvements in 
magnetic hardness are discussed. Details are 
given of alloys having a high resistance to creep 
deformation under stress at high temperatures. 
Brief summary in Nature (London), vol. 160, 
pp. 308-309; August 30, 1947. 

MATHEMATICS 

501(05)  153 
The Quarterly Journal of Mechanics and 

Applied Mathematics—( Nature (London), vol. 
160, p. 427; September 27, 1947.) A new peri-
odical beginning publication in April, 1948. 

517.512.2: 518.4  154 
Graphical Methods for Evaluating Fourier 

Integrals — W. J. Cunningham. (Jour. Appl. 
Phys., vol. 18, pp. 656-664; July, 1947.) Three 
methods are described, all involving an analysis 
of the function considered into the sum of sim-
pler functions whose transforms are known. 
The methods are useful where an analytic solu-
tion is too complicated or the data take the 
form of curves obtained experimentally. 

517.512.2:621.396.67  155 
Fourier Transforms in Aerial Theory: Part 

3—Operations with Fourier Transforms—J. F. 
Ramsay. (Marconi Rev., vol. 10, pp. 41-58; 
April to June, 1947.) Continuation of 3561 of 
1947. Discussion of elementary operations with 
Fourier transforms, namely: (a) change of sign 
of the independent variable, (b) interchange of 
function, (c) identity of function; self-reciprocal 
transforms, (d) the Gaussian and Rayleigh 
transforms, (e) even and odd functions, (f) real 
and imaginary parts; complex conjugates, (g) 
the displacement theorem, (h) multiplication 
by a constant, (i) change of scale, (j) addition 
and subtraction, (k) differentiation of trans-
forms and (1) the transform of a product. 

517.93+531  156 
Introduction to Non-Linear Mechanics: 

Parts 1-4 —N. Minorsky. ( United States Navy; 
David W. Taylor Model Basin, Reports 534, 
546, 558, and 564.) These reports review the 
progress up to approximately 1940 in obtaining 
solutions to many kinds of nonlinear differen-
tial equations. Numerous examples are given, 
many of which are of an electrical nature. Much 
of the work is a presentation of material which 

has hitherto existed only in Russian books and 
papers. Part 1 is concerned with solutions by 
topological methods of qualitative integration, 
while part 2 gives an outline of the three prin-
cipal analytical methods of Poincare, van der 
Pol, and Kryloff-Bogoliuboff. In part 3 there 
is a discussion of the complicated phenomena of 
nonlinear resonance, with its numerous ramifi-
cations, such as internal and external subhar-
monic resonance, entrainment of frequency, 
and parametric excitation. Finally, part 4 con-
tains a review of the developments of Mandel-
stam, Chaikin, and Lochakow in the theory of 
relaxation oscillations for large values of the 
parameter z which appears in the basic quasi-
linear equation 

i-Fx=µF(x, i) 
All analytical approaches to a solution of this 
equation assume that µ is very small, whereas 
for oscillations such as those conforming to van 
der Pol's differential equation, a is large. 

518.5  157 
Electrical Analogue Computing: Part 3— 

Functional Transformation—D. J. Mynall. 
(Electronic Eng. (London), vol. 19, pp. 259-
262; August, 1947.) Electromechanical and 
electronic devices are described for causing one 
quantity to vary as a predetermined function of 
another. The system is similar to that used for 
multiplication, but some of the potentiometers 
or variable resistors involved are nonlinear. 
Parts 1 and 2: 3563 of 1947. 

518.5  158 
Electronic Computing Circuits of the ENIAC 

—A. W. Burks. (Paoc. I.R.E., vol. 35, pp. 756-
767; August, 1947.) "The design principles that 
were followed in order to insure reliable opera-
tion of the electronic computer are presented, 
and the basic types of computing circuits are 
analyzed. . . . The Eniac performs the opera-
tions of addition, subtraction, multiplication, 
division, square-rooting, and the looking up of 
function values automatically. The units which 
perform these operations, the units which take 
numerical data into and out of the machine, 
and those which control the over-all operation 
are described. The technique of combining the 
basic electronic circuits to perform these func-
tions is illustrated by three typical computing 
circuits: the addition circuit, a programming 
circuit, and the multiplication circuit." See also 
2481 of 1947 (Wilkes) and 3952 of January 
(Hartree). 

518.5:621.318  159 
Use of Magnetic Amplifiers in Computing 

Circuits —R. T. Beyer. (Phys. Rev., vol. 72, p. 
522; September 15, 1947.) Summary of Amer. 
Phys. Soc. paper. These amplifiers have been 
used for the algebraic addition of small direct 
currents to an accuracy of ±0.1 per cent of the 
maximum sum and also for the differentiation 
of slowly varying voltages. The circuits have 
loiv input impedance, high stability, and the 
input levels of the currents can be independent 
of each other and of the'output level. 

518.5:621.392  160 
Machine Computing of Networks—L. A. 

Dunstan. (Elec. Eng., vol. 66, pp. 901-906; 
September, 1947.) The data and conditions of a 
standardized power distribution network prob-
lem are stated in the form of a master diagram, 
and the results are obtained by the use of 
punched-card accounting machines. A compari-
son is made of this method with the network 
analyzer method. 

51:621.3  161 
Modern Electrical Engineering Mathe-

matics 1Book Reviewl —S. A. Stigant. Hutchin-
son's Scientific and Technical Publications, 
London, 1947, 372 pp., 31s. 6d. (Beama Jour., 
vol. 54, pp. 242-243; July, 1947.) a . . . a mile-
stone in the application of modern mathe-
matical methods to the solution of problems in 
complicated electrical networks." 
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51(083.5)  162 
The Mathematical Tables Project [Book 

Noticel —National Bureau of Standards. Co-
lumbia University Press, New York. (Jour. 
Appl. Phys., vol. 18, p. 687; July, 1947.) A list 
of 20 sets of tables published up to 1947 is 
given. These include powers, exponential and 
circular functions, probability functions, Bes-
sel functions, Lagrangian interpolation coef-
ficients, etc. See also 3339 of 1946 (Fletcher, 
Miller, and Rosenhead). 

MEASUREMENTS AND TEST GEAR 

621.317.2:621.396.621.001.4  163 
Chassis Testing on a Quantity Basis—A. H. 

Beattie. (Murphy News, vol. 22, pp. 188-191; 
August, 1947.) The equipment consists of a 
central transmitter unit incorporating 24 indi-
vidual crystal-controlled oscillators, which pro-
vide suitable signals for all chassis testing. Each 
oscillator is enclosed in an aluminum screening 
box. The test points are fed through matched 
lines. Each test point is provided with a buffer 
amplifier fitted with continuously variable out-
put control, giving complete flexibility and per-
mitting the use of low signal levels in the feed-
ers. 

621.317.311  164 
A Method for the Measurement of Small 

Direct Currents —E. J. Harris. (Electronic 
Eng. (London), vol. 19, pp. 249-250; August, 
1947.) The small e.m.f. to be measured is inter-
rupted at 50 c.p.s. and applied, in opposition to 
a variable known e.m.f., to the primary of a 
transformer. The secondary rings with an am-
plitude increasing with the difference between 
the known and unknown e.m.fs. The damped 
oscillations are amplified and applied to an os-
cilloscope which is used as a null detector. 

621.317.32: 537.533.73  165 
Measurement of Peak High Voltages by 

Electron Diffraction —J. J. Trillat and J. Bar-
raud. (Rev. Gin. Elec., vol. 56, pp. 310-314; 
July, 1947.) A method similar to that previously 
given for d.c. voltages (791 of 1947). The use 
of powdered magnesia or ZnO eliminates cer-
tain measurement errors. A peak voltage of 45 
kv. can be measured to within about ± 500 
volts. 

621.317.33:621.316.8  166 
Method for Determining the Time Constant 

of Resistors at Low Frequency—G. Ney. 
(Compt. Rend. Acad. Sci (Paris), vol. 225, pp. 
227-228; July 28, 1947.) A semisubstitution 
method, using a Schering bridge, gives the self-
inductance and the distributed capacitance of 
a resistor and hence its time constant. Measure-
ments on numerous metallized resistors show 
that the distributed capacitance is practically 
negligible and Ohm's law is followed up to fre-
quencies of many hundreds of kc. Measure-
ments on resistors of 1 to 100,000 ohms show, 
in general, errors in determining the time con-
stant of the order of 10-a seconds. 

621.317.332  167 
Conductivity of Metallic Surfaces at Micro-

wave Frequencies —E. Maxwell. (Jour. Appl. 
Phys., vol. 18, pp. 629-638; July, 1947.) Two 
methods of measurement which have been used 
at X 1.25 centimeters are described. The first 
involves the measurement of the standing-
wave ratio, and hence the transmission loss, in 
a shorted waveguide; the second involves the 
measurement of the Q of a resonant cavity. The 
results for a number of metals are given. Devia-
tions from d.c. conductivity are ascribed to sur-
face roughness. 

621.317.335  168 
A Capacitance Test Bridge —J. M. Heinrich 

(Radio News, vol. 38, pp. 42-43, 150; August, 
1947.) A direct reading instrument for capaci-
tances between 1 pF and 100 pF, 

621.317.335  169 
Connection Errors in Capacitance Measure-

ments —R. F. Field. (Gen. Rod. Exper., vol. 21, 
pp. 1-4; May, 1947.) Stray capacitance errors 
are largely eliminated by use of a wire of small 
diameter for connection to the high potential 
terminal, the wire being curved so as to increase 
its average distance from earthy conductors. 
Correction of the residual error is applied by ob-
serving the effect of varying the initial separa-
tion of the end of the wire and the terminal. 

621.317.361+621.317.761  170 
Royal Observatory Standard Frequency 

Transmissions —(R.S.G.B. Bull., vol. 23, p. 24; 
August, 1947.) Brief details are given of the 2-
Mc. standard frequency transmissions from 
Abinger. The accuracy is better than 1 in 107. 

621.317.361+621.317.761  171 
W WV Standard Frequency Broadcasts — 

W. W. George. (F M and Telev., vol. 7, pp. 
25-27, 44; June, 1947.) Details of the various 
transmissions, with photographs of some of the 
equipment. 

621.317.37+621.3.011.51:621.365.92  172 
Dielectric Loss at High Frequency —J. B. 

Whitehead. (Elec. Eng., vol. 66, pp. 907-911; 
September, 1947.) A calorimetric substitution 
method of measuring the dielectric properties 
of a material whose temperature may be chang-
ing at a rate of the order of 50°F. per min. For 
another account see Science, vol. 105, p. 637; 
June 20, 1947. 

621.317.37+621.3.011.51:621.396.611.4  173 
Resonant Cavities for Dielectric Measure-

ments—C. N. Works. (Jour. A ppl. Phys., vol. 
18, pp. 605-612; July, 1947.) The susceptance 
variation method of measuring dielectric con-
stant and dissipation factor, widely used in the 
frequency range 10 kc. to 100 Mc. is extended 
to frequencies up to 1000 Mc. Fixed and varia-
ble length re-entrant resonant cavities are de-
scribed; the specimens are in the form of small 
disks. Design principles are discussed and for-
mulas given for calculating the required dielec-
tric properties. Good agreement is found with 
values measured by other methods. Some re-
sults for typical dielectrics are shown graph-
ically. 

621.317.382.029.63  174 
A Coaxial Load for Ultra-High-Frequency 

Calorimeter  Wattmeters —W.  R.  Rambo. 
(PRoc. I.R.E., vol. 35, pp. 827-829; August, 
1947.) Design considerations and description of 
a broad-band water load for operation in the 
frequency band 1000 to 3000 Mc. at input levels 
within the range 5 to 150 watts. Dimensions are 
9 inches long by three-eighths inch in diameter. 
See also 2172 of 1947 (Shaw and Kircher). 

621.317.41  175 
A Method of Measuring Magnetic Permea-

bility for Weak Fields and a Wide Range of 
Frequencies —I.  Epelbolm.  (Compt.  Rend. 
Acad. Sci. (Paris), vol. 225, pp. 535-537; Sep-
tember 29, 1947.) An account of the method 
used at the Sorbonne and at the Laboratoire 
National de Radioelectricite. The demountable 
coil previously described (797 of 1947) can be 
used for frequencies up to 12 Mc. in the most 
favorable case. A new coil extends the range to 
25 Mc. and two others now under construction 
should enable mesaurements to be made to 100 
Mc. Preliminary results are quoted for pow-
dered-iron cores of low p and relatively large 
cross section and for permalloy strip. 

621.317.41  176 
A Permeameter for Magnetic Measure-

ments on High Permeability Material —W. J. 
Carr, Jr. (Phys. Rev., vol. 72, p. 530; September 
15, 1947.) Summary of Amer. Phys. Soc. pa-
per. The magnetic force is measured by placing 
a small winding with a high permeability core 
very close to the surface of the test specimen. 

The core is energized with a.c. above the knee 
of its magnetization curve and the second har-
monic of the voltage is a measure of the field in 
the specimen. 

621.317.42621.317.755  177 
A Cathode-Ray B-H Tracer—J. Zamsky. 

(Elec. Eng., vol. 66, pp. 678-680; July, 1947.) 
Two coils are used to pickup voltages from the 
test sample in a magnetic circuit and apply 
them by means of an electronic circuit to the 
vertical (flux density B) and the horizontal 
(magnetic intensity H) sets of deflecting plates 
of the cr. tube. The B coil encloses the sample, 
the H coil is inside it. The magnetic properties 
are deduced from photographs of the c.r. 
traces. See also 2247 of 1946 (Long and McMul-
len). 

621.317.43  178 
Apparatus for Measuring Power Loss in 

Small Ferromagnetic Samples Subject to an 
Alternating Magnetic Field —K. H. Stewart. 
(Jour. Sci. Instr., vol. 24, pp. 159-162; June, 
1947.) For samples about 15 centimeters by 
1 centimeter by 0.03 centimeter. Includes a 
B . meter and a wattmeter in which the a.c. 
quantities to be measured are balanced against 
d.c. quantities, thus allowing all readings to be 
made on d.c. meters. 

621.317.7  179 
Electrical  and  Acoustical  Instruments 

shown at the Physical Society's Exhibition 
[1.941 —T. B. Rymer. (Jour. Sci. Instr., vol. 
24, pp. 148-151; June, 1947.) An account of a 
few of the exhibits, including the following: — 
(a) A spectrum analyzer for the output of a 
klystron, using a cavity resonator whose piston 
is vibrated by a loudspeaker unit, causing the 
resonance frequency to vary harmonically. The 
output from the wavemeter is applied to the 
y-plates of a c.r.o. whose x-plates are fed from 
the a.c. source operating the loudspeaker. (b) 
A complete test set for radar installations. (c) 
A standard frequency generator capable of 
producing substantially pure frequencies of any 
integral number of kc. from 2 kc. to 10 Mc. 
with an accuracy of 3 parts in 101. (d) Count-
ing and pulse circuits. (e) Moving-coil meters, 
including a d.c. instrument of 100,000 ohms 
per volt resistance. (f) A supersonic flaw de-
tector. (g) An electroencephalograph with an 
8-pen recorder. (h) Magnetic variometers with 
sensitivity which can be adjusted from 10-4  
gauss per division upwards, the usual value 
being 3X 10-4  gauss per division. See also 3581 
of 1947 and back references. 

621.317.733  180 
A Wide-Frequency-Range Capacitance Bridge 

—R. F. Field and I. G. Easton. (Gen. Rod. 
Exper., vol. 21, pp. 1-7; April, 1947.) The 
RCA capacitance bridge Type 716-C is a 
Schering bridge circuit adapted for capacitance 
measurements up to 1000 pF over the fre-
quency range 30 c.p.s. to 300 kc., and up to 
I µF at 1 kc. 

621.317.733  181 
A V.H.F. Bridge for Impedance Measure-

ments between 20-140 Mc/s. —R. A. Soderman. 
(Communications, vol. 27, pp. 26-27; August, 
1947.) Summary of New England Radio Engi-
neering meeting paper. For measurements on 
lumped-parameter circuits, or on distributed-
parameter circuits using coaxial transmission 
lines. A modified Schering bridge circuit is 
used, whereby both the resistive and the reac-
tive components of the unknown impedance are 
measured in terms of incremental capacitances. 

621.317.733  182 
The Maxwell Bridge at Low Frequencies — 

V. A. Brown and B. P. Ramsay. (Phys. Rev., 
vol. 72, p. 528; September 15, 1947.) Summary 
of Amer. Phys. Soc. paper. The bridge has been 
used to measure inductance and a.c. resistance 
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at periods of 1 to 200 seconds. Application to 
inductances of several hundred henries, with 
solid ferromagnetic cores, is mentioned. 

621.317.738.029.5  183 
R.F. Inductance Meter—H. A. Wheeler. 

(Electronics, vol. 20, pp. 105-107; September, 
1947.) Two r.f. oscillators, one with the un-
known inductance in series and the other with 
a variable capacitance in parallel, are tuned to 
zero beat. Direct-reading accuracy is within 
1 per cent from 1 microhenry to 100 milli-
henrys. 

621.317.755:621.396.621.001.4  184 
Qualities and Defects of Alignment by the 

Oscilloscope —J. Bernhardt. (Toute to Radio, 
vol. 14, pp. 237-240; September, 1947.) A 
discussion of the various possible sources of 
error in lining up the h.f. and i.f. stages in re-
ceivers by means of a c.r.o., including the 
oscillograph itself and its associated amplifier, 
the detector, and amplifier stages of the re-
ceiver and the generator. The errors are found 
to be considerable only in extreme cases. 

621.317.757:534.442.1 
Electronic Indicator for 

quencies —Hastings. (See 5.) 

185 
Low Audio Fre-

621.317.763  186 
Wavemeter of High Accuracy—R. Aschen. 

(T.S.F. Pour Tous, 1947. vol. 23, p. 150; 
July to August, 1947.) The instrument uses a 
tuned circuit with unscreened interchangeable 
coils to give different ranges. This circuit is 
connected through small capacitors to the 
cathode and grid of a magic-eye tuning indi-
cator mounted for anode detection. Damping 
of the tuned circuit is thus suppressed, which 
accounts for the sensitivity. Heater and anode 
voltages for the indicator are provided by a 
transformer without rectification. Over-all size 
is 13 centimeters by 6 centimeters by 9 centi-
meters. 

621.317.784  187 
A Milliwattmeter for Power Measurements 

in the Super Frequency Band of 8700-10,000 
Mc/s. —\V. Rosenberg. (Jour. Sci. Instr., vol. 
24, pp. 155-158; June, 1947.) For waveguide 
measurements tor powers from 7 microwatts 
to 7 milliwatts. The power-sensitive element is 
a thermistor bead. A substitution method is 
used in which d.c. power and r.f. power are 
assumed equivalent. Since mean power is meas-
ured, the meter can be used for either c.w. or 
pulse transmissions. Estimated accuracy is 6 
per cent. 

621.317.789: 621.385.1.032.22  188 
A Calorimetric Method for Direct Measure-

ment of Plate Dissipation —R. T. Squier. 
(Elec. Eng., vol. 66, p. 927; September, 1947.) 
Summary of A.I.E.E. Dayton paper. The dis-
criminator section of an amplifier circuit is 
considered and the difficulties encountered in 
determining anode dissipation are analyzed. 
The construction and operation of the calorim-
eter used to overcome these difficulties is de-
scribed. 

621.317.79:621.3.015.33  189 
Pulse Rise and Decay Time Measurement 

—A. Easton. (Electronics, vol. 20, pp. 180-190; 
September, 1947.) The various parameters to 
be measured (rise, fall, overshot, etc.), are 
discussed briefly. A method of measurement in 
which the pulse is applied to the x-plates and 
a synchronized sinusoidal timing wave is ap-
plied to the y-plates of a c.r. tube is described. 
A differentiating circuit, operated by the pulse, 
blanks out the return trace. High accelerating 
voltages must be used to ensure that the time 
of rise or fall of the pulse occupies most of the 
tube face. See also 1599 of 1946. 

621.317.79:621.396.611.21  190 
Quartz Beat-Frequency Oscillator —A. V. 

J. Martin. (Toute la Radio, vol. 14, pp. 253-
256; September, 1947.) Full circuit details and 
lay-out of an instrument using in the fixed-fre-
quency oscillator, crystals of frequencies 2000, 
2002, 2004, 2006, and 2008 kc., any one of 
which may be selected. The variable-fre-
quency oscillator also uses a quartz crystal, 
whose frequency is varied between 999 and 
1000 kc. by altering the crystal air-gap. Fre-
quency doubling gives a range from 1998 to 
2000 kc., so that, when combined with the 
fixed-frequency oscillations, the range from 0 
to 10,000 c.p.s. is covered in 5 steps. Distor-
tion is low and stability excellent. 

621.317.79:621.396.813  191 
Distortion Meter—R. Besson. (Tonic la 

Radio, vol. 14, pp. 242-244; September, 1947.) 
Circuit details and lay-out of an instrument 
comprising supply unit, amplifier, tube volt-
meter, and a simple type of T-filter using a 
single inductance with a number of capacitors 
selected by a switch. 

621.317.79/621.397.62.001.4  192 
Visual Alignment of Television Receivers — 

M. H. Kronenberg. (Radio News, vol. 38, pp. 
64-65, 122; August, 1947.) Method of using 
an f.m. signal generator, in conjunction with an 
auxiliary c.r. tube for aligning the various 
stages. 

621.317.791  193 
Design and Construction of a Universal 

Meter —A. V. Howland. (R.S.G.B. Bull., vol. 
23, pp. 22-24; August, 1947.) The circuit dia-
gram and component values are given for a 
universal meter to measure a.c. and d.c. volt-
age, d.c. current, and resistance, using a 0-1-
milliampere moving coil meter and a 1-milli-
ampere bridge-connected instrument rectifier. 
A buzzer is incorporated for continuity testing. 

621.317.794  194 
Construction and Characteristics of Evapo-

rated Nickel Bolometers—B. H. Billings, E. E. 
Barr, and W. L. Hyde. (Rev. Sci. Instr., vol. 18, 
pp. 429-435; June, 1947.) The.bolometers de-
scribed are approximately 200 A thick and are 
evaporated on to a nitrocellulose pellicle about 
1000 A thick, which is supported on a glass 
base with a sand-blasted groove below the 
bolometer strip. A typical bolometer has a 
time constant of 0.004 second and a threshold 
of 3.3 by 10-8  watts for radiation modulated at 
30 c.p.s., the bandwidth being 100 c.p.s. 

OTHER APPLICATIONS OF RADIO 
AND ELECTRONICS 

531.775:621.317.361  195 
Measuring Speed with W WV —J. C. Coe. 

(Electronics, vol. 20, pp. 90-93; August, 1947.) 
The a.f. output of a variable-reluctance tachom-
eter generating 2000 c.p.s. at 30,000 r.p.m. 
is compared with the output of a variable-fre-
quency oscillator, which is calibrated by means 
of harmonics of the standard 440-c.p.s. signal 
broadcast by station W WV. 

539.16.08  196 
On the Rise of the Wire-Potential in 

Counters —S. A. Korff. (Phys. Rev., vol. 72, 
pp. 477-481; September 15, 1947.) An analysis 
of the factors which determine the rate of 
change of wire-potential. Experimental work in 
support of the theoretical predictions is quoted. 

551.508.1:621.396.9  197 
The Kew Radio Sonde —E. G. Dymond. 

(Proc. Phys. Soc., vol. 59, pp. 645-666; July I, 
1947.) A radio transmitter of frequency 26 to 
30 Mc. is modulated by an audio oscillator 
whose frequency is controlled in turn by tem-
perature, pressure, and humidity units. The 
modulation thus gives the values of these three 
quantities in the neighborhood of the balloon 
carrying the transmitter. A detailed description 

is given of the apparatus, and its accuracy is 
discussed. See also 4263 of 1938 (Thomas). 

621.318  198 
Applications of Magnetic Amplifiers —W. E. 

Greene. (Electronics, vol. 20, pp. 124-128; 
September, 1947.) The magnetic amplifier, 
essentially a saturated core reactor in which the 
current in an auxiliary winding controls that in 
the main winding by varying the permeability 
of the high-µ core, was first used in 1916. It 
was superseded by the electronic amplifier 
until the Germans, employing high-µ cores 
and Sc rectifiers, used it for servomechanism 
amplifiers during the war. The mechanical 
strength and low ohmic losses make the ampli-
fier suitable for many post-war applications. 
Research is proceeding to overcome the slow-
ness of response at very low frequencies, an 
inherent fault, and to produce better core ma-
terials. By using feedback, power gains of 104 
have already been obtained. 

621.319.339.027.3  199 
The Imperial College High-Voltage Gen-

erator—W. B. Mann and L. G. Grimmet. 
(Proc. Phys. Soc., vol. 59, pp. 699-730; July 1, 
1947.) "The design and construction of two 
pressure-insulated electrostatic generators simi-
lar to those of Van de Graaff and Trump are 
described briefly. Voltage tests with one of the 
generators with mixtures of nitrogen and freon 
under pressure have shown it to be capable of 
producing voltages in excess of two million." 

621.319.43:621.317.79:1531.718.4+531.787.9 
200 

A Variable Capacitor for Measurements of 
Pressure and Mechanical Displacements; A 
Theoretical Analysis and Its Experimental 
Evaluation —J. C. Lilly, V. Legallaris, and R. 
Cherry. (Jour. Appl. Phys., vol. 18, pp. 613-
628; July, 1947.) The capacitor consists of a 
fixed plane electrode and a parallel diaphragm, 
which is clamped at the edges. Small displace-
ments, volume changes, or pressure differences, 
acting upon the diaphragm, are deduced by 
electrical measurement of the resulting change 
in capacitance. 

621.365.5.001.8+621.365.92.001.8  201 
Practical Applications of H.F. Induction 

and Dielectric Heating—M. J. A. (Tonle to 
Radio, vol. 14, pp. 233-236; September, 1947.) 
A discussion of the frequencies and the various 
types of equipment suitable for particular 
purposes. 

621.365.921621.317.37+621.3.011.5  202 
Dielectric Loss at High Frequency— White-

head. (See 172.) 

621.38: 629.13.054  203 
Precision Balancing at Mass-Production 

Speed —S. Bousky. (Electronics, vol. 20, pp. 
98-104; September, 1947.) The periphery of a 
gyro rotor is stamped with a series of numbers; 
unbalance at any point is indicated when a 
stroboscopic lamp illuminates the correspond-
ing number. Full constructional details and 
operational procedure are given. A rotor can 
be balanced to within 5X 10-8  oz-inches in 2 
minutes. 

621.38/.39).001.8:629.13  204 
Electronics and Aeronautical Research — 

(Engineering (London), vol. 164, p. 91; July 25, 
1947.) An account of equipment on view at an 
exhibition arranged by the Instrumentation 
Department, R. A. E., Farnborough, includ-
ing various types of acceleration and pressure 
pickups, multichannel recording equipment, 
4-way c.r. equipment, 600-way static strain 
recording equipment, transmitting and sta-
tistical  accelerometers,  and  an  electronic 
torque-meter. See also Engineer (London), vol. 
184, pp. 85, 87; July 25, 1947. 
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621.383.001.8: 551.591: 535.247.4  205 
Visibility  Measurements by Transmis-

someter—C. A. Douglas. (Electronics, vol. 20, 
pp. 106-109; August, 1947.) The intensity of 
light incident on a phototube up to 4000 ft. 
away from a fixed 350,000-cp source is recorded 
continuously, using pulse technique. 

621.384  206 
An Electron Accelerator with an Air-Cored 

Field —R. D. Hill. (Ncaure (London), vol. 159, 
pp. 774-775; June 7, 1947.) The electric field, 
produced by a pulsed 25-centimeter magnetron, 
having recurrence frequency 100 per second 
pulse width 1 microsecond, and peak power 200 
killowatts, is fed to deco by a Lecher wire sys-
tem. The dees are 2 centimeters deep, have a 
radius of 5 centimeters and contain a tungsten 
filament and a target. The focusing static field 
is 425 gauss and the dynamic field 300 gauss 
at the peak of a sinusoidal 250-kc. oscillation. 
Absorption curves show that the inclusion of a 
dynamic field results in an increased X-ray 
yield of harder radiation. 

621.384:621.396.611.4  207 
Experiments in Multiple-Gap Linear Ac-

celeration of Electrons — W. D. Allen and J. L. 
Symonds. (Proc. Phys. Soc., vol. 59, pp. 622-
629; July 1, 1947.) Design and construction 
details of a 3-stage cavity for the acceleration 
of electrons up to 0.85 Mev. The cavity is fed 
with power from a 500-kw. magnetron operat-
ing at X 10 centimeters. 

621.384.6  208 
The Acceleration of Charged Particles to 

Very High Energies —M. L. Oliphant, J. S. 
Gooden, and G. S. Hide. (Proc. Phys. Soc., 
vol. 59, pp. 666-677; July 1, 1947.) A syn-
chrotron is being built at Birmingham Univer-
sity to accelerate protons to 1000 Mev. The 
advantages of the technique and the design of 
the magnet and its excitation are described in 
detail. Electron energies up to 300 to 400 Mev. 
are possible, higher energies being prevented 
by radiation loss. For proton energies above 
1010 e.v., the cost of this method would be 
prohibitive. For theory see 209 below. 

621.384.6  209 
Theory of the Proton Synchrotron—J. S. 

Gooden, H. H. Jensen, and J. L. Symonds. 
(Proc. Phys. Soc., vol. 59, pp. 677-693; July 1, 
1947.) The phase oscillations of an accelerated 
particle are analysed for the nonrelativistic and 
the relativistic cases. The influence and control 
of the eight significant forces on the oscillation 
amplitude are discussed. Injection and the 
consequent radial oscillations are considered. 
Numerical data and graphs for the case of the 
Birmingham synchrotron (208 above) are given. 

621.385.832  210 
A Memory Tube —Haeff. (See 326.) 

621.385.833  211 
The Design and Construction of an Electron 

Microscope —M. E. Haine. (Engineering (Lon-
don), vol. 164, pp. 20-24; July 4, 1947.) Long 
summary of I.E.E. Measurements Section 
paper giving details of the Metropolitan-
Vickers Type EM2 electron microscope. The 
general construction, the procedure for align-
ing the electron gun and magnetic lenses, and 
the operating and photographic techniques are 
described in detail. The instrument is con-
tinuously pumped, uses an accelerating voltage 
of 25-50 kv. and gives a magnification of 10,000 
diameters. 

621.385.833  212 
Improvements in the Electrostatic Micro-

scope —H. Bruck and P. Grivet. (Ann. Radio-
nee., vol. 2, pp. 244-248; July, 1947. In 
English.) Details of a smaller power unit, a 
new design of Wehnelt cylinder and anode, 
and a focusing system involving no mechanical 

movement. See also 3706 of 1946 and 3236 of 
1947. 

621.38-5.833  213 
A New Electron Microscope with Continu-

ously Variable Magnification —J. B. le Poole. 
(Philips Tech. Rev., vol. 9, pp. 33-45; 1947.) 
An electron microscope constructed at Delft in 
1944 is fully described and compared with 
previous models. Its resolving power is 25 A 
and its magnification is continuouslly variable 
from 1000 to 80,000 diameters. Various applica-
tions are mentioned. 

621.385.833  214 
Influence of Mechanical Defect of the Ob-

jectives on the Resolving Power of the Electro-
static Microscope —F. Bertein, H. Bruck, and 
P. Grivet. (Ann. Radionee., vol. 2, pp. 249-
252; July, 1947. In English.) A mathematical 
analysis of the dependence of resolving power 
upon aberration constant, two values of which 
correspond to (a) ellipticity defects and (b) off-
center defects. See also 3236, 3238, 3613, and 
3614 of 1947. 

621.385.833  215 
A Space-Charge Lens for the Focusing of 

Ion Beams —D. Gabor. (Nature (London), vol. 
160, pp. 89-90; July 19, 1947.) Suggested de-
sign for a powerful concentrating lens for posi-
tive ions, particularly those of extreme energy. 
Means are described for maintaining a suitable 
space charge inside a hollow cylinder using 
electrons derived from an auxiliary ring-shaped 
cathode. The focal length of the lens is ex-
pected to increase only linearly with the energy 
of the ion beam, and the design should enable 
lenses of relatively short focal length to be 
made. 

621.385.833  216 
Spherical Aberration of Compound Mag-

netic Lenses —L. Marton and K. Bol. (Jour. 
Appl. Phys., vol. 18, pp. 522-529; June, 1947.) 

621.386.1  217 
X-Ray Tube with Very Bright Line Focus — 

M. Poittevin. (Compt. Rend. Acad. Sci. (Paris), 
vol. 224 pp 1709-1711; June 16, 1947.) De-
tails of a tube with curved filament located in a 
groove cut across the face of a semicylindrical 
concentration piece. The apparent brightness is 
30 kimm.2 when the apparent dimensions of 
the focus are those of a square of side 0.1 mm, 

621.396.9:623.26  218 
Metal Locator with Remote Field Source — 

(Beama Jour., vol. 54, p. 271; August, 1947.) 
Description and photograph of ERA Mine 
Locator No. 7. The magnetic field is generated 
by a cable fed by ac. and laid on the ground in 
a large loop, instead of by the search unit. 
Therefore, its operating range is not limited by 
the magnetic properties of the ground. 

621.396.9:623.454.25  219 
The Radio Proximity Fuse —H. M. Bonner. 

(Elec. Eng., vol. 66, pp. 888-893; Septem-
ber, 1947.) 

623.978+ 550.8381: 538.71  220 
Air-Borne Magnetometers —E. P. Felch, 

L. G. Parratt, W. J. Means, L. H. Rumbaugh, 
T. Slonczewski, and A. J. Tickner. (Elec. 
Eng., vol. 66, pp. 680-685; July, 1947.) An in-
ductor with an open core of highly permeable 
and easily saturable material, such as permal-
boy, is placed in the unknown field, with a 
superposed sinusoidal magnetomotive force 
large enough to saturate the core. The time 
variation of the core flux induces an e.m.f. in a 
coil surrounding the core; this e.m.f. is fed into 
an electronic circuit and there analyzed. The 
sensitivity increases with the length of the 
core, but is limited by the highest impedance 
which can be maintained at the grid of the 
first tube with satisfactory stability. With a 

1.5-inch length, the sensitivity exceeds 10 
microvolts/7 (17=10-6  oersted). The detector-
inductor is kept parallel to the magnetic field by 
the controlling action, through servomotors, of 
two auxiliary inductors. The apparatus records 
variations in the sum of the squares of the out-
puts of all three inductors, hence giving the 
variations of the unknown field. See also 3245 
of 1947 (Shackelton). 

621.365.5+621.365.92  221 
Theory and Application of Radio-Frequency 

Heating [Book Reviewl —G. H. Brown, C. N. 
Hoyler, and R. A. Bierwirth. D. Van Nostrand, 
New York, 1947, 370 pp., $6.50. (Electronics, 
vol. 20, pp. 258, 260; September, 1947.) 

621.38/.391.001.8  222 
Electronic Developments [Book Review) — 

R. G. Britton. George Newnes, London, 206 
pp., 7s. 6d. (Electronic Eng. (London), vol. 19, 
p. 268; August, 1947.) "This book will be of 
value even to those already acquainted with 
many applications of electronic science, and a 
well-balanced survey of such an important sub-
ject is something new in more than one sense." 

PROPAGATION OF WAVES 

538.566  223 
Calculation of the Interaction between Two 

Particles from the Asymptotic Phase—C. E. 
Froberg. (Phys. Rev., vol. 72, pp. 519-520; 
September 15, 1947.) Proof that it is formally 
possible to calculate the potential from the 
asymptotic phase of a wave function. Con-
vergence is not considered. A fuller account 
will appear in Ark. Mat. Astr. Fys. 

538.566:621.396.11  224 
The Field of a Microwave Dipole Antenna in 

the Vicinity of the Horizon —C. L. Pekeris. 
(Jour. Appl. Phys., vol. 18, pp. 667-680; 
July, 1947.) Three cases are treated in which 
the transmitter or receiver is either on the 
ground or elevated. For very short waves, the 
field at points on the horizon approaches that 
of the direct wave diffracted by a straight edge 
at the point of tangency. The results are com-
pared graphically with the exact theory of van 
der Pol and Bremmer (2249 of 1939 and back 
references). When both transmitter and re-
ceiver are on the ground, the potential can be 
expressed as the sum of a surface wave for a 
flat earth and an integral depending upon the 
earth radius, these two terms tending to cancel 
at large distances. 

538.566.2  225 
The Structure of an Electromagnetic Field 

in the Neighbourhood of a Cusp of a Caustic — 
T. Pearcey. (Phil. Mag., vol. 37, pp. 311-317; 
May, 1946.) "A detailed mathematical and 
numerical study of the field structure at and 
near a line focus of a cylindrical electromag-
netic wave train possessing any finite amount of 
cylindrical aberration of the first order." 

621.396.11  226 
A Method for Calculating Electric Field 

Strength in the Interference Region—H. E. 
Newell, Jr., (Paoc. I.R.E., vol. 35, p. 777; 
August, 1947.) Brief summary only. For an 
interference region, over a spherical earth, 
which has an effective radius equal to four-
thirds that of the earth. The accuracy is 
limited by the great number of graphical steps 
involved, but the procedure has given "very 
useful working estimates." 

621.396.11  227 
Circularly Polarized Waves Give Better 

F.M. Service Area Coverage —T. B. Fried-
man. (Tele-Tech., vol. 6, pp. 26-30, 102; 
August, 1947.) A discussion of the theory and 
practical applications of circularly polarized 
radiation, and its advantages in certain cases 
of f.m. reception. 
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621.396.11:551.510.535  228 
Some Observations of the Maximum Fre-

quency of Radio Communication over Dis-
tances of 1000 km and 2400 km — W. J. G. 
Beynon. (Proc. Phys. Soc., vol. 59, pp. 521-
534; July 1, 1947. Discussion, p. 535.) The 
maximum usable frequencies for radio trans-
mission from short-wave broadcasting stations 
near Berlin and Moscow were deduced from 
observations at Slough of the field strength 
variations around sunrise and sunset. The 
results were compared with theoretical values 
deduced from vertical-incidence ionospheric 
measurements at Slough and at Burghead 
(Scotland), and the mean discrepancies of the 
calculated values with respect to those ob-
served were found to be —3 per cent for 
Berlin and —11 per cent for Moscow. 
A discussion is given of the factors involved 

in applying vertical incidence ionospheric data 
to oblique incidence transmission, and it is 
concluded that the main source of the dis-
crepancy lay in the inadequate knowledge of 
ionospheric conditions at the midpoint of the 
trajectory. 

621.396.11: 551.510.535  229 
A Frequency Prediction Service for South-

ern Africa —F. J. Hewitt, J. Hewitt, and T. L. 
Wadley. (Trans. S. Air. Inst. Elec. Eng., vol. 
38, part 7,•pp. 180-193; July, 1947. Discussion, 
pp. 193-197.) A discussion of existing facilities 
and the proposed short-term predictions of 
ionospheric disturbances. The nature of the 
observed data and the prediction methods are 
described. As local data over a number of years 
do not exist, back data from Australian records 
are used, suitably modified according to 
present observations in South Africa. A new 
design of recorder uses a double superhetero-
dyne transmitter-receiver. The frequency is 
swept from a few hundred kilocycles to 20 Mc. 
in one band; the only moving part is the rotor 
of the main sweeping oscillator. Automatic fre-
quency calibration is provided. The complete 
sweep takes 10 seconds and the display on a 
long afterglow c.r. tube is suitable for visual or 
fully automatic photographic recording. 

621.396.11:551.510.535  230 
How Daytime Skywave Reflections Affect 

Cleared Channels —(Tele-Tech, vol. 6, pp. 45-
47; August, 1947.) Report on a conference 
organized by the F.C.C. at which evidence was 
produced suggesting that day-time sky-wave 
reflections could cause interference in the 550 
to 1600 kc. band. Little information was avail-
able as to why this occurred. 

621.396.81:621.396.712  231 
A Developmental F. M. Broadcast Station — 

Honnell. (See 269.) 

621.396.812.3: 621.397.5: 551.594.21  232 
Television and Thunderstorms —E. G. Hill. 

(Wireless World, vol. 53, p. 344; September, 
1947.) Increased television signal intensity 
from a station 90 miles away, two or three 
hours prior to a thunderstorm, has been ob-
served. 

RECEPTION 

621.396.61/.621:621.396.931  233 
F. M. Receiver Design for Rail Radio Serv-

ice —Martin. (See 309.) 

621.396.61/.621].029.6  234 
Transmitter-Receiver,  280-330  M O.— 

Dieutegard. (See 308.) 

621.396.619+621.396.621.54  235 
Heterodyning  and  Modulation —C.  J. 

Mitchell. (Wireless World, vol. 53, p. 359; 
October, 1947.) A simplified comparison of 
additive and multiplicative mixing, indicating 
that both frequency changing and modulation 
are multiplicative processes, irrespective of the 
method employed 

621.396.619:621.396.662  236 
Design of Tuners for A. M. and F. M. —L. M. 

Hershey. (Tele-Tech, vol. 6, pp. 58-59, 95; 
August, 1947.) "Automatic frequency control, 
using dual triode as oscillator and reactance 
tube corrects for mistuning and drift; push-
button tuning." See also 237 below. 

621.396.619.13: 621.396.621  237 
F. M. Reception Problems and Their Solu-

tion —(Electronics, vol. 20, pp. 108-113; Sep-
tember, 1947.) A summary of the following 
I.R.E. Section papers. Antennas for F.M. 
Receivers, by N. W. Aram. R.F., I.F. and 
A.F.C. Circuits, by L. M. Hershey. Limiters 
and Frequency Detectors, by M. Hobbs. 

621.396.621 +621.396.69  238 
British Printed and Sprayed Circuits — 

(Tale- Tech, vol. 6, pp. 52-53, 97; August, 1947.) 
Summary of 1913 of 1947 (Sargrove). 

621.396.621  239 
Adjustable-Bandwidth F.M. Discriminator 

— W. G. Tuller and T. P. Cheatham, Jr. 
(Electronics, vol. 20, pp. 117-119; September, 
1947.) The performance of a Foster-Seeley 
discriminator (2543 of 1937), in which the 
conventional pentode drive is replaced by a 
cathode follower, is analyzed and discussed. 
4 to 1 variation of bandwidth is readily ob-
tained, and the normalized output is inde-
pendent of bandwidth. The arrangement is, 
however, liable to be less sensitive than the 
pentode drive for large derivations, and larger 
bandwidths are required for a given amount of 
distortion. Experimental results and a circuit 
operating on 60 Mc. are given. 

621.396.621  240 
Cathode-Coupled Converters for Surplus 

Receivers —J. H. Bender. (QST, vol. 31, pp. 
37-42; August, 1947.) A single-tube crystal-
controlled adaptor for 28 Mc.; the principle 
can be extended to higher frequencies. The 
tuning controls and calibration of the BC-779 
receiver remain unaltered. A twin triode in the 
converter acts as a fixed tuned-oscillator mixer. 
Its output is cathode-coupled to the receiver, 
which then functions as a tunable i.f. amplifier. 

621.396.621:371.3  241 
Broadcast Reception for Schools —( Wire-

less World, vol. 53, pp. 327-329; September, 
1947.) A description of an "approved" installa-
tion. The power amplifiers are capable of 20 
watts output, although an output of 300 milli-
watts is found to be sufficient for one classroom. 
The effective frequency range of the installation 
including the loudspeaker, is 60 to 8000 c.p.s. 

621.396.621: 629.114.6  242 
Radio Receivers for Motor Vehicles —G. 

Giniaux. (T.S.F. Pour Tous, vol. 23, pp. 151-
155; July to August, 1947.) A general account 
of typical rotary-converter and vibrator h.v. 
supplies, aerials, noise suppressors, etc., with 
brief particulars of a number of commercial 
sets. 

621.396.621.001.4: 621.317.755  243 
Qualities and Defects of Alignment by the 

Oscilloscope —Bernhardt. (See 184.) 

621.396.621.029.62+621.396.662.029.62  244 
Design of P.M. Receiver Front Exids —A. 

R. Miccioli and D. Pollack. (Tale-Tech, vol. 6, 
pp. 40-43; July, 1947.) Development of tuners 
and methods of reducing frequency drift of 
local oscillators. See also 3259 of 1947 (Miner). 

621.396.621.029.62  245 
Experimental Findings in Connection with 

the Design of V.H.F. Frequency-Modulation 
Receivers —R. S. Zucker. (Paoc. 1.R.E. (Aus-
tralia), vol. 8, pp. 19-24; June, 1947.) Data 
obtained from actual practical experience are 
applied to specific problems encountered in the 
various stages. No systematic general treat-
ment is attempted. 

621.396.621.029.62  246 
Harvey Double Superheterodyne F.M. Re-

ceiver—B. J. Cosman and A. W. Richardson. 
(FM and Telev., vol. 7, pp. 21-24, 52; June, 
1947.) Circuit details and description of a 
commercial receiver covering the frequency 
range 85 to 115 Mc. with a bandwidth of 
250 kc. Limiter action occurs at 1 microvolt 
aerial input and the i.f. frequencies are 10.7 Mc. 
and 4.6 Mc., the latter being crystal controlled. 
Audio amplifier response is linear from 20 to 
15,000 c.p.s. 

621.396.621.53  247 
Simple Converter-Preselector—F. C. Jones 

(CC), vol. 3, pp. 31-34, 70; June, 1947.) "A 
unit to give broadcast band, 15- 10- and 6-meter 
coverage, as well as preselection on other 
bands, for a receiver with limited tuning 
range." 

621.396.622.71  248 
Ratio Detector for F. M. Signals —( Tale-

Tech, vol. 6, pp. 46-49; July, 1947.) Modifica-
tions to the balanced discriminator circuit for 
conversion from f.m. to a.m. are described 
which make it independent of input amplitude 
variations due to fading, to multipath reflec-
tion effects, to selectivity effects in the r.f. or 
i.f. stages or to unbalances in the detector itself. 
See also 3643 of 1947 (Seeley and Avins). 

621.396.722  249 
The Development of a Receiving Station for 

the B.B.C. Monitoring Service —R. D. A. 
Maurice and C. J. W. Hill. (BBC Quart., vol. 2, 
pp. 105-128; July, 1947.) A detailed description 
with circuit diagrams and photographs of the 
war-time development of the B.B.C. monitor-
ing receiving stations first at Evesham, and 
later at Caversham and Crowsley. The object 
of the service was to listen to all forms of 
foreign broadcast, and distribute the informa-
tion obtained to Government departments. At 
Evesham the stronger signals were received by 
omnidirectional aerials, amplified, and con-
veyed by buried coaxial cables to receivers re-
motely located in a region relatively free from 
interference; directive aerials were used for the 
weaker, long-distance signals. At Caversham 
and Crowsley an improved "amplified aerial 
system" supplied over 100 receivers; 8 wide-
band octave amplifiers fed 3 coaxial lines so 
that the frequency bands on any one line were 
at least 2 octaves apart. 

621.396.722:621.396.65  250 
A Traffic Receiver: The RECRO 451 — 

Juillet. (See 264.) 

621.396.822: 538.523  251 
Electromagnetic Background Noise due to 

Sea Waves —Y. Rocard. (Coin pt. Rend. Acad. 
Sci , (Paris), vol. 225, pp. 50-51; July 7, 1947.) 
Sea waves may give rise to such noise owing to 
the periodic motion of their conductive ele-
ments in the earth's magnetic field. The effect 
may be appreciable for 1.f. reception; its 
magnitude is calculated approximately. 

621.396.822:621.317.755  252 
Random Fluctuations in a Cathode Ray 

Oscillograph —N. R. Campbell and V. J. 
Francis. (Phil. Mag., vol. 37, pp. 289-310; 
May, 1946.) A mathematical paper. The basis 
for the treatment employed is that noise is the 
resultant of superposed effects of events that 
occur at random times. The chance IV(y)dy 
is calculated that the deflection of the trace at 
a snap reading is between y and y+dy. The 
mean frequency with which the trace cuts a 
given level, and the mean frequency of "peaks" 
and "troughs" at a given level, are calculated. 
The intractable problem of determining the 
duration of a "hill" above a given level is dis-
cussed. A final section briefly indicates a pos-
sible method of representing the reaction be-
tween any steady signal present and the noise. 
See also 1037 of 1946. 
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621.396.823  253 
Ignition Interference: Part 1. Its Nature, 

Magnitude and Measurement —W. Nethercot. 
(Wireless World, vol. 53, pp. 352-357; October 
1947.) A comprehensive account of unpublished 
reports by the Electrical Research Association 
on the mechanism of the ignition spark and the 
field strength of the radiation. Curves and 
tables are given of the variation of field strength 
with frequency up to 650 Mc., distance, 
azimuth, and polarization. Factors affecting 
the fundamental radiation, such as the position 
and length of the ignition leads, are discussed. 
See also 4020 of January (Turney). 

621.396.828  254 
Curing Interference to Television Recep-

tion —M. Seybold. (QST, vol. 31, pp. 19-23, 
110; August, 1947.) A detailed account of 
methods of harmonic suppression applied to a 
14-Mc, transmitter to improve a neighbor's 
television reception. Full-power transmitter 
operation was subsequently possible. 

621.396.828:621.396.1  255 
Installations for Improved Broadcast Re-

ception —P. Cornelius and J. Van Slooten. 
(Philips Tech. Rev., vol. 9, pp. 55-63; 1947.) 
A method of diversity reception is used to elim-
inate selective fading. Three identical sets of 
receiving equipment are situated about 2 kilo-
meters apart. Voltages Ei, ES, and Es, which in-
crease with the signal strength, are fed from 
each of the receivers to the corresponding tubes 
Vs, Vs and V: of a three-tube switching circuit 
of the Eccles-Jordan type, of which a diagram 
is given. If Es is the greatest of the voltages, 
the switching circuit is only stable with Vs 
carrying a high anode current and 172 and Vs 
carrying practically no anode current. 

Interference from other transmitters on 
neighboring frequencies is counteracted by 
using directive frame aerials. The freedom from 
disturbance thus obtained enables the band-
width of the receiving set to be increased, thus 
improving the quality of the reproduction. 

621.396.621.004.67  256 
Most-Often-Needed 1947 Radio Diagrams 

and Servicing Information [Book Reviewl — 
M. N. Beitman (Ed.). Supreme Publications, 
Chicago, 1947, 189 pp., $2.00. (Pa m. I.R.E., 
vol. 35, p. 806; August, 1947.) Continuation of 
1056 of 1947. The period covered is the latter 
part of 1946 and early 1947. 

STATIONS AND COM MUNICATION 
SYSTEMS 

621.395.43:621.392.029.64  257 
The  Exploitation of  Micro-Waves for 

Trunk  Wave-Guide  Multi-Channel  Com-
munications—H.  M.  Barlow. (Jour.  Brit. 
I.R.E., vol. 7, pp. 251-257; October, 1947. 
Discussion, pp. 257-258.) The use of the 1/01 
waves in a cylindrical waveguide at 40,000 
Mc. is suggested. Attenuation would be about 
6 db per mile, making repeaters at 8-mile 
intervals necessary when using a I.5-inch 
diameter copper waveguide. The repeaters 
would convert the carrier to a lower frequency 
and, after amplification, use this signal to re-
modulate a new carrier on 40,000 Mc. Thou-
sands of speech channels on a single wave-
guide would be possible. 

The waveguide might also be used as a 
132-kv., 50-c.p.s. power line. 

621.395.43: 621.396.619.16  258 
Pulse Code Modulation Method for Multi-

Channel Telephony —R. R. Batcher. (Tele-
Tech, vol. 6, pp. 28-33; July, 1947.) Descrip-
tion of a system of modulation in which the 
variations of amplitude of the speech wave con-
trol the amplitude of short pulses at a sampling 
rate that will give at least two pulses per cycle 
at the highest audio frequency, but many more 

at the lowest. The pulse amplitude variations 
are transmitted over the system by a special 
five-digit code permitting the handling of 32 
levels. Coding and decoding methods are de-
scribed. The system is stated to be distortion-
less and free from cumulative noise effects on 
long circuits. For another account of this 
system by H. S. Black, see Bell Lab. Rec., vol. 
25, pp. 265-269; July, 1947. 

621.396(99)  259 
Electronics in the Antarctic —H. C. Bailey. 

(Electronics, vol. 20, pp. 82-88; August, 1947.) 
An account of the apparatus used and the diffi-
culties met on a United States Navy expedi-
tion. Includes radar and sonar for ships among 
icebergs, radar and G.C.A. (ground controlled 
approach) for air navigation, radio for com-
munications and broadcasting, teletype and 
radio-photo and an airborne magnetometer for 
aerial surveying. 

621.396.611.21: 621.316.726.078.3:621.396.712 
260 

The Problem of Synchronization in Broad-
casting Networks —M. Toussaint and A. Sev. 
(Ann. Radialec., yd. 2, pp. 253-269; July, 
1947.) A general discussion, with a critical ex-
amination of the different factors affecting the 
stability of a quartz oscillator. The syn-
chronization equipment of the Societe Fran-
vaise Radioelectrique is described. This uses 
crystals of frequency between 90 and 130 kc. 
with suitable multiplication stages, and a fre-
quency stability of the order of 10-8  is achieved 
by use of a novel thermostat. Control ap-
paratus for aligning a slave station to the net-
work master frequency with high accuracy uses 
a stroboscopic phase-meter. 

621.396.619.11/.13:621.396.97  261 
The Relative Merits of Frequency Modula-

tion and Amplitude Modulation as Applied to a 
Broadcasting Service —B. J. Stevens and E. J. 
Middleton. (Trans. S. Afr. Inst. Elec. Eng., 
vol. 38, pp. 141-157; May, 1947. Discussion, 
pp. 157-162.) A comprehensive review of the 
two types of modulation is followed by some 
details of the development of f.m. broadcast 
equipment by the South African Broadcasting 
Corporation. 

621.396.65  262 
Mobile V.H.F. Radio Telephone —(Elec-

trician, vol. 139, p. 117; July 11, 1947.) A de-
scription of a single-unit transmitter-receiver 
having a maximum current consumption of 10 
amperes from a 12-volt heavy duty battery 
and output of 6 watts on any limited frequency 
band in the v.h.f. range. Either a.m. or f.m. 
can be used. The equipment weighs 16 and two 
thirds pounds, and its overall dimensions are 
9 and three quarter inches by 7 and three 
quarter inches by 8 inches. 

621.396.65  263 
A Frequency-Modulated  Multi-Channel 

V.H.F. Radio Link —E. S. Teltscher. (Elec-
tronic Eng. (London), vol. 19, pp. 256-258; 
August, 1947.) A f.m. adaptor is used in place 
of the ordinary modulator, in order to obtain a 
higher .degree of linearity and reduce cross talk 
between the channels. 

621.396.65: 621.396.722  264 
A Traffic Receiver: The RECRO 451 —M, 

Juillet. (Ann. Radialec., vol. 2, pp. 270-282; 
July, 1947.) The functions of a central receiving 
station for long-distance radiotelephony and 
radiotelegraphy are outlined and an account is 
given of diversity receiving equipment con-
structed by the Societe Fransaise Radio-
electrique. 

621.396.65:621.397.5  265 
Television Extensions —(See 297.) 

621.396.65.029.64  266 
Early Centimetre-Wave  Communication 

Systems —J. C. Dix. (Engineering (London), 
vol. 163, p. 489; June 13, 1947.) A brief outline 
of development up to 1941, including a 15-mile 
9-centimeter R/T land link used for joint re-
search by the Admiralty Signal Establishment 
and the G.E.C. in 1941, and Army Wireless 
Set No. 10. 

621.396.712  267 
Modern A.M. Broadcast Station Arrange-

ment —(Tele-Tech, vol. 6, pp. 38-39; July, 
1947.) Illustrations of the 50-kw. equipment at 
Omaha. 

621.396.712:621.396.61  268 
Mountain-Top F.M. Installation —M. Cady. 

(Communications, vol. 27, pp.  12-13, 39; 
July, 1947.) Description of the installation of a 
3-kw. transmitting station with 3-bay turn-
stile aerial on top of a mountain. Results of 
preliminary trials are given. 

621.396.712:621.396.81  269 
A Developmental F.M. Broadcast Station — 

M. A. Honnell. (Communications, vol. 27, pp. 
20-21; July, 1947.) A 1-kw. 99-Mc, experi-
mental aerial was placed on a 45-foot tower 
1080 feet above sea level. Propagation measure-
ments to determine f.m. coverage are still in 
progress; the area is wooded and hilly. 

621.3 96.721+621.395.623.81:625.232  270 
Passenger Entertainment Systems for Rail-

road Use —J. A. Curtis. (Tele-Tech., vol. 6, pp. 
34-37, 97; July, 1947.) Equipment giving 
radio or wire recorder programs and train an-
nouncements. 

621.396.86:621.397  271 
Secret Message Transmission by Facsimile 

—(Telegr. Teleph. Age, vol. 65, pp. 8-30; 
August, 1947.) Secrecy is achieved by "scram-
bling" the transmission, the scanning drum 
being driven at varying speeds by a syn-
chronous motor which follows frequency varia-
tions in the supply current. The scrambler 
frequency generator consists of three chopper 
disks or wheels driven at constant but dif-
ferent speeds. Each chopper wheel has a series 
of perforations whose spacing determines the 
frequency of impulse pickup in associated 
photoelectric cells. The outputs from these 
cells are mixed and multiplied to obtain a 
mean frequency of 1800 c.p.s., giving a supply 
current which may be used to drive the scan-
ning drum either for scrambling or unscram-
bling. 

621.396.931/.932  272 
Mobile Radio-Telephone —( Wireless World, 

vol. 53, p. 357; October, 1947.) For police and 
fire services. The compact a.m. unit receives 
power from a 12-volt car battery, and the trans-
mitter has an output of 10 watts in the 78- to 
100-Mc. band. The receiver is a pre-tuned 
double superheterodyne using the funda-
mental and the third harmonic of a crystal 
oscillator, the first i.f. being about 45 Mc. and 
the second if. 5 Mc.; bandwidth is 50 kc. at 
—3 db, to permit reception of transmissions 
from several headquarters in different loca-
tions on slightly different frequencies using a 
common modulation source. The same re-
ceiver with a different power unit is used for 
the fixed headquarters' installation, where 
the transmitter delivers about 50 watts r.f. to 
the aerial. See also Elec. Rev. (London), vol. 
141, p. 174; August I, 1947; Engineering, 
(London), vol. 164, p. 138; August 8, 1947, and 
2246 of 1947 (Austin). 

621.396.931/.932  273 
Two-Way Broadcast Via Train-to-Station 

to Ship-at-Sea Link—D. E. Noble (Com-
munications, vol. 27, pp. 8-11; July, 1947.) 
Description of a v.h.f. link used between a 
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train and a radio station for the purpose of a 
broadcast from the train to a ship at sea. A 
phase-modulated duplex system working on 
frequencies in the region of 160 Mc. was used 
and contact was maintained for distances up to 
15 miles from the radio station. 

621.396.931.029.62  274 
Mobile  F.M.  Communications  Equip-

ment for 30 to 44 M O: Part 2—R. B. Hoff man 
and E. W. Markow. (Communications, vol. 27, 
pp. 34-35; August, 1947.) Conclusion of 3665 
of 1947. 

621.396.933:621.398  275 
Telecontrol of Aeradio Ground Station Re-

ceivers —J. E. Benson and W. A. Colebrook. 
(Paoc. I.R.E. (Australia), vol. 8, pp. 8-15; 
June, 1947.) A general discussion of radio 
communication services for civil aviation was 
given by Newstead (3425 of 1946). A crystal 
locked 3-channel telecontroled receiver installa-
tion operating in the 0.3-, 3-, and 6-Mc, fre-
quency bands is described. The outputs from 
the receivers are conveyed over three inde-
pendent telephone lines which also serve for 
the d.c. potentials used for switching from c.w. 
to speech, and for switching on and off the 
power supply and preset test oscillator. 

SUBSIDIARY APPARATUS 

621-526:621.396.615.14  276 
Automatic Frequency Control of Micro-

wave  Oscillators —V.  C.  Rideout.  (Paoc. 
I.R.E., vol. 35, pp. 767-771; August, 1947.) A 
technique applicable to any type of tunable 
microwave oscillator is described. In this 
method, a servomechanism is used which in-
cludes a waveguide discriminator circuit, a 
mercury-contact relay which vibrates at 60 
c.p.s and is used to convert the discriminator 
output into 60-c.p.s. square waves, a 60-c.p.s. 
amplifier and a small 2-phase induction motor. 
A stability of 1 part in 50,000 is obtainable. 
The application of the technique to micro-
wave repeater operation is described. 

621.314.58  277 
A D.C. Mains-Operated Vibratory In-

verter —E. E. Cornelius. (Paoc. I.R.E. (Aus-
tralia), vol. 8, pp. 16-18; June, 1947.) Using 
the potential gradient across a charging ca-
pacitor in opposition to the applied voltage, and 
a suitable LC product to conform to the vi-
brator frequency, the potential applied across 
the contacts of a vibrator can be reduced to a 
low value before contact break, minimising 
arcing, and enabling vibrators to be used on 
power-supply voltages. 
An interference-free unit has been con-

structed on this principle, to operate from 220-
volts d.c. mains and to provide 500 watts of 
a.c. energy at 250 volts. The conversion effi-
ciency was 65 to 80 per cent over the operating 
range of load resistance. R.f. interference was 
easily suppressed to a level adequate for the 
operation of a commercial communications re-
ceiver at maximum sensitivity on all bands, 
with the remaining noise down to residual 
receiver noise level. 

621.317.722.1.076.8  278 
An Inductively Coupled Degenerative High 

Voltage  Stabilizer—R.  Pepinsky  and  P. 
Jarmotz. (Phys. Rev., vol. 72, p. 529; Septem-
ber 15, 1947.) Summary of Amer. Phys. 
Soc. paper. The d.c. connection between the 
series-tube grid circuit and the input error 
voltage leads to insulation problems in very-
high-voltage supplies. These are overcome by 
allowing the control amplifier to modulate a 
2-Mc. oscillator whose output passes through a 
transformer before being rectified and applied 
to the grid of the series tube. The transformer 
is designed to withstand the required high 
voltage across the windings. 

621.318.572  279 
An Electronic Multicircuit Breaker —G. D. 

Hanchett, Jr. (QST, vol. 31, pp. 34-36; August, 
1947.) Simple overload protection for trans-
mitting gear. 

621.318.572: 621.398  280 
R.F. Operated Remote Control Relay —D. 

G. Fink. (Electronics, vol. 20, pp. 114-116; 
September, 1947.) The relay, which consumes 
no stand-by power, responds directly to the 
current in a receiving aerial. It closes on 8 to 
10 my., r.f. It is operated by a tuned circuit 
and crystal, and actuates a power relay. It can 
be used at unattended stations or as a carrier-
failure alarm. 

621.396.68  281 
The Characteristics of Power Supplies for 

Radio Transmitters —W. E. Pannett. (Marconi 
Rev., vol. 10, pp. 33-40; April to June, 1947.) 
"Discusses the nature of the load of a radio 
transmitter on the source of power supply, and 
the economics involved in the provision of 
power from supply mains or generating plant. 
An analysis is made of the effects of voltage 
and frequency variations and cyclic disturb-
ance on the performance of transmitter equip-
ment. From these considerations, suitable toler-
ances of the supply characteristics are deduced 
for various classes of transmission." 

621.396.68: 621.314.222  282 
The Theory and Practice of Constant Volt-

age Transformers for Radio Power Supplies: 
Part 1—R. H. Burdick. (Marconi Rev., vol. 10, 
pp. 59-71; April to June, 1947.) The reasons 
for using constant voltage transformers are 
discussed. The use of a bucking winding, to 
reduce the operating flux density for the satu-
rated iron-cored reactors required for these 
transformers, is explained. The effect of the 
ratio of the bucking winding to the main wind-
ing on the stabilized output voltage is con-
sidered and a series capacitor scheme is out-
lined. For constant voltage operation, the 
product  is constant. For the stabilized 
condition, the secondary voltage is inde-
pendent of the number of primary turns. The 
effect of frequency is indicated. Types of iron 
circuit and typical loss figures are reviewed. 
Power factor control is shown to depend on 
the number of primary turns. 

621.396.682:621.316.722.1  283 
Low-Voltage  [high  current]  Regulated 

Power Supplies —F. W. Smith, Jr., and M. C. 
Thienpont. (Communications, vol. 27, pp. 22, 
43; July, 1947.) Voltage regulation obtained 
by feeding the output voltage back through a 
d.c. amplifier to control a saturable reactor in 
the a.c. input circuit. Characteristics of a 6-volt, 
14-ampere supply are given. 

621.396.682:621.316.722.1  284 
Design of Regulated Power Source —L. L. 

Helterline, Jr.,'(Tele-Tech, vol. 6, pp. 63-65, 
107, July, 1947.) A description of the Sorensen 
Nobatron stabilized d.c. supply device. A 
bridge circuit incorporating a mains-heated, 
temperature-limited diode in one arm is used, 
and voltage variations of the a.c. supply cause 
changes of grid potential in a beam power tube. 
The corresponding anode current changes vary 
the impedance of a transformer winding con-
nected as part of a potential divider regulating 
the input to the metal rectifier. 0.5 per cent 
regulation and 1 per cent ripple voltage are 
claimed. 

62 L396.682: 621.316.722.1  285 
Voltage-Regulated  Power  Supplies —L. 

Mautner. (Elec. Eng., vol. 66, pp. 894-900; 
September, 1947.) The basic series-type regu-
lator circuit is analyzed; it can be regarded as 
a cathode follower. Methods of obtaining low 
internal impedance and low output ripple are 
discussed. Various typical reference-voltage 

connections and the necessity for a stable feed-
back amplifier are considered. Five circuits for 
specific applications are given, together with 
calculated performance data. See also 4046 of 
January (Koontz and Dilatush). 

621.396.682:621.397.62  286 
[5-kvl E.H.T. Supply for Television Re-

ceivers —C. H. Banthrope. (Electronic Eng. 
(London), vol. 19, p. 245; 1947.) The line-scan 
sawtooth wave form is applied to the control 
grid of a pentode. The sudden cutting off of the 
anode current at flyback causes a coil in the 
anode circuit to ring. The high oscillatory 
voltage generated is rectified by a diode whose 
heater power is provided by a small coil 
coupled magnetically to the ringing coil. 

621.396.69  287 
Maintenance Masts for B.B.C. —(Engi-

neer, (London), vol. 184, p. 110; August 1, 
1947.) A description of two transportable masts 
which may be quickly erected near permanent 
masts for use while maintenance work is done 
on the main installation. They are triangular, 
parallel sided, 300 feet high and insulated for 
20 kv. r.m.s. There are 18 sections of total 
weight 4 and one-quarter tons including fittings. 

778 : 621.396.619.23: 621.396.96  288 
Photographing Pulse Wave Shapes of 

Radar Modulators —L. W.  Marks. (Tele-
Tech, vol. 6, pp. 60-62; 103; July, 1947.) 
Small variations from the required shape of the 
output pulse of radar modulators may cause 
serious loss of power, double moding, misfiring, 
and frequency modulation of the associated 
transmitter. In production testing, the pulse 
wave shape is photographed for comparison 
with a standard to diagnose possible sources of 
trouble. Equipment for this purpose is de-
scribed. 

TELEVISION AND PHOTOTELEGRAPHY 

621.397(73)  289 
Facsimile is Ready for Home Use —M. B. 

Sleeper. (FM and Telev., vol. 7, pp. 19-20, 55; 
June, 1947.) In America, facsimile is now 
commercially practicable, and transmission 
standards are required. A definition of 103 lines 
per inch and a paper speed of 3.43 inches per 
minute have been agreed upon and paper 
widths of 4.1 and 8.2 inches are proposed. Re-
corders using a width of 8.2 inches are expen-
sive and require a flat frequency response range 
beyond that of the average f.m. set. Once a 
public facsimile service has been instituted, its 
use will spread rapidly. 

621.397.26  290 
V.H.F. Link for Press Photos —(Electron-

ics, vol. 20, pp. 100-102; August, 1947.) A 
mobile equipment for picture transmission 
scanning at 90 lines per minute and using an 
1800-c.p.s.a.m. tone for the picture gradations. 
Transmission time for a 5-inch by 7-inch photo-
graph is about six minutes. 

621.397.331.2  291 
Improvements in Electronic Television 

Cameras —P.  Hemardinquer. (T.S.F. pour 
Toes, vol. 23, pp. 163-165 and 191-193; July, 
August, and September, 1947.) Descriptions 
of the iconoscope or emitron, the super-
emitron, the orthiconoscope, the image orthi-
conoscope and their mode of operation; also 
of the isoscope of Barthelemy and a method 
of modulation resembling somewhat the super-
heterodyne method used in radio receivers. 

621.397.335  292 
Sync Generator Frequency Stability and 

TV Remote Pickups —W. J. Poch. (Com-
munications, vol. 27, pp. 14-39; July, 1947.) 
Locking the synchronizing generator to the 
power-supply system has advantages where 
power-supply frequency variation is small. 
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The genet ator can also be locked to a crystal 
oscillator; in this case, wire or radio links 
may be needed for maintaining a close relation-
ship between vertical blanking signals. Pulse 
timing and amplitude during switching are also 
considered. 

621.397.5  293 
The Verdict of the F.C.C. —( Tab. Franc., 

Supplement Electronique, p. 17; June, 1947.) 
(a) No color television for 5 years. (b) Im-
mediate start of black-and-white television on 
the present line standard. (c) Laboratories are 
invited to continue research in order to achieve 
an absolutely flawless color television system. 

621.397.5  294 
The French [line] Standard —(Tilh. Franc., 

Supplement glectronique, p. 17; June, 1947.) 
The Comite Mixte de Television, at the session 
of May 28, 1947, has decided (a) to maintain 
for 10 years the present line standard for the 
Paris district and (b) to put into service in 
about 2 years a high-definition standard of 
about 1000 lines. 

621.397.5:535.88  295 
A New Television Projection System —W. 

E. Bradley and E. Traub. (Electronics, vol. 20, 
pp. 84-89; September, 1947.) Combination of a 
Schmidt optical system, a new fluorescent 
phosphor, directional viewing screen, and key-
stone projection, produces at 15 inch by 20 inch 
picture of exceptional brightness and contrast. 

621.397.5: 535.88: 532.62  296 
Theoretical Studies of the Use of Quasi-

Insulating Ediophors for Large-Screen Tele-
vision Projection—H. Thiemann. (Schweiz. 
Arch. A ngew. Wiss. Tech., vol. 13, pp. 147-154, 
175-182, 210-217, and 239-252; May to 
August, 1947.) A continuation of previous 
work (3080 of 1941 and 1736 of 1942). The term 
eidophor is applied to a thin layer of a viscous 
fluid whose surface deformation can be used 
for television projection. The wiping out of the 
surface charges on the eidophor with the help 
of secondary emission is fully discussed and a 
general theory is presented of the electro-
hydrodynamical problems associated with the 
deformation of the surface of liquid eidophors 
of finite thickness. Picture production methods 
are described and stability conditions con-
sidered. See also 554 of 1947. 

621.397.5:621.396.65  297 
Television Extensions —(Elec. Times, vol. 

111, p. 675; June 12. 1947.) A brief general 
description of the 1000-Mc. link, now under 
construction to carry normal 405-line, 50-frame 
Per second signals from the Alexandra Palace to 
the relay station in Birmingham. 
Three successive optical paths will be used, 

one of 20 miles and two of 40 miles, with 80-
foot towers at the intermediate stations. For 
another account see Elec. Rev. (London), vol. 
140, p. 984; June 13, 1947. 

621.397.5: 621.396.65  298 
F.C.C. Studies TV Relays for Inter-City 

Network Systems —( Tele-Tech, vol. 6, pp. 34-
37; August, 1947.) Report of conference organ-
ized by the F.C.C. Several links are already in 
operation, and the system between New York, 
Philadelphia, Pittsburgh, and Washington is 
practically complete. The New York-Chicago 
link of 900 miles will use 35 repeaters, and an 
aerial system operating uniformly over the 
band 3700 to 4200 Mc. 

621.397.5:621.396.812.3:551.594.21  299 
Television and Thunderstorms —Hill. (See 

232.) 

621.397.62  300 
The R.C.A. Television Receiver Type 630 — 

M. Chauvierre. (Radio Franc., pp. 12-17; July, 
1947.) An account of some of the principal 
features, with a complete circuit diagram. 13 
stations having frequencies between 44 and 216 
Mc. can be received. 

621.397.62  301 
The Philips [television] Receiver with 

Screen Projection —(Radio Franc., p. 18; July, 
1947.) A short description of the projection 
system and the h.v. supply unit. 

621.397.62  302 
Bush Television Model T91 —( Wireless 

World, vol. 53, pp. 323-326; September, 1947.) 
Straight circuit for vision: superheterodyne for 
sound. Picture size is 7 and one half inches by 
6 inches. 

621.397.62  303 
Build your Own Television Receiver—L. S. 

Wecker and T. Gootee. (Radio News, vol. 38, 
pp. 45-48, 139; August, 1947.) The con-
struction and adjustment of a receiver covering 
all channels from 44 to 88 Mc., which can be 
built from the components and chassis of a 
war-surplus oscilloscope, Type BC-412, with a 
Type 5BP4 c.r. tube. 

621.397.62  304 
Television Receiver Construction: Part 8— 

(Wireless World, vol. 53, pp. 391-396; October, 
1947.) Construction and assembly details. For 
previous parts see 4056 of January and back 
references. 

621.397.62: 621.314.67  305 
Pulsed Rectifiers for Television Receivers 

— Maloff. (See 311.) 

621.397.62.001.4: 621.317.79  306 
Visual Alignment of Television Receivers — 

Kronenberg. (See 192.) 

TRANSMISSION 

621.396.61:621.396.41  307 
An Inexpensive Rig for Local Duplex 

Operation —D. D. Ralston. (QST, vol. 31, pp. 
52-53; August, 1947.) Low-power equipment 
for R/T on 11 meter. 

621.396.61/.6211.029.6  308 
Transmitter-Receiver, 280-330  Mc/s. — 

Dieutegard. (Toute la Radio, vol. 14, pp. 246-
251; September, 1947.) Three distinct units are 
included: (a) the oscillator-detector, (b) the 
amplifier-modulator and (c) the supply unit. 
The oscillator uses an acorn tube, Type 955, 
and tuning is effected by Lecher lines with a 
variable bridge, the whole system being en-
closed in a metal tube, with suitable coupling 
for the doublet aerial. Constructional and cir-
cuit details are given. 

621.396.931:621.396.61/621  309 
P.M. Receiver Design for Rail Radio Serv-

ice —D. W. Martin. (Communications, vol. 27, 
pp. 14-17, 37; August, 1947.) Circuit de-
tails of a f.m. receiver-transmitter for use in 
the band 152 to 162 Mc. The receiver has a 
modified single superheterodyne circuit using 
half-frequency mixing to reduce reradiation 
and spurious responses. Special cone-wound 
coils are used in the temperature-compensated 
i.f. transformers. Figures are given for sensi-
tivity and selectivity. 

VACUUM TUBES AND THERMIONICS 

537.533.8  310 
Present State of Knowledge of Secondary 

Electron Emission from Solids —Palluel. (See 
89.) 

621.314.67: 621.397.62  311 
Pulsed Rectifiers for Television Receivers 

—I. G. Maloff. (Electronics, vol. 20, pp. 110-
111; August, 1947.) "Brief analysis of pulsed 
cascade rectifiers used in television receivers 
indicates that no component is subjected to 
potentials substantially higher than those en-
countered per section. In a doubler, this volt-
age is about half the output voltage from the 
rectifier." 

621.383.5  312 
The Photoelectric Mechanism of Selenium 

Barrier Layer Elements —A. E. SandstrOm. 
(Phil. Mat., vol. 37, pp. 347-356; May, 1946.) 
Mott's theory of the e.m.f. of oxide photoele-
ments is applied to Se elements. See also 3593 
of 1945. 

621.385+621.396.694  313 
Tube Registry —(Electronics, vol. 20, p. 

232; August, 1947.) Characteristics of the 
6AS6G pentode voltage amplifier and the 5594 
xenon-filled thyratron. See also 3711 of 1947 
and back references. 

621.385.1.032.216  314 
Rectification Characteristics of an Oxide 

Cathode Interface —W. E. Mutter. (Phys. 
Rev., vol. 72, p. 531; September 15, 1947.) 
Summary of Amer. Phys. Soc. paper. 

621.385.1.032.216  315 
Some Electrical Properties of an Oxide 

Cathode Interface —A. Eisenstein. (Phys. Rev., 
vol. 72, p. 531; September 15, 1947.) Summary 
of Amer. Phys. Soc. paper. 

621.385.2.032.216:546.841-3  316 
Thermionic Properties of Thoria — Wright. 

(See 141.) 

621.385.1.032.22:621.317.789  317 
A Calorimetric Method for Direct Measure-

ment of Plate Dissipation—Squier. (See 188.) 

621.385.831: 537.533.8: 621.397.6  318 
Secondary-Emission Amplifier Tube —M. 

Chauvierre. (Tele-Tech, vol. 6, pp. 69-105; 
July, 1947.) A description of the construction 
and mode of operation of the EE 50 (Philips) 
single-stage, secondary-emission tube. Elec-
trons from the cathode impinge upon the 
secondary-emission cathode; the secondary 
electrons constitute the anode current. The 
transconductance (14,000 micromhos) is con-
siderably greater than that of a conventional 
tube. To prevent disturbance of the secondary-
emission process by volatilization of the 
cathode, a screen is interposed between it and 
the secondary-emission cathode. The use of 
the tube in wide-band amplifiers is mentioned. 

621.385.832  319 
A Memory Tube —A. V. Haeff. (Elec-

tronics, vol. 20, pp. 80-83; September, 1947.) 
Operation is based on secondary emission. A 
pattern is first produced, then stored, and later 
scanned on a dielectric screen, each operation 
being performed by a separate electron beam. 
Uses include the three-dimensional presenta-
tion of radar data and the automatic recording 
and reproduction of transients. 

MISCELLANEOUS 

621.396  320 
British Research in the Radio Field [Book 

Review]—I nstitution of Electrical Engineers, 
London, Is. (Electrician, vol. 139, p. 396; 
August 8, 1947: Beama-Jour. vol. 54, p. 298; 
September, 1947.) A review of work at present 
in progress. The importance of effective coordi-
nation is stressed and it is recommended that a 
bureau should be set up, possibly under the 
Department of Scientific and Industrial Re-
search, to disseminate details of research work. 



Ste e /Is a Ei9 

INCO Nickel Alloys help 

this new robot pilot "see" and correct 

tiny deviations from course 

Plunging through rough seas ... with no hand at its helm... 
a ship equipped with a Kirsten Photo-Electric Pilot clings to 
its course with uncanny accuracy. 

This robot, manufactured by the Marine Division of the 
Kirsten Pipe Company, Seattle 9, Washington, gets its initial 
signal from an electric eye in the compass binnacle. 

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

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

This vital part had to be non-magnetic, strong, and able to 
take a high polish to cut down friction between the shaft and 
the steel clutch. It had to be easy to machine and capable of 
resisting corrosive marine atmospheres. 

After experimenting with many metals, Kirsten engineers 
finally found the one with all the properties required. Its 
name? "KR"* Monel. 

Also, when perfecting their binnacle unit, these men chose 
another INCO Nickel Alloy. ..."K"* Monel. Ball bearings of 
this strong, extra-hard, corrosion-resistant metal enable the 
binnacle assembly to move freely and easily. ...despite constant 
wear, damp sea air, and changing temperatures. 

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

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

EMBLEM  OF SERVICE 

MONEL' • "K"' MONEL • "S"• MONEL • "R"• MONEL • "KR"• MONEL 
INCONEL' • NICKEL • "L"• NICKEL • "Z"• NICKEL 'Rea I" s. Pat. Off. 

Section of Kirsten Pheto-Flectric binnacle. The 
compass assembly rotates on hard, corrosion-resis-
tant "K." Monet ball bearings. Robot pilots such  • 
as these are used today on commercial and plea-
sure craft up to 100 Is. Si length. 

Power unit of Kirsh, I-hole-Electric pilot. Arrow 
shows "KR" Monet solenoid shalt which engages 
the clutch mecianism. 
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USES A 
TRUSCON 
Self-supporting 
RADIO TOWER 

Ji FT. HIGH 

AS FM INCREASES in 
popularity, so does the 

demand for the efficiencies 

of Truscon radio tower 

construction. This new 

310 feet Truscon structure 

at High Point, N. C., 

has a GE 6-bay circular 

FM antenna. 

More and more the landscape is becoming 

dotted with Truscon Radio Towers serving 

both the AM and FM needs of the broad-

casting industry. 

Truscon can engineer any type of tower you 

desire . . . guyed or self-supporting, either 

tapered or uniform cross-section . . . tall or 

small . . . AM or FM. Truscon engineering 

consultation is yours without obligation. 

Write or phone our home office at Youngs-

town, Ohio or any of our numerous and 

conveniently located district sales offices. 

Manufa   of a Complete 

Line of Self-Supporting Radio TRUSCON STEEL COMPANY 
Towers . . . Uniform Cross-

YOUNGSTO WN 1, OHI O 
Section Guyed Radio Towers 

Subsidiary of Republic Steel Corporation   ... Copper Mesh Ground Screen 

... Steel Building Products. 

ATLANTA 

'The Coaxial Cable Carrier System,• by R. D. 
Trammell, American Telephone and Telegraph 

Company; November 28, 1947. 

BALTIMORE 

'Some New Developments in Atomic Power,' 
by R. Fowler, Johns Hopkins University; December 

16, 1947. 
BEAUMONT-PORT ARTHUR 

'F.M. Detector Systems," by C. V. Clark, Jr.. 
Station KXYZ; October 22, 1947. 

'F. M. versus A. M.," by G. K. Miller, Schlum-

berger Well Surveying Corporation; November 20, 

1947. 
'Ultra-High Frequency Construction and Op-

erating Techniques," by J. Reinartz, RCA; Decem-
ber 11, 1947. 

BOSTON 

"Superregeneration," by H. Stockman. S. H. 

Chang, and H. A. Glucksman, Cambridge Field 
Station AMC; December 18. 1947. 

CEDAR RAPIDS 

'Radio-Frequency Heating," by L. A. Lattau-

zeo, Westinghouse Electric Corporation; December 
10, 1947. 

Election of Officers; December 10, 1947. 

CHICAGO 

'Automatic Control in High-Frequency Heat-
ing,' by E. Mittelmann, Consultant; October 17. 

1947. 
'Comparative Analysis of Oscillator Circuits 

for High-Frequency Industrial Generators, • by 
R. A. Whiteman, Consultant; October 17, 1947. 

CINCINNATI 

'A Broad-Band High-Fidelity Modulator for 
A. M. Transmitters,' by R. J. Rockwell, Crosley 

Broadcast Corporation; December 16, 1947. 

CONNECTICUT VALLEY 

'Broad-Band V.H.F. Antennas for F. M. and 

Television Receivers,' by A. Alford, Andrew Alford 
Consulting Engineers; December 18, 1947. 

D AYTON 

'A Few Special Developments,' by E. D. Cook, 
General Electric Company; December 11, 1947. 

Des MOINES-AMES 

'The Origin of Cosmic Rays,' by W. W. Salis-
bury, Collins Radio Company; December 16, 1947. 

D ETROIT 

'Controlled Approach Landing Systems,' by 
A. B. Denicke, Airways Operations Service, Civil 
Aeronautics Administration; November 4. 1947. 

'Atomic Energy —Tool or Weapon," by J. E. 
Reilly. Westinghouse Electric Corporation; Novem-

ber 21, 1947. 
'The General Electric Variable Reluctance 

Pickup,' by F. R. Walker, General Electric Com-

pany; December 12, 1947. 
Election of Officers; December 12, 1947. 

K ANSAS CITY 

'Magnetrons, Their Development and Pro-
duction," by R. R. Hancox, Midwest Research In-
stitute; October 21, 1947. 

'Point-to-Point Radio in the Bell System," by 
H. I. Romnes, American Telephone and Telegraph 
Company; December 4, 1947. 

LONDON (CANADA) 

'Determining Fxctors in Microwave Anten-
nae," by G. A. Woonton, University of Western 
Ontario; December 5, 1947. 

(Continued on page 3M) 
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250 WATT 1 KW 5 KW 

Want one of these famous 
AM transmitters? 

You can get it... 

We're all caught up on back orders for these 
popular AM transmitters. So you can order 
yours today with assurance that you'll get it 
as soon as you want it! 
The 1 KW, 5 KW and 50 KW all have the 

famous Doherty High Efficiency Amplifier 
Circuit that has saved untold thousands of 
operating dollars for broadcasters. 

4..from stock 
For details about the quality, dependability 

and economy that have made these Western 
Electric AM transmitters so popular in so 
many stations—and for information on the 
complete line of audio facilities and accessory 
antenna equipment—call your Graybar Broad-
cast Representative. Or write to Graybar Elec-
tric Co., 420 Lexington Ave., New York 17, N.Y. 

Western Electric 
- QUALITY COUNTS 

PROCEEDINGS OF THE I.R.E. 

DISTRIBUTORS: IN THE U. S. A. — Graybar 
Electric Company. IN CANADA AND NEW-
FOUNDLAND—Northern Electric Company. Ltd. 
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SHURE 

... offer unusual versa-
tility of mechanical and 
electrical adaptation 

CHECK THESE FEATURES FOR 

EXCEPTIONAL PERFOR MANCE 

1 

4 
5 

6 

Versatility of playback and record-
ing circuits. 

Variety of Impedances for individ-
ual needs. 

Closely controlled Air-Gaps for 
uniform performance. 

Reduction of hum pickup. 

Controlled groove contour for 
maximum effective position of re-
cording wire. 

Excellent wear characteristics. 

aux. Patenta Pending 

MORE COMPLETE INFORMATION IS AVAILABLE TO FIRMS 

INTERESTED IN THE MANUFACTURING OF WIRE RECORD-

ING EQUIPMENT. WRITE ON COMPANY LETTERHEAD. 

SHURE BROTHERS, INC. 
Microphones & Acoustic Devices 

225  W . HURON  ST., CHICAGO  10,  ILL. •  CABLE  ADDRESS: SHURENDCRO 

(Continued from page 34A) 

LOS ANGELES 

'Train Communication by F. M. at 161 Mc.,' 
by W. U. Dent, Westinghouse Electric Corporation; 

December 16. 1947. 
'Patent Procedure for Engineers.' by R. C. 

Lawlor, Patent Agent; December 16, 1947. 

Louisvit.us 

'The Clear Channel Broadcasting Service's 

20-Station Plan for Nationwide Broadcast Cover-
age.' by 0. W. Towner, Station W HAS; October 

20, 1947. 
'Radar on the River,' by B. B. Talley, United 

States Army; December 12, 1947. 

M ONTREAL 

"A Symposium by C. B. C. Engineers on Prob-

lems Which Have Been Investigated in their Trans-

mission and Development Department." by J. E. 
Hayes. H. W. McCrae, R. E. Santo, and D. H. 

Bastin; December 10, 1947. 

NEW YORK 

'New York-Boston Radio-Relay System.' by 
G. N. Thayer. Bell Telephone Laboratories; Decem-
ber 3, 1947. 

OTTAWA (CANADA) 

'Aurora and Skywave Radio,' by F. T. Davies, 
Defence Research; December 11, 1947. 

PHILADELPHIA 

'The  Institute of  Radio  Engineers.'  by 
W. R. G. Baker, Past President of The Institute of 
Radio Engineers; December 4, 1947. 

PORTLAND 

'The Acoustic System in the Brain as Studied 
in Animals; its Relation to the Physics of Sound as 
Applied to Human Hearing,' by A. Tunturi, Uni-
versity of Oregon Medical School; November 25, 

1947. 
'The Portland Urban Mobile Telephone Sys-

tem,' by R. Scott, The Pacific Telephone and 

Telegraph Company; December 18, 1947. 
Election of Officers; December 18, 1947. 

SACRAMENTO 

'Ground Controlled Approach,' by T. J. 
Tipton, Gilfillan Brothers; November 25, 1947. 

'Indicating Instruments,' by L. F. Parachini, 
Western Electrical Instrument Corporation; De-

cember 9, 1947. 
Si. Louis 

'Operating Aspects of Television." by W. L. 
Lawrence, RCA; December 17, 1947. 

SEATTLE 

'Impedance Measurements at U.H.F. Fre-
quencies,' by R. A. Soderman, General Radio 
Company; September 12, 1947. 

'A 5-Kw. Television Transmitter.' by J. E. 
Keister, General Electric Company; September 29, 

1947. 
'Electrical Circuits to Perform Mathematical 

Operations,' by A. R. Jacobsen. University of 

Washington; November 21, 1947. 

SYRACUSE 

'Telemetry System for Guided Missiles,' by 
W. Hausz, General Electric Company; December 4, 

1947. 
TORONTO 

'Problems in the Design of F. M. Receivers,' 
by E. C. Freeland, Philco Corporation; November 

10. 1947. 
'Problems in Establishing a Television Serv-

ice,' by W. R. Ahern, General Electric Company; 

December 8. 1947. 

(Continued on page 38A) 
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UNITED AIR LINES Selects 
New WILCOX VHF Receiver 
For Ground Installations 
New fixed frequency Receiver 
Offers New Performance features 
in the 1111-136 tdc. Band 
• Selectivity Permits 100 Kc. Adjacent 
Channel Operation 

• No Interference from Spurious Frequency 
Responses 

• Simplicity of Circuit Design Means Easy 
Maintenance 

• New Noise Limiter Means Better Reception 

• Single Unit Construction Saves Space 

Write Today for Complete 
Information on the 
WILCOX 3054 RECEIPER 

THE NAME 

WILCOX MEANS Dependable Communication 
WILCOX ELECTRIC CO MPANY • Kansas City 1, Missouri 
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Tms new General Electric distortion and noise 
analyzer gives a convenient check on transmitter 

operation. It provides a quick, visible indication 
that your station is operating in accordance with 
required standards. The YDA-1 is also entirely 
suitable for use with the widely accepted FM and AM 
General Electric Broadcast Station Monitors. 
The YDA-1 accurately measures total harmonic 

distortion and noise present on an audio frequency, 
particularly that present in laboratory and broadcast-
ing equipment. 
The unit may also be used as a sensitive voltmeter. 

Its sensitivity is of special advantage in measuring 
low level audio signals. 

DISTORTION MEASURE MENTS: 

Distortion range:  1, 3, 10, 30 and 100% full scale 

Frequency range:  50 to 15,000 cycles per  d in 5 ranges 

Accuracy:  5% of full scale plus 1/10% distortion 

NOISE MEASURE MENTS: 

Noise range: 

Frequency range: 

Accuracy: 

+2 to -80 db referred to 1 milliwati 
on 600 ohms 

30 to 30,000 cycles per second 

5% of full scale 

VOLTAGE MEASUREMENTS: 

Vacuum tube voltmeter for general purpose measurements. Dial is 
calibrated from +2 to -80 db referred to 1 milliwatt on 600 ohms. 

For complete information on the YDA-1, and other 
precision equipments write: General Electric Company, 
Electronics Department, Electronics Park, Syracuse, 
New York. 

185-01 

GENERAL ELECTRIC 

(Continued from page 36,4) 

TWIN CITIES 

'Thermal Control of Cavity Tuning," by %V. G. 
Shepherd, University of Minnesota; November 24, 
1947. 

'Air Navigational Systems.' by F. L. Mosely. 
Collins Radio Company; December 10, 1947. 

W ASHINGTON 

'Effects of the Recent Solar Total Eclipse on 
the Ionosphere," by A. H. Shapley and J. M. 
Watts. National Bureau of Standards; December 8, 
1947. 

Election of Officers; December 8, 1947. 

SUB-SECTIONS 

AKRON 

'Stereoscopic Viewing of Oscillograms and 
Radar Presentations," by R. L. Burtner, Goodyear 
Aircraft Corporation; October 21, 1947. 

'Beam Deflection Mixer Tubes for Ultra-High 
Frequencies,' by E. W. Herrold, RCA Laboratories; 
November 17, 1947. 

HAMILTON 

'Provincewide F. M. Communications," by 

W. J. Ward, Canadian General Electric Company; 
December 1, 1947. 

LANCASTER 

'A Report on the International Radio Con-
gress in Rome,' by I. E. Mouromtseff, Upsala 
College; December 10. 1947. 

LONG ISLAND 

'Infrared Vision by the Image Tube," by G 
Krieger, RCA Laboratories; October 29. 1947. 

UNIVERSITY OF ILLINOIS, 1.R.E. —A.I.E.E. 
BRANCH 

'Membership Drive,' by W. L. Everitt, Uni-
versity of Illinois; October 23, 1947. 

'Mobile Radio Transmission," by O'Conner, 
Illinois Bell Telephone Company; November 13. 
1947. 

*Power Transmission," by A. R. Slinger, Gen-
eral Electric Company; December 11, 1947. 

KANSAS STATE COLLEGE, I.R.E. BRANCH 

'The Kansas State College Television Proj-
ect," by K. H. Martin, Kansas State College; 
December 4, 1947. 

UNIVERSITY OF MICHIGAN, I.R.E. —A.I.E.E. 
BRANCH 

'Television at W WJ-TV." by Leonard Spragg, 
Radio Station W WJ; November 12, 1947. 

'Integrated Engineering,' by Waidelich, The 
Austin Company; November 18. 1947. 

Field Trip to W WJ-TV. November 19, 1947. 
*Industrial Applications of Photo Cells," by 

L. L. Worner. Worner Electronic Appliances; De-
cember 9. 1947. 

(Continued on Page 40A) 
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ItiORDARSO 

NM  NI II WI IN&  1141 

Actual Laboratory Measurements Made With 
The Conventional Type Filter Circuit A — 
(Swinging and Smoo•hing System) — and 
with the New Universal Choke Filter Circuit 
B Show A Decrease In Ripple Throughout 
The Useful Current Range o Power Supply 

For Matched Power 
Supplies, see Your 
New 400GX Catalog 
Now Available. 
Furnished Free Upon 
Request. 

Export — Scheel International Inc. 
4237-39 Lincoln Ave.  Chicago 18, Ill. 

Cablir — (Harsch•ell 

THE MOST RADICAL 

IMPROVE MENT.... 
IN PO WER SUPPLY 

FILTER CIRCUITS ... 

... employing two sa me type universal 

chokes that provide more efficient filtering. 

Here again, is another triumph in Thordarson engineering skill. 

Thordarson engineers have developed a new universal type 

choke in sizes to meet all power requirements! This achievement 

offers the best possible filtering and regulation in a minimum size 

consistent with conservative design! One reactor may be used in 

a single section filter with all the advantages of the radically 

swinging type. Two similar units may be employed in a two 

section filter more satisfactorily than the obsolete "swinging and 

smoothing" system, and deliver far better performance. 

Let us know how we can put these new universal chokes 

to work for you...Send us your requirements. 

THORDARSON 
Manufacturing Quality Electrical Equipment Since 1895 

500 WEST HURON  CHICAGO 10, ILLINOIS 
A Division of Maguire Industries .4111111111L__  _ 

PROCEEDINGS OF THE I.R.E. • February, 191i 



GROOMING an 

ADC TRANSFORMER 

for FAULTLESS PERFORMANCE 

3 Complete Tests to Meet 
Rigid ADC Specifications 

Strict electrical tests are given to 
ADC Transformers at three dif-
ferent stages of production. In 
order to give you faultless per-
formance on the job, each and 
every transformer must come 
within ADC catalog specifica-
tions on every test. (Customer 
specifications on special trans-
formers.) 

1st TEST. After assembly of coil and 
laminations, each component is 
given complete performance tests 
for compliance with specifications. 
Any unit failing to meet all require-
ments is rejected. 

2nd TEST. After impregnation, bak-
ing and casing, each transformer 
is re-checked for continuity, break-
down and other requirements of 
the particular unit. This guaran-
tees correct wiring, perfect insula-
tion—no "shorts" or "opens." 

ADC Quality ELIMINATES necessity for large 
over-runs to allow for rejects. 
(Customer returns consistently 
less than 3/ of 1%.) AVOIDS expense and delays due 
to rejects which must be sent 
back. GUARANTEES performance as spe-
cified in ADC catalog. (Custom-
built transformers guaranteed 
to meet your specifications.) 

3rd TEST. After cleaning, labeling, 
etc., a final continuity, breakdown 
and thorough visual check is made. 
This quality control test—plus the 
finest materials and workmanship 
available—assures you of faultless 
performance on the job. 

Other ADC Quality Components 

JACKS • JACK PANELS • PLUGS • PATCH CORDS 

"rebid& Develop•  ?imedr 
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2633-13th Avenue So., Minneapolis, Minn. 

STUDENT 

BRANCH 

MEETINGS 

(Continued from page 38A) 

UNIVERSITY OF MINNESOTA, I.R.E. —A.I.E.E. 
BRANCH 

Business Meeting, November 13, 1947. 
Inspection Trip Through the High Bridge 

Generating Plant; November 18, 1947. 

THE COLLEGE OF THE CITY OF NEW YORK, 
I.R.E. BRANCH 

'Microwaves,' by Samuel Freedman, De-Mor-
nay-Budd, Inc.; November 25, 1947. 

'Problems of Frequency Modulation.' by 
H. A. French, Federal Telecommunications Labora-
tories; December 2, 1947. 

'Power Measurements of Class-B Audio Ampli-
fiers," by 13. P. Heacock, Radio Corporation of 
America; December 9, 1947. 

'Organization of Electronic Research,' by 
R. M. Bowie. Sylvania Electronic Products Corn.. 
pany, Inc., December 11, 1947. 

NEW Voltz UNIVERSITY (DAY DivisioN). 
I.R.E. BRANCH 

'A Preview of the Graduate Engineer in In-
dustry.' by Heins, Westinghouse Electric Corpo-
ration; November 17, 1947. 

NORTH CAROLINA STATE COLLEGE, I.R.E. 
BRANCH 

'Peacetime Applications of Radar.' by F. E. 
Burley, Western Electric Company; December 3. 
1947. 

NORTHWESTERN UNIVERSITY, 
BRANCH 

Business Meeting; October 23, 1947. 
'Directional Patterns of Broadcast Radio An-

tennas,' by F. E. Butterfield, Andrew Corporation 
of Chicago; November 7. 1947. 

'Professional Engineering Today,' by George 
C. Lamb, Northwestern University; November 20, 
1947. 

'The Selection and Use of Electrical Measuring 
Instruments,' by Ernest 0. Martin, Westinghouse 
Instrument Section; November 20, 1947. 

PRATT INSTITUTE, I.R.E. BRANCH 

'Topics in Modern Physics,' by Dov Abram°. 
vich. Secretary; December 3, 1947. 

STANFORD UNIVERSITY, I.R.E. —A.I.E.E. 
BRANCH 

"Inspection of Ground-Control Approach Sys-
tem at Moffett Field," by Fred Kruse; November 
14, 1947. 

"Telemetering and Electronic Instrumentation 
in the V-2," by John R. Kauke, Naval Research 
Laboratory; November 19. 1947. 

'Behind the Instrument Dial.' by Lawrence F. 
Parachini, Weston Electrical Instrument Corpora-
tion; December 3. 1947. 

UNIVERSITY OF TEXAS. I.R.E. —A.I.E.E. 
BRANCH 

'New Targets for Radar," by A. W. Stration, 
University of Texas; November 10, 1947. 

'Should Engineers be Licensed,' by W. R. 

Woolrich, A.S.E.E.; J. S. Hudnall, A.I. M. M.E.; 
M. J. Thompson, LE E.; Tugg Twichell, T.S.P.E.; 

J. P. Exum, A.S. M.E.; B. N. Gafford, A.I.E.E.; 
Percy Pennybacker, A.I.E.E.; Carl Ledbetter, 
A.I.E.E.; Carl Swenson, A.S. M.E.; W. A. Cun-
ningham, A.I.Ch.E.; November 24, 1947. 

'The Engineer After Graduation.' by C. R. 
Granberry, University of Texas; December 8, 1947. 

(Continued on page 42A) PROCEEDINGS OF THE I.R.E.  February, 1948 



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

Ask your core manufacturer—he's an authority 

on the use of G.A.&F. Carbonyl Iron Powders. 

• ® 

"Gosh! Will you look at this free booklet on G. A.&F.'s 
Carbonyl Iron Powders! Look how it points out that no 
other material can produce higher density and Q tuning 
cores than grade HP powder. Just think how this sim-
plifies and improves the antennae circuits of radio sets 
using loop antennae!" 

carbonyl iron powders 
An Antara* Product of 

General Aniline & Film Corporation 

Clip this coupon—Mail it today! 

Antara Products, Dept. 23 
444 Madison Ave., New York 22, N. Y. 

Please send me a free copy of: 

o G.A.&F. Carbonyl Iron Powders  0 Polectron dielectrics 

Name   

Address   
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ASTATIC Introduces 

NEW"LT"CARTRIDGE IN 
STAMPED HOUSING MODELS 

Model "I.T1- M" 

Die Cast Mousing 

Weight 28 Grams 

Model "I.T2-1W' 

Sta mped Steel 

Weight 20 Gra ms 

Model "LT3- M" 

Sta mped 

Alu minu m 

Weight 11 Gra ms 

V eeei ade of the LO W Needle 

Talk, LO W Needle Pressure and LO W 

Price, the "LT" Series Crystal Cartridges 

are highly recommended for use with all 

types of record changers and manually 

operated phonographs. The "LT" employs 

a Type "T," matched, replaceable Needle 

with an electro-formed precious metal tip. 

Special Literature is available. 

In providing this 

selection, Astatic 

makes it possible 

to choose the 

cartridge models 

having the proper 

weight to provide 

optimum needle 

pressure and 

pickup inertia char-

acteristics with va-

rious types of ar ms. 

For those who prefer a 
de  luxe  Reproducer. 

Astatic suggests earnest 
consideration  of  the  "QT" 
(Quiet Talk) CRYSTAL CAR-
TRIDGE--with  matched,  re-
placeable "Q" Needle, sap-
phire or precious metal tipped. 

7/14 te Nem 
THESE "LT" 
FEATURES 

I. Low Needle Talk 

2. Low Needle Pressure 

3. Low Price 

4. Replaceable "T" 

Needle 

5. Cutoff Frequency. 

4,000 c.p.s. 

6. Output Voltage, 1.00 

volt (Avg. at 1,000 

c.p.s.). 

7. Choice of three 

weights: Die Cast, 28 

Grams; Stamped Steel, 

20 Grams; Stamped 

Aluminum, 11 Grams 

8. Needle Guard Posts 

9. Standard Dimensions 

Copyright. Astatic Corp.. 1947 d  

(Continued from page 40A) 

STUDENT 

BRANCH 

MEETINGS 

UNIVERSITY OF UTAH. I. R. E. —A.I. E. E. 

BRANCH 

*Education in India," by M. A. Hague, Stu-
dent; December 9, 1947. 

W ORCESTER POLYTECHNIC INSTITUTE, 
I.R.E. —A.I.E.E. BRANCH 

'Electronics in Aerial Reconnaissance," by Dr. 
Gunter, Clark University; November 25, 1947. 

The following transfers and admissions 
were approved on January 6, 1948, to be 
effective as of February 1, 1948: 

Transfer to Senior Member 

Beranek, J. A., Route 1, Box 1350, Delano, Calif. 
Bishop, H. 0., 3519 River Rd., Harrisburg 5, Pa. 
Crawford, R.. V., 10 Manor Pl., Dobbs Ferry, N. Y. 
Eberhart. E. K., Bell Telephone Laboratories. Inc., 

180 Varick St., New York 14, N. Y. 

Elmendorf, C. H., III, 463 West St., New York 14, 
N. Y. 

Embrechts, A. C., 91 Marion Ave., Staten Island 4, 
N. Y. 

Gunther, C. A.. RCA Victor Division, Bldg. 10-7, 

Camden, N. J. 
Keiterborn, W. H., Canadian Westinghouse Co., 

Aberdeen Ave., Hamilton, Ont., Canada 
Libscomb, E. W., 4433 Stanford St., Dallas 5, Tex. 
Mayle, A. T., Jr., 201 W. Maple Grove Ave., Fort 

Wayne 6, Ind. 
Miller, C. F., National Union Research Depart-

ment, 350 Scotland Rd., Orange, N. J. 
Mumma, R. E., 2000 Park Pl., Dayton 6, Ohio 
Spaulding, F. E., Jr., 49 Grant Ave., White Plains, 

N. Y. 

Straube, H. M., 463 West St., New York 14, N. Y. 
Umpleby, K. F., Research Department, Bendix 

Radio, Baltimore 4, Md. 
Walker, F. R., 710 Williamson Building, Cleveland 

14, Ohio 
Wild, R. F., 331 Wellesley Rd., Philadelphia 19, Pa. 

Admission to Senior Member 

Curtis, R. W., Valley Rd., Bethesda 14, Md. 
Heller, D. M., 415 Dunkirk Rd., Baltimore 12, Md. 
Matz, C. H., 40 Dunster Rd., Chestnut Hill 67. 

Mass. 
Newman, R. J., 1007 Maryland Ave., Schenectady, 

N. Y. 
Tucker, R. S., Bell Telephone Laboratories, Inc.. 

463 West Et., New York 14, N. Y. 

Transfer to Member Grade 

Bouie, W., 547 W. 157 St., New York 32, N. Y. 
Carroll, C. T., 4401 W. Fifth Ave.. Chicago 26, III 
Ehrman, E. F., Box 22, High, Iowa 
Fich, S., College of Engineering, Rutgers Univer-

sity, New Brunswick, N. J. 
Frase, E. C., Jr., Route 6, Box 1026, Mempis, 

Tenn. 
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EVERY DESIGN ENGINEER 
SHOULD HAVE A COPY 

SEND FOR 

YOURS TODAY! 

THE WORD 

If you are concerned with material specifications, you'll find ideas 

on solving wear problems in this 28-page booklet—because LINDE 

Synthetic Sapphire is a material for key parts on which successful 

operation of a whole machine or instrument can depend. 

This booklet describes the sucessful uses of this material, the colors, 

forms, and grades available; and gives a complete properties chart. It's 

full of pertinent illustrations—a picture-caption story of fabricating 

techniques, including LINDE'S time-saving developments. 

You'll want this new booklet — send for it on your business letter-

head. Ask for Booklet 4-1. You will incur no obligation. 

r i ;fr e d eIS A TRADE-MARK OF THE LINDE AIR PRODUCTS COMPANY 

THE LINDE AIR PRODUCTS COMPANY 
Unit of Union Carbide and Carbon Corporation 

30 E. 42nd St., New York 17, N. Y. rrriR Offices in Other Principal Cities 

In Canada: DOMINION OXYGEN COMPANY, LIMITED, Toronto 
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°)Ite 
F.W.SICKLES COMPRIlj 
OF CHI C OPEE, M ASS. 
LEADING MANUFACTURERS OF 

RADIO ELECTRICAL APPARATUS 

ONE  OF  THE  MANY 

MANUFACTURERS OF 

RADI O  APPARATUS 

winding coils on 

COS MALITE* forms 
The Cleveland Container Company recommends for YOUR con-

sideration these spirally laminated paper base, Phenolic Tubes. Wall 
thicknesses, diameters, punching and notching to meet your indi-
vidual needs. 

WE RECOMMEND our #96 COSMALITE for coil forms in all 
standard broadcast receiving sets; our SLF COSMALITE for per-
meability tuners. 

Spirally wound kraft and fish paper Coil Forms and Condenser 
Tubes. 

*  *  * 

Inquiries welcomed also on COSMALITE COIL FORMS for Tele-
vision Receivers. 

*  *  * 

• Trade Mark Registered. 

Th CLEVELAND CONTAINER a. 
6201 BARBERTON AVE.  CLEVELAND 2, O HIO 
• All-Fibre Cans. Combination Metal and Paper Cans 
• Spirally Wound Tubes and Cores for all Purposes 
• Plastic and Combination Paper and Plastic Ite ms 

PIONICTION PLANTS Mrs at Plymouth, list. Wanly' N T.. Cli me. lit. lottait UMW lamosheri 11. I 
PLASTICS IITISIONS at Pi m a lure. OOOOO  I. • £1115111 11515105 at Clivolsod, 55,5 

SALES OFFICES — Inn 723. Itli ddddddd r. IT C.. also 147 Nall St. Netted, Cm 
IN £15115 — TI. Clavalail Coli ma! C  4. tisusht Mutant 
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Friedman, H., 1132 Amherst PI., Dayton 5, Ohio 
Gould, H. S., 214 Tuxedo Ave., Highland Park 3, 

Mich. 
Himes, R. H., 209 Dorothy St., Syracuse 6. N. Y. 
Johnson, C. K., 4736 Oak, Kansas City 2, Mo. 
Knoop, W. A., Jr., 159 Chestnut Dr., Packanack 

Lake, N. J. 
Milner, C. M., 297 Lincoln Ave., Orange, N. J. 
Orth, F., 32-19-165 St., Flushing. L. I., N. Y. 
Osterland, E. H., Mountain Lakes, N. J. 
Ramsey, W. S., 211 W. 149 St., New York 30, N. Y. 
Rattner, S., 1140 College Ave., New York 56, N. Y. 
Shuler, M. H., 2120 Scott Ave., Los Angeles 26, 

Calif. 
Slavin, S., 427 Scott St., San Francisco 17, Calif. 

Admission to Member Grade 

Barker, W. J., 3418 Ridge Ave., Dayton 5, Ohio 
Buck, H. M., 1171 Humble Bldg.. Houston, Tex. 
Burmaster, K. E., 80 Outer Dr., Oak Ridge, Term. 
Callais, R. T., 381 Bergen St., Brooklyn, N. Y. 
Campbell, J. H., Engineering Division, General 

Electric Co. 
Nela-Park, Cleveland 12. Ohio 
Chernin, M. G., 15 Juniper Ave., Mineola, L. I., 

N. Y. 
Cobb, L. J.. Bell Telephone Laboratories, Inc.. 

Murray Hill, N. J. 
Costrell, L., 939 Longfellow St., N M., Washington 

11, D. C. 
Foote, H. L., Stromberg-Carlson Co., 100 Carlson 

Rd., Rochester 3, N. Y. 
Gershater, S. H., 937 Cullom Ave., Chicago 13, Ill. 
Glassman, I., 308 S. 13 St., Philadelphia, Pa. 
Holdredge, R. F., 2810 N. 72 St., Milwaukee 10. 

Wis. 
Loofbourrow, R. J., Box 422, Bellaire, Tex. 
Northrop, B. K., Franklin Hall, Cornell University, 

Ithaca, N. Y. 
Orr, J. B., 4459 Cape May Ave., San Diego 7, Calif. 
Peterson, E. F., Jr.. 236 E. Courland St., Philadel-

phia 20, Pa. 
Ricketts, F. E., 402 CraM Highway, Glen Burnie 6, 

Md. 
Sandor, L. K., 1228 Wisconsin Blvd., Dayton 8, 

Ohio 
Sears, J. F., 1736 Washington Ave., Evansville 14, 

Ind. 
Sturgeon, W. S., 45-27 -256 St., Great Neck, L. I., 

N. Y. 
Sullivan, A. H., Jr., 408 Melrose Ave., Southern 

Hills, Dayton, Ohio 
Thomas, H. C., 130 Billings St., N. Quincy 71, Mass. 
Ward, A. E., 88 Radcliffe St., Dorchester 21, Mass. 
Wolf, H. K., 869 Center, San Luis Obispo. Calif. 

The following admissions to Associate 
were approved on January 6, 1948, to be 
effective as of February 1, 1948. 

Adkisson, W. M., 3537 Third Ave., S., Minne-
apolis 8, Minn. 

Apte, R. M., do Air India, Ltd., Radio Depart-
ment, Santacruz East, Bombay, India 

Arman, A. J., 1101 N. Christiana Ave., Chicago 51, 

Arveschoug, N. F.. 463 Main St., Metuchen. N. J. 
Bakst, A. A., 2431 Tusitala St.. Honolulu, T. H. 
Baumgarte, P. H., 410-B-12 Lane, Brooklyn 12, 

N. Y. 
Beers, R. B., 5913 Rambo Lane, Toledo 12. Ohio 
Betts, R. I., Star Route, Altamont, N. Y. 
Bialy, A. S., 180 S. Sierra Madre Blvd., Pasadena 

10. Calif. 
Bodge, A. H., Audio Dcvices, Inc.. 844 Seward St., 

Hollywood 38, Calif. 
Boese, M. T., 3425 Mt. Pleasant St., Washington 

10, D. C. 
Burnell, J. D., "Florence Lodge," Main Rd., Clare-

mont. Cape Town. South Africa 

(Continued on page 46A) 
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ANNOUNCING-
• I • 

MICROWAVE 
MIXERS 

rouND 

RADAR SYSTEM ENGINEERING 
VOL. I. Edited by L. N. RIDENOUR, Professor 
of Physics, Univ. of Penn. 408 pages, over 
300 illus., $7.50 

This volume outlines general principles of radar 
systems, and discusses basic design considera-
tions. It describes the components of a radar 
set from the design engineer's standpoint and 
outlines the problems encountered. Moving tar-
get indication and radio transmission of data to 
remote indicators are carefully explained, in-
cluding detailed examples of actual systems. 

RADAR AIDS TO NAVIGATION 
VOL 2. Edited by John S. HALL, Assoc. Pro-
fessor of Astronomy and Physics, Amherst 
College. 389 pages, illus., $5.00 

Describes the advantages and limitations of the 
use of radar in navigation and pilotage. In ad-
dition to full treatment of airborne, shipborne, 
and landbased radar, this book contains descrip-
tions of many other navigation devices which 
give a more comprehensive picture of the equip-
ment in use. It emphasizes the practical appli-
cation of modern aids for safety and accuracy 
in navigation. 

RADAR BEACONS 
VOL. 3. Edited by Arthur ROBERTS, Assoc. 
Professor of Physics, State Univ. of Iowa. 
409 pages, illus., $6.00 

This comprises a survey of the design and latest 
developments in radar responder beacons and 
their use in navigation and identification. In-
formation on practical aspects—installation, op-
eration, and maintenance—is included. It de-
scribes various types of beacons and interroga-
tors and shows how each is employed in com-
munication, navigation and positioning. 

LORAN 
VOL. 4. J. A. PIERCE, Research Fellow, Cruft 
Laboratory, Harvard; A. A. MCKENZIE, Assoc. 
Editor, Electronics; and R. H. WOODWARD, 
Research Fellow, Cruft Laboratory, Harvard. 
468 pages, illus., $6.00 

A complete account of the design and use of 
the long-range pulse navigation system known 
as Loran, both in its original form and as sky-
wave synchronized Loran. Sections are included 
on radio propagation at Loran frequencies and 
on methods for the computation and preparation 
of Loran navigational charts. 

PULSE GENERATORS 
VOL 5. G. N. GLASCOE, Rensselaer Polytechnic 
Institute; and J. V. LEYACQZ, Johns Hopkins 
Univ. 737 pages, $9.00 

The theoretical and practical aspects of the gen-
eration of power pulses. Pulse powers in the 
range of 100 watts to 20 megawatts and pulse 
durations from .03 to 10 microseconds are con-
sidered, covering pulse formation, the effect of 
circuit parameters on the pulse shape, pulse 
power, average power, power transfer, and cir-
cuit efficiency. 

KLYSTRONS AND 
MICRO WAVE TRIODES 
VOL 7. Edited by D. R. HAMILTON, Princeton 
Univ.; J. K. KNIPP, Iowa State College; and 
J. B. 11. KUPER, Brookhaven National Labo-
ratory. 534 pages, illus., $7.50 

An authoritative discussion of low power micro-
wave triodes. klystrons, and their performance 
as local oscillators, signal generators, and low-
power transmitters. It explains fully the theory 
behind the use of klystrons and triodes as mix-
ers, amplifiers, oscillators, and frequency multi-
pliers.  Two-cavity and  reflex  Lly.trons and 
planar triodes are described. 

the first 13 volumes of the 
Massachusetts Institute of Technology 

RADIATION LABORATORY SERIES 
NOW AVAILABLE 

These important books are the first available of the Massachusetts 
Institute of Technology Radiation Laboratory Series. The Series, 
containing in all 27 titles and index, was written and edited prin-

cipally by members of the Radiation 
Laboratory maintained during the war for  tical crystal types. Low-level detectors, high 

inverse voltage crystals and crystals with nega-
electronic research. This outstanding ad-  tive i-f conductance are discussed in detail. 
dition to the literature of the field covers 
advances in radar work—makes these  MICRO WAVE MIXERS 
available to all fields concerned with the  VOL. 16. By R. V. POUND, Junior Fellow, 
new  electronics—communication,  tele-  Society of Fellows, Harvard. 381 pages, illus., 
vision, biological and physical sciences  $5.50 

A specialized treatment of the microwave pm-- 
and the many industries in which elec-  tions of very high-frequency receivers, discuss-
tronics is becoming increasingly im-  ing various receiving systems and their relative 
portant. merit. Design problems of practical mixers are 

carefully described, showing how to maintain 
fr constant absolute  equency of local oscillator 

TECHNIQUE OF  and how to stabilize constant frequency differ. 
MICRO WAVE MEASUREMENT  ence between transmitter and local oscillator. 
VOL. II. Edited by C. G. MONTGOMERY, Asso-
ciate Professor of Physics, Yale University. 
937 pages, illus., $10.00 

This book describes in detail the procedures for 
measuring the properties of microwaves and the 
circuits in which they are used. A full descrip-
tion of the measurable quantities of microwaves 
provides sound groundwork for the later chap-
ters which deal with sources of power suitable 
for measuring purposes and the means for de-
tecting energy at microwave frequencies. Meth-
ods for measuring wave length, impedance, fre-
quency, and attenuation are fully described. 

RADAR  AIDS  TO 

NAVIGATION 

• . 

•-• '''''  tt 
10eR  " 

MICRO WAVE DUPLEXERS 
VOL. 14. Edited by L. D. SMULLEN and C. G. 
MONTGOMERY,  Professor  of  Physics,  Yale 
Univ. 437 pages, illus., $6.50 

An analysis of the problems of using a single 
antenna for receiving and transmitting pulsed 
signals. It discusses low-level properties of TR 
and ATR tubes and methods for their de-
sign. The high-level operation is explained in 
detail with a description of the properties of the 
gases used in the tubes. Circuits used for duplex-
ing are fully covered. 

CRYSTAL RECTIFIERS 
VOL. 15. Edited by H. C. TORREY and C. A. 
WHITM ER, Rutgers Univ. 440 pages, illus., 
$6.00 

The characteristics and use of the silicon and 
germanium point-contact rectifiers used as micro-
wave converters and for other circuit applica-
tions. Treatment of the theory of semiconduc-
tors, of the semiconductor-metal contact, of 
frequency conversion by rectifiers, and of noise 
generation by crystals is followed by engineering 
information on the production and use of prac-

SEE 
THESE M AW-HTLL 

BOOKS 
10 DAYS 

FREE 

MICRO WAVE RECEIVERS 
VOL 23. Edited by S. N. VAN VORII IS, Assoc. 
Professor of Physics, Univ. of Rochester. 611 
pages, illus., $8.00 

This book treats together all the elements mak-
ing up a wide-band receiver, describing indi-
vidual circuit types —the assembly, testing, and 
maintenance of microwave receivers. It includes 
analyses of actual receivers which contain ex-
amples of important circuit combinations. 

THEORY OF SERVOMECHANISMS 
VOL 25. Edited by H. M. JAMES, Purdue 
Univ.; N. B. NicnoLs, Taylor Instrument 
Co.; and R. S. PitiLLi es, Univ. of Southern 
Calif. 375 pages, illus., $5.00 

Outlines the standard theory of servomechanisms 
design, showing application of current tech-
niques, and providing an introduction to a new 
technique. It covers frequency response design 
considerations—transfer  loci,  attenuation  vs. 
log-frequency plots, and phase-angle vs. log-
frequency plots—and explains the later method 
which depends upon minimization of rms error 
with which the mechanism produces a desired 
result in the pre•crice of electrical noise and 
other disturbances 

COMPUTING MECHANISMS 
AND LINKAGES 
VOL. 27. Edited by A. SYOBODA. 379 pages, 
illus., $4.50 

A discussion of computing mechanisms and a 
detailed stuey of bar linkages in computers. It 
includes a full account of novel methods for the 
design of bar linkages serving as generators of 
functions of one and two independent variables, 
and describes the design of bar linkage multi-
pliers. 

-  -  McGRAW-HILL BOOK CO.. Inc.. 330 W. 42d St.. N.Y.C. 18 
-M-  Send me the volumes of the Radiation Laboratory Series indi-

cated by the numbers I have encircled below for 10 days' 
examination on approval. In 10 days I will remit the price of 
the books I desire to keep plus a few cents postage, and return 
unwanted books postpaid. (Postage paid on cash orders—Same 

II  1 1 return privilege.) 
1 2  3  4 
14 15 16 23 5 25 7 27 

IName ......... 
I Address   
I City and State   

I Company ...   
Position  IRE-2-48 

I  (For Canadian price, write McGraw-Hill Co. of Canada Ltd., 12 
Richmond St. E., Toronto 1.) 
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AN IMPORTANT S.T.EP M ADE EASIER 

S.S.WHITE FLEXIBLE HAFTS 
In the step from circuit diagram to commercial product, the 
positioning of variable elements and their controls is often a 
problem. The elements must be located for premium electrical 
performance. As a rule, this results in unsatisfactory location 
of control knobs. 

Use of S.S.White flexible shafts to couple the variable element 
to their control knobs is a simple answer to this problem. As a 
leading manufacturer puts it: "S.S.White flexible shafts give 
smooth, sensitive operation and allow us complete freedom in 
our mechanical and electrical design." 

WRITE FOR THIS FLEXIBLE SHAFT HANDBOOK 
It contains 260 pages of information and engineering data 
about flexible shafts and how to select and apply them. Copy 

sent free if you request it on your business letterhead and 
mention your position. 

STHES. S. WHITE DENTAL MFG. CO. .S.WHITEINDUSTRIAL 
Di m G to EAST 4051. ST.. NEW YORK 
1(1 .111 sal•FTS  •  RE a 11111  700(5  •  .1 .2..0.11 

USA " CY11110.71 ANS 01111 .040 700l5  •  WS W& 10• 01111A 111/11141115 

1.0•0.0 tlin101ei  • Fuanc SPO O WIell  • CO MILACT PLASPOCI 11101.015 0 

DIVISION 
IC N. 

0 see oi 'Voce:44.i A if A4 TwAtctAdil EreleA frade4 
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Carlson. C. R., 422 S. Darling St.. Angola, Ind. 
Correia, F., Jr.. 1944 Fletcher St., Chicago 13, Ill. 
Cruise, R. B., Box 1422, Beaumont, Tex. 
Darmento, J., XG M Squadron, Eglin Field, Fla. 

DeFlorio. L. E., 88 Marble St., Springfield. Mass. 
DelCamp. S. M., 1820 S. 20 Ave.. Maywood. III. 

Diaper, L. A., 320 East 90, Los Angeles 3, Calif. 
Downes, D. L., 160-14 Tenth Ave., Beechhurst, L. I. 

N. Y. 
Faulkner, A.. 1385 Cook Ave., Lakewood 7. Ohio 
Felice, J. J., 1222 Tabor Court, Brooklyn 19. N. Y. 
Fitzgerald, G. M., 80 Halsey St., Brooklyn 16, N. Y. 

Freiwald. C. J., Castelar 526, Dardo Rocha. Buenos 
Aires. Argentina 

Fulton, W. G., R.C.A.F., Clinton, Ont., Canada 
Gardner, L. B., II, 908 N. Doheny Dr.. Hollywood 

46, Calif. 
Geer, P. M., Milicoma Manor. Route 1, Valparaiso, 

Ind. 
Graf, E. A., 355 West Hall, Lubbock, Tex. 
Gray, M. F., 932 W. 55 St., Los Angeles 37, Calif. 
Green, H., 292 Old Kensico Rd., White Plain, N. Y. 
Hall, T. D., 1244 St. Charles St., Alameda, Calif. 
Hawkins, D. B., 4956 -34 Ave., S., Minneapolis, 

Minn. 
Hertzog, W. K., Waterloo, Ind. 
Hicks, L. S., Box 605, Conroe, Tex. 
Hlavka, L. F.. General Delivery, Alice, Tex. 
Hoiermann, R. H., 401 Milton St., Alliance, Ohio 
Holroyd, W. H., 64 Pine, Dartmouth, Nova Scotia, 

Canada 
Howard. L. L., 35-11--146 St., Flushing, L. I., 

N. Y. 
Hykes, G. R., 1113 W. State St., Marshalltown, 

Iowa 
Jensen, R. H., 512 Liberty Ave., El Cerrito, Calif. 
Kam, P. Y. T., 932 N. La Salle St., Chicago 10. 111, 

Kessler. G., 530 Duff Dr., Port Arthur, Tex. 
Kobel, T. A., 37 Chelsea Rd.. East Hartford 8, 

Conn. 
Komarek. E. E., 2836 S. Springfield Ave., Chicago 

23, Ill. 
Krasnick, B., 42-39 Forley St., Elmhurst, L. I., 

N. Y. 
Kubik, C. P. G., 1107 City St., Utica 4, N. Y. 
Levin, R. J., 108 N. Callow, Bremerton, Wash. 
Lundquist, F. E., 931 N. 29 St., Billings, Mont, 
Makar, R. T.. 75 Kew Green, Richmond, Surrey, 

England 
Martin. L. W., 2 Stonewall, Lanett, Ala, 
Martin. R. L., 512 W. Maumee St., Angola, Ind, 
Mathews, C. A., Jr., 519 S. Cornell Ave., Villa Park. 

McCann, J. G., 1360 Law St., San Diego 9, Calif. 
McMahon, J. F.. 5259 Lexington Ave., Los Angeles 

27, Calif. 
Miller, V. L., 408 Cavitt Ave., Trafford, Pa. 
Parc Serpi!, J. C., Tucuman 225, Bahia Blanca, 

Argentina 
Pugh, J. S., 2113 W. 74 St., Los Angeles 44, Calif. 
Randall, A. E., 1042 Main St., Eau Claire, Wis. 
Roth, J. E., Jr., Physics Department, Mohawk 

College, Utica, N. Y. 
Sawyer, W. G., 2027 Commerce Bldg., Houston 2, 

Tex. 
Schager, R.. J., 4144 Central Ave., Indianapolis 5, 

Ind. 
Seabury, G. V., 44 Woodbury St., New Rochelle, 

N. Y. 
Selby, H. A., 127 -35 St., S.E., Washington 19, 

D. C. 
Shaw, J. L., do International Nickel Co., Inc., 67 

Wall St., New York, N. Y. 
Silberman, A., 81 West 172 St., New York 52, N. Y. 
Skrip, E. D., Motorola, Inc., 4545 W. Augusta 

Blvd., Chicago St, III. 
Slottow, H. G., 2227 Callow Ave., Baltimore 17, 

Md. 

(Continued on page 48A) 
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WIRES and CABLES 

When you list the q Jellifies most desirable in a supplier 

of wires and cables For your electronic equipment, you 

will find that Lenz most nearly answers your description 

of a dependable source. 

First, this company has the engineering background 

and experience, the knowledge of your requirements 

in wires and cables that are needed to help draft your 

specifications. 

Second, it has the facilities to produce these wires and 

LENZ  ELECTRIC  MANUFACTURING  COMPANY 

OF ELECTRONIC EQUIPMENT 

cables in volume exactly to specifications, economic-

ally and promptly. 

Third, it is a reliable organization with over 40 years 

background of dependable service to the communica-

tions industry. 

Make Lenz your principal source for wires and cables. 

A Lenz wire engineer will gladly consult with you re-

garding your special requirements. Correspondence is 

invited. 

" I N  BU S! NE S S  SI N C E  1 9 0 4 " 

• 1751  No.  Western  Avenue,  Chicago,  Illinois 
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Simple New /- Couplings 

Maintain Constant 51.5 Ohm Impedance 

ANDRE W 
eeC OAXIAL 

TRANS MISSION LINE 
FOR FM-TV 

Offering the duxl advantage of easy, solderless assembly 

and a constant impedance of 51.5 ohms, this new ANDRE W 

FM-TV line is available in four diameters. Each line fully 

meets official RMA standards. It also is recommended for 

AM installations of 5 Kw or over. 

Fabricated in twenty foot lengths with brass connector 

flanges silver brazed to the ends, sections are easily bolted 

together. A circular synthetic rubber -0 - gasket eRec-

tively seals the line. Flux corrosion and pressure leaks are 

avoided. A bullet-shaped device positively connects inner 

conductors. 

Close tolerance: are maintained on characteristic im• 

pedance in both line and fittings, assuring an essentially 

"flat" transmission line system. 

Mechanically and electrically better than previous types, 

this new line hcs steatite insulators of exceptionally low 

loss factor. Both inner and outer conductors of all four 

sizes are of copper having very high conductivity. 

Flanged 45 and 90 degree elbow sections, and a complete 

line of accessories and fittings available. 

Better be safe, 'flan sorry. Avoid costly post-installation 

line changes. Get complete technical data, and engineer-

ing advice, from ANDRE W now. 

smuu n nup n r! uc. 
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CU R VE 
shows total loss plus 10% deratina 
factor to allow for resistance of joints 
and deterioration with tins*. 

Four diameters available,: tot/s ^-
31e -1 1/4 " and Ye". 

C O R P O R A TI O N 

3 6 3  EAST  75th  ST RE ET  •  C HI C A G O  19 

Pioneer Specialists in the Manufacture of a Complete Line of Antenna Equipment 

(Couttnued from page 46A) 

Small, P., 84 Maple Ave., Eatontown, N. J. 
Smillie, P. V., Reme Training Centre, Arborfield. 

Berks., England 
Steele, A. J., 2151 W. Windsor Ave., Chicago 25, III. 
Stinson, C. F., c/o Tri-State College, Angola, Ind. 

Terres Soto, J. T., Republica de Suba #44-301. 

Mexico, D. F., Mexico 
Truman, L. N., 101 1.4 W. Sandusky St., Findlay, 

Ohio 
Urdal. S., 227 Fichter St., Houston, Tex. 

Vanica, H. R., 1552 Second St., Cuyahoga Falls, 
Ohio 

Walls, E. L., Jr., 214 E. Weisheimer Rd.. Columbus 
2, Ohio 

Ward, W. H., 2341 Wendell Ave., Detroit 9, Mich. 
Watson. D. L., 3662 -177 PI., Lansing, Ill. 
Weaver, W. B., 8205 Anthony, Chicago 17, III, 
Webb, J. 0.. c/o KATL, State National Bldg., 

Houston 2, Tex. 
Webb. M. L., Jr., 701st AAF Base Unit, 51st AACS 

Group H.Q., Hamilton Field, Calif. 
Westover, T. A., 68 Martin Ave., Hempstead, L. I.„ 

N. Y. 
Wiggins. D. K, S. Kirk St., West Lafayette, Ohio 

Williams, C. S., 431 W. 35, Kansas City 2. Mo. 
Williams, J. E.. 11 Morris St., New Rochelle. N. Y. 
Wirsu, E. R., 3727 Poppy St., Philadelphia 36, Pa. 
Wood, H. B., 4 Bovill Rd., London. S.E. 23, Eng-

land 
Wright, J. M., 9930 Wildenmere, Detroit 6, Mich. 
Ziehm, A., Jr., 43-34 -49 St., Long Island City, 

L. I., N. Y. 

News—New Products 
These manufacturers have invited PROCEEDINGS 
readers to write for literature and further technical 
information. Please mention your I.R.E. affiliation. 

Wire-Recording Heads 

This illustration shows Model WR-12 
of a new line of wire-recording heads being 
produced by Shure Brothers, Inc., 225 
West Huron St., Chicago 10, Ill. The 
manufacturer states that the new heads 
are unusual in the versatility of their 
mechanical and electrical adaptations. Re-
cording, playback, and erasing features 
have been combined into one small com-
pact unit. Mechanical construction also 
permits a variety of shielding and mount-
ing arrangements. Impedances and inter-
nal connections may be varied to suit in-
dividual needs. All information requests 
should be sent to the manufacturer on 
company letterheads. 
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News-New Products 
These manufacturers have invited PROCEEDINGS 

readers to write for literature and further technical 

information. Please mention your I.R.E. affiliation. 

Versatile Cathode-Ray 
Oscillograph 

Although initially developed as a pre-
cision ranging unit for radar installations, 
the new DuMont Type 256-D cathode-ray 
oscillograph presents special features mak-
ing its use suitable for various industrial 
and research applications. It has been re-
leased by Allen B. DuMont Laboratories, 
Inc., 100 Main Ave., Clifton, N. J. 
The variety of sweep lengths, the ac-

curate delay circuits, the crystal-controlled 
markers, the variable internal trigger gen-
erator, and the wide-band video amplifier, 
all of which are featured in this instru-
ment, make it a very versatile unit. Ac-
cording to the manufacturer, provision is 
made for calibrating its own sweep cir-
cuits, while its calibrating accuracy is as-
sured by the locking of the trigger to the 
markers. 

A Type 5CP-A cathode-ray tube is 
used as the indicator. The over-all ac-
celrating potential applied to this tube is 
4,000 volts, which, in conjunction with an 
auxiliary focus control, produces a clear, 
fine trace. 
Two types of sweep are provided, 

namely: "A" sweep and "R" sweep. On 
the "A" type, sweep speeds of 4, 10, 25, 
100, 1000, or 4500 As. may be selected. 
On the "R" type, sweep speeds of 4, 10, 
or 25 toe. may be selected. Provision is 
made to observe any 4, 10, or 25 As. por-
tion of the 100 As. "A" sweep or any 10 or 25 
As portion of the 1000 As "A" sweep. When 
measuring on the "R" sweep, the sweep 
delay interval is adjustable to an accuracy 
of +0.1 per cent of full scale of the sweep-
delay range used. 
This instrument weighs 104 pounds, 

and it is 111 inches wide, 16} inches high, 
and 26 inches deep. Power requirements 
are 115 volts ±10 per cent, single phase, 
60 cycles, 220 watts, usable to 1200 cycles. 

We will be grateful if you will 
mention PROCEEDINGS of the 
I.R.E. when writing to our adver-
tisers. 

RADAR 

AIRCRAFT 'ammoicatkils' INDUSTRIAL 

AMATEUR 

DYNAMOTORS 
PE  73  CM  Power 
supply for BC 375. 
Input: 28 VDC. Out-
put: 1000 VDC ® 350 
Ma.  Starting relay. 
filter, etc. (New) 

$4.95 
Mfrs.•.  Write  for 
quantity.  prices  & 
discounts  on  above 
item. BD 77. Power 
supply for BC 191. 
Input: 14 VDC. Out-
put: 1000 VDC 0 350 
Ma. New. with spare 
fuse links, etc. $5.95 
PE 101C. Input: 13/ 
0 12.6/6.3 A. Out-

put: 400 VDC ® 135 M... 800 VDC 00 20 Ma. 
(9VAC @ 1.12 A.)  $3.49 
PE 88 N. Input: 28 VDC. Output: 250 VDC 
60 Ma. Westinghouse wi nker  $1.95 
Without Filter  $1.60 

PC 77, Input: 12 VDC, Output: 275 VDC 00  110 
Ma. 500 VDC  50 hfa.  $3.25 
DAG 33 A. Input: 18 VDC 00 3.2 A. Output: 450 
VDC ® 60 Ma.  $2.45 
DM 33A, Input: 28 VDC 0 7 A. Output: 540 
VDC 0 250 Ma. Power supply for modulator of 
SCR 274 N.  $3.95 
Dyn. Model 23350, Input 27 VDC ® 1.75 A Out-
put: 285 VDC 0 75 Ma.  $1.75 
DM-21: In 14VDC 3.3A Out 235VDC 90 ma with 
filter  $2.59 
PE 55. Input: 12 VDC ® 25 amp. Output: 500 
VDC 0 400 ma. (slightly used)  $4.95 
MP 10 0 Power supply. using 2 dynamotors In-
put: 24-28 VDC. Output: 1000 VDC 0) 400 Ma. 
230 VDC 0 100 Ma. New. complete with relays. 
filters, etc. BENDIX   $20.00 
B-19 power pack (dynamotor). Input: 12 VDC 
9.4 amp. Output: 275 VDC 00 110 Ma. 500 VDC 
50 Ma. New, complete In metal case with 2 plugs 
filter, etc.  $4.75 

INVERTERS 
PE 206-A. Input: 28 Vlle (,e 38 amp. Otitput: 
80 volts ® 500 volt-amp. 800 cy. Leland Elec-
tric. New. complete with instruction book, re-
lays, filters. etc.  $12.50 
PE 218-Input: 25-28 VDC ta 92 amp. Output: 
115 volts. 1500 volt-amps, 380/500 cy. Leland 
Electric  $15.00 

MICRO WAVE TEST 
EQUIPMENT 

Wave guide experimental kit. Consists of: 
One  direct-reading  wavemeter.  app.  2600-3400 
Inc. (cavity typo): One diumny load w/crystal 
probe. One line stretcher full wave: two wave 
guide to RG 18/U coax couplers: two l' sections 
w/flanges complete  $250.00 
10 CM ECHO BOX, complete with micrometer 
adjust cavity & resonance indicator. Type TS 
238/0P. With calibration chart  $105.00 

W.E. 1138 A. Signal generator.  2700-2900 Mc. 
range. Lighthouse tube oscillator with attenuator 
& output meter. 115 VAC input. reg. Pwr. sup-
ply. With circuit diagram  $50.00 

MICRO WAVE TUBES 
(Magnetrons) 

2332  ..   15.00  2.12 1  $15.00 
Magnet for 2332 .1 8.00  2321A  $15.00 
2338 with magnet 25.00  2322   $15.00 
2355 with magnet $25.00  2.126   $15.00 
3.131   $17.50  2327   $15.00 
Magnet for 3331 $ 8.00  2331   5(5.00 
W.E. 700A (L band)   
W.E. 720BY (S Band) 1000 Kw.  111:2 
KlYatron -2K25-723-AB  $3.50 

PULSE TRANSFORMERS 
GE 5 K 2731 

Repetition Rate: 635 PPS. Pr!. Imp: 50 Ohms, 
Sec.  Imp: 450 Ohms. Pulse  Width:  1 MI-
crosec. Prl. Input: 9.5 KV PK. Sec. Output: 
28 KV PK, PWR Out: 800 K W. Bifllar: 2.75 
Amp.  $19.50 
All Standard name items 

Type G.E. K2450A Will re-
ceive 13KV, 4 micro-second 
pulse  on  pd..  secondary 
delivers 14KV Peak power 
out 100KW GE ....$15.00 

Hi  Volt,  Magnetron  Input 
transformer  W.E.  S D-
166173  with  cooling  fins 

$12.00 
UX 4298E Raytheon Pri. 4 
KY.  1 microsecond  Sec. 
16 KV. 1° amps. F11 pd. 
115 v. 400 Cycle. Raltheon  $15.00 

HI  Volt  input  pulse  Transformer  W.E  
5 1)169271   9.95 

Pulse Input, line to magnetron. G.E. 112748A 12.00 
Utah Pulse or Blocking Oscillator Trans-
former Freq limits 790-810 cy-3 windings 
turns ratio 1:1:1 Dimensions 1 13/18 x 

x 19/32   .75 

MICRO WAVE ANTENNAS 
3 CM  kNT1:\\ 
WITI1  DISH 
1 41/4 ". Cutler 
Feed  horizontal 
and vertical scan 
with  28  V DC 
drive motor and 
drive mechanism. 
Complete.  New. 
  $65.00 

Relay System Para-
bolic  reflectors 
approx.  range: 
2000 to 6000 Me. 
Dimensions 4. -5' 
x 3' New .585.00 

Dipole for above  $5.00 
TDY "Jam" Radar rotating antenna, 10cm. 30 
deg. beam. 115V AC drive. New  $100.00 

SO Surface Search Radar rotating antenna. lOcan. 
24" dish, complete with drive and selsyn mo-
tors. New  $75.00 
Used  $45.00 

10 Cm Horn, rectangular-to square-to circular RF 
assembly ending in horn, radiating circularly 
polarized beam. Waveguide input. Complete with 
flange  $35.00 

Parabolic Peel. Radiation pattern approx. 25 deg. 
in horizontal. 33 deg, In vertical planes  $20.00 

Cone Antenna, AS 125 APR. 1000-3200 mc Stub 
supported, with type "N" connector  $4.50 

140-600 Mc DIRECTIONAL ANTENNA 
140-310 Mc cone and 300-600 Mc cone, each con-
sisting of 2 end fed half wave conical section 
with enclosed matching stub for reactance changes 
with changing frequency. New. complete with 
mast,  guys,  cables,  hand  portable  corning 
chest  $49.50 

AN/TPS-3 Parabolic reflector, approx. 10 ft diam. 
Extremely  lightweight  construction.  New  in 
Portable carrying case  $kim 

MICRO WAVE PLUMBING 
10 CENTIMETER 

Sand Load (Dummy Antenna) wave guide 
section with cooling fins, app. 23" high .$28.00 

Rigid Coax Directional Coupler CU-90/UP 
20  DB  drop,  has  short  right  angle, 
about 8"    5.50 

Flexible Coaxial Connector  
rigid teat to rigid coax 
%" diem.   2.50 

10 CM Dipole and Reflector 
with type "N" Fitting  

Wavegulde to flexible coax 
coupler (RA 18 LT). with 
flange. Gold plated. AIM 
10" high (as shown)   17.50 

Rigid coax Lotted section 
CU-60/AP    5.00 

Stub-supported rigid coax  
gold plated. 5' lengths  
Per 5' length   5.00 

10 Cm, McNally cavity. Sil-
ver Plated. Type SG ...3.00 Es. 

Crystal Mixer, "8" Band. Complete with 
Type "N" fitting and 1N22 crystal   3.85 

10 Cm waveguide. 5'9" choke to cover Per 
section   12.00 
Per set of 4 sections   15.00 
coax, rotary joint   8.00 

Magnetron coupling to  rigid coax   4.00 
it" rigid coax. Rt. angle bend 15" long 
overall    2.00 

3 CENTIMETER 
Pick-up loop with adjustable tuning section, 
used in duplexer cavity   1.50 

Thermistor mount in wave guide with tun-
able terminations   8.00 

Tuner/attenuator, W.E. guide, gold plates   3.75 
TR/ATR section with wavemeter iris flange  4.00 
CO/APS-3. wavegulde section. 10" choke to 
cover    1.75 

Right angle elbow.  5%"  choke to cover, 
21A" radius. E plane   4.50 

11 plane   5.50 
Twist. 90 deg. 6" choke to rover   5.00 
Wave Guide Sections 2.5' long, silver plated 
with choke flange  $5.75 

Wave Guide 90 deg. bend E Plane 18" long 4.00 
Wave Guide 90 deg. bend E plane with 20DB 
directional coupler   4.75 

Wave Guide 18" long "S" curve   2.00 
Rotary Joint choke to choke   6.00 
Rotary Joint choke Input; round guide output  5.25 
8-Curve Wave Guide 8" long cover to choke  2.50 
Duplexer Section using 1B24  10.00 
Wave Guide 5' length per foot   1.50 
3 Cm Wavemeter Maguire 1528TFX-240A  15.00 
3 Cm stabilizer cavity. turnable transmission 
type. Model 1551 (TFX 11 GA)   20.00 

3 Cm wavegulde. 1.4" a 1,‘" 15 Ft. lengths 
available Per Ft.   1.50 

1.25 CENTIMETER 
Wave Guide Section 1" cover to cover   
T Section choke to cover   
Mitred Elbow cover to cover   
Mitred Elbow and "S" sections choke to 
comer   

Flexible Section 1" long choke to choke   
CONNECTORS 

PG 21/U. Type "N". Male  $ .85 
PG 86/U. Gold Plated   .95 

2.75 

$2.00 
4.50 
3.00 

LII 
3.00 

All merchandise guaranteed. Mail orders promptly filled. All prices, F.O.B. New York City. 
Send Money Order or Check. Shipping charges sent C.O.D. 

CO M MUNICATIONS EQUIP MENT CO. 
(Continued on page 55.4) 
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ENGINEERS 
The Crosley Division, AVCO Manufacturing Corporation is rapidly expand-
ing its television department and has excellent openings for a few qualified 
engineers and technicians. Modern laboratory and other engineering facilities 
provide ideal working conditions. Forty-hour week, insurance and hospitaliza-
tion plan, and pension plan. Opportunities unlimited. Salary based on ex-
perience and ability. 

ENGINEER, SENIOR—College graduate. At least two years' experience 
in product development of television receivers. Thorough knowledge of circuit 
design and analysis. 

ENGINEER, SENIOR—College graduate. At least four years' experience in 
high frequency circuit development. Experience in television, R.F. circuits and 
frequency modulation desirable. 

ENGINEER, JUNIOR—College graduate with experience in product de-
velopment of television and radio receivers. Experience in the development 
or maintenance of radar or similar equipment helpful. 

TECHNICIAN, SENIOR—College degree or equivalent. Some experience 
in high frequency circuits, particularly television R.F. circuits. Be familiar 
with test procedures. Will train to a limited degree. 

In replying give age, experience, education, and salary requirements, ad-
dressing replies to Crosley Division, AVCO Manufacturing Corporation, 1329 
Arlington Street, Cincinnati 25, Ohio, attention Director of Research and En-

gineering. 

Experienced  Senior 

Engineers Electronic 

Missile Control 

Navy project for Guidance and Con-

trol of Missiles requires Senior En-

gineers for responsible positions in 

analysis, development and test of 

radar equipment, electro-mechani-

cal  servo-mechanisms,  electronic 

timing and control circuits, and 

other associated equipment. Bache-

lor's Degree in Electrical Engineer-

ing or Physics required, with Mas-

ter's Degree or equivalent study of 

Mathematics, Electronics and Ap-

plied Physics desirable. Salary to 

$7500.00 depending upon qualifica-

tions. 

Write or phone Mr. C. D. Perrine, 

Jr., Chief Electronics Engineer 

Pilotless Plane Division 

FAIRCHILD ENGINE AND 
AIRPLANE CORPORATION 
FARMINGDALE  LONG ISLAND 

FARMINGDALE 1410 

WANTED 
PHYSICISTS 
ENGINEERS 
Engineering  laboratory  of  precision 

instrument manufacturer has interest-

ing opportunities for graduate engi-

neers with research, design and/or 

development experience on radio com-

munications systems, electronic & me-

chanical aeronautical navigation In-

struments and ultra-high frequency & 

microwave technique. 

WRITE FULL DETAILS 

TO 

EMPLOYMENT SECTION 

SPERRY 
GYROSCOPE 

COMPANY, INC. 

Marc., Ave. & Lakeville Rd. 
Lake Success, L.I. 

The following positions of interest to 
I.R.E. members have been reported as 
open. Apply in writing, addressing reply 
to company mentioned or to Box No. ... 

The Institute reserves the right to refuse any 
announcement without giving a reason for 
the refusal. 

PROCEEDINGS of the I.R.E. 
I East 79th St., New York 21, N.Y. 

ELECTRONIC ENGINEERS 

Unusual opportunities for senior en-
gineers experienced in recording sound on 
film and magnetic tape recording; micro-
wave-antennae,  wave  guides,  mixers, 
cavity resonators; receiver engineer-design 
experience in broad band receivers. Radar 
preferred. Two or three years experience 
in U.H.F. work. Outstanding opportunity 
for top flight men with a small aggressive 
company. Write Melpar, Inc. Employment 
Section, 452 Swann Ave., Alexandria, Vir-
ginia. 

ENGINEER OR PHYSICIST 

Engineer or physicist for mathematical 
research work on vacuum tubes. Should 
have a good knowledge of microwave tubes 
and electron optics. Apply Director of Re-
search, 350 Scotland Road, Orange, new 
Jersey. National Union Radio Corpora-
tion. 

SCIENTISTS AND ENGINEERS 

Wanted for research and advanced de-
velopment work in the fields of micro-
waves, radar circuits, gyroscope systems 
and general electronics. Scientific or en-
gineering degrees required. Salary com-
mensurate with experience and ability. In-
quiries should be directed to Mgr. Engi-
neering Personnel, Bell Aircraft Corp., 
Buffalo 5, N.Y. 

JUNIOR ENGINEER—Editor and Writer 

Excellent opportunity for experienced 
writer in radio and electronic fields to edit 
technical publication and handle articles 
for electronic, broadcast, aviation and ama-
teur radio press. Congenial surroundings in 
attractive midwestern city. Please give full 
praticulars as to background, experience, 
age and salary in first letter. Collins Radio 
Company, Cedar Rapids, Iowa. 

ENGINEERS AND PHYSICISTS 

Several openings available in radar and 
in medium and ultra high frequency design 
work. Positions are in an Engineering De-
partment of a progressive middle western 
manufacturer. Physicists will find un-
usual opportunities in the Research De-
partment. A degree from a recognized en-
gineering college is essential as well as 
good industrial experience. Address reply 
to Collins Radio Company, Cedar Rapids, 
Iowa. 

ELECTRICAL ENGINEERS AND PHYSICISTS 

An expanding program of teaching and 
research has created opportunities as in-
structor, assistant professor, and associate 
professor level in this large mid-eastern 
college. Your inquiries are invited. Box 
500. 
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SALES ENGINEER 

Manufacturer's representative wants as-
sistant to cover Connecticut territory. Must 
have sales experience and knowledge of 
electronic components. Salary, expense al-
lowance and commission. Please furnish 
complete background information. Box 
501. 

MECHANICAL ENGINEER 

Mechanical engineer to prepare technical 
manuscripts covering certain operations of 
the Los Alamos Laboratory. Applicant 
must have a B.S. degree in mechanical en-
gineering and considerable experience in 
engineering and technical writing. Inter-
ested persons may write directly to Em-
ployment Director, P.O. Box 1663, Los 
Alamos, New Mexico. 

ACOUSTICAL ENGINEER 

Acoustical engineer wanted with experi-
ence in microphone or pickup design. Must 
know mechanical and acoustical circuits. 
Write details of experience and education 
to Engineering Department, Electro-Voice, 
Inc. Buchanan, Michigan. 

ENGINEERS 

(1) Mid-western  manufacturer  has 
opening for electronic engineer with 
background in electronic circuit de-
sign and instrumentation. Experi-
ence with pulse technique, servo-
systems or telemetering procedures 
is desirable. Unlimited opportunity 
in a specialized field. Submit com-
plete resume and salary desired. 

(2) Electrical designer with drafting 
experience and knowledge of me-
chanical layout. Experience in de-
sign of automatic test equipment 
desirable. State salary expected. 

(3) Electro - mechanical  draftsman. 
Must know symbols and be able to 
make composite layouts of electrical 
sub-assemblies. State salary desired. 
Write Box 502. 

DEVELOPMENT ENGINEER 

Development Engineer needed to design 
and develop electronic instruments for re-
search work. Excellent opportunity for a 
man with degree and practical experience 
in test equipment construction. Write, giv-
ing full details of education and experience 
to Personnel Office, University of Chicago, 
956 E. 58th Street, Chicago 37, Illinois. 

INSTRUCTOR 

Southwestern church-related University. 
Man with masters degree and teaching ex-
perience to teach radio theory and elec-
tronics. Salary range: $3,000-$3,300 for 
9 months depending upon experience. Box 
505. 

ELECTRONICS ENGINEER 

Electronics engineer for carrier tele-
phone work by a St. Louis manufacturer 
of public utility equipment. Several posi-
tions open. Box 506. 

ENGINEERS 

Technical college in northern New York 
is adding several staff members to the 
Department of Electrical Engineering. 
Men with some experience in research or 

(Continued on page 52A) 

Report No. 2 from typical PARA-FLUX REPRODUCER 

18,720 SHELLAC RECORDS PLAYED CON-
TINUOUSLY WITH ONE PARA-FLUX RE-

PRODUCER. .. WITHOUT EVEN THE POLISH 
RUBBED FROM THE DIAMOND POINT 

Spot Sales, inc.,  .( . REPORTS: 

users 

"As you know, we put your Para-flux tone arm and pick-up through quite a 
severe test in our Store Broadcasting Operation. We are reproducing shellac 
phonograph records as well as vinylite transcriptions continuously for about 
twelve hours per day, six days per week. We use all of our phonograph records 
on one turntable and all of our vinylite transcriptions on another turntable. 
For four months we used your Para-flux pick-ups continuously and at the end 
of that time we had them examined under a microscope and neither pick-up 
showed any wear or distortion. We are using your turntable equipment, your 
equalizing network and Para-flux tone arms and pick-ups and the quality of 
our reproduction not only surprises but rather amazes everyone who hears it. 
Your equipment has completely solved our problems and has given us the most 

faithful service and quality of reproduction we have been able to find. 

"I thought I would just drop you this note to let you know how excellently 

your equipment is serving us." 
LOREN L. W ATSON 
President 

IIADIO-MITSIC CORPORATION 
PORT CHESTER  •  NE W l'OR 

Engineers—Electronic 
Senior and Junior, outstanding opportunity, small growing 
company. Forward complete resumes giving education, ex-
perience and salary requirements to 

Box 509 
The Institute of Radio Engineers 
1 East 79th St., New York 21, N.Y. 

"Where 
Professional 
Radiomen 
Study" 

CAPITOL RADIO 
ENGINEERING INSTITUTE 

An Accredited Technical Institute 
16th and Park Rd., N. W. 
Washington 10, D. C. 

Advanced 
Home Study and Residence 
Courses in Practical Radio. 
Electronics and Television. 
Approved for Veteran Training. 

PROCEEDINGS OF THE 1.12.E. February, 194 51A 



OMNI-DIRECTIONAL RANGES 

RUNWAY LOCALIZERS 

sVimISIJULATLA-NAEU0RuAst RANGES 

The  

MAGIC of 

All the outstanding advantages of VHF 
communication and navigation are com-
bined in two new Systems designed and 
manufactured by Aircraft Radio Corporation. 

THE TYPE 15A VHF OMNI-DIRECTIONAL RANGE RECEIVING SYSTEM 
provides an unlimited number of courses from the new VHF 
Omni-Directional Ranges, as well as operation on VHF Runway 
Localizers and Visual-Aural Airways Ranges. Simultaneous voice 
feature is included on these ranges. The tunable A.R.C. Receiver 
makes it possible to receive VHF communications on any fre-
quency selected while in flight — no need for several receivers 
to cover the entire VHF band. 

THE TYPE 18 VHF TRANSMITTING SYSTEM normally is used in 

combination with the Type 15 to provide complete 2-way VHF 
Communication — or it may be used alone for dependable, pow-
erful VHF Transmission. Additional transmitters may be added 
to cover a wider range of frequencies if such coverage is required. 
Units of the type 18 System have been Type-Certificated by 

the CAA for use by scheduled air carriers. Yet their light weight 
and moderate cost make them ideally suited to the operational 
requirements of executive-type aircraft. Other combinations of 
A.R.C. equipment are available to meet every operational need. 
The dependability and performance of these VHF communi-

cation and navigation systems spells increased safety in flight, 
more efficient aircraft operation. Specify A.R.C. for your next 
installation. 

rci-aft  adio  orporation 
'01111801..„.-  Boonton, N. 1. 

(Continued from page 51A) 

design and development in communica-
tions—electronics or physics are preferred. 
Salary and rank will be commensurate with 
training and experience. Box 508. 

ENGINEER, SENIOR 
Fine opportunity with a large mid-

western radio corporation. Must have a 
minimum of three years' experience in 
loud-speaker design and materials used in 
manufacturing. College education in elec-
tronics or equivalent. In replying state age, 
education, experience, and salary require-
ments. Box 507. 

ELECTRONIC 
ENGINEERS 
WANTED 

Engineers experienced in the 
development and design of 
electronic equipment. 

Opportunity  for  advance-
ment with long-established 
and growing company. Lab-
oratories and plant situated 
in pleasant, open surround-
ings on Long Island within 
half hour of New York City. 

Also openings for Junior En-
gineers. 

Write details of education 
and experience to 

Personnel Office 
HAZELTINE 
ELECTRONICS 
CORPORATION 

Little Neck, L.I., N.Y. 
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THESE EXTRA SMALL 

COIL FOR MS FIT INTO 

TIGHT PLACES 

Graphs show frequency ranges 
covered by Me 'ive standard 
sizes of ISM cod 1.53 Coils. Write 
for full-size ccpies. 

If small space is your problem — 
as in peaking coils in strip amplifiers, 
chokes, R. F. coils, oscillator coils, 
single-turned I. F. coils, etc.—you'll 
find space-saving one of many advan-
tages in CTC Slug Tuned Coil Forms. 
Coil forms are of quality paper-

base phenolic, high frequency grade. 
Mot.nting bushings and ring-type 
terminals are brass, the bushings 
cadmium plated and terminals silver 
plated. Necessary mounting hard-
ware is supplied. 

DIMENSIONS 
LSM — Extreme small size; only 

27/32' high when mounted; coil 
form,  W  diameter;  mounts  in 
single #18 hole; mounting bushing 
has 8-32 thread. 
LS3 — Moderate small size; 1 W 

high when mounted; coil form, W 
diameter; mounts in single Yi hole; 
mounting has !i-28 thread. 

WINDINGS 
CTC LSM and LS3 Coil Forms 

are available unwould or in any of 
five standard windings: 1, 5, 10, 30 
and 60 megacycles. They are also 
wound to specifications. (Standard 
slug is high-frequency type.) CTC 
will custom-engineer special coils of 
practically any size and winding . . . 
Let us talk over your requirements. 

\o' 

Turret 
Lugs 

• 

Swoger 

Split  Short 

Double-End Terminal 
Board 

Cttstent  1.. Thesteleptel 

Ti e fecflaiattireett 

ContitatsettiCt 

*  * *  * 

Positions Wanted 
By Armed Forces 

Veterans 

In order to give a reasonably equal op-
portunity to all applicants, and to avoid 
overcrowding of the corresponding col-
umn, the following rules have been 
adopted: 
The Institute publishes free of charge 

notices of positions wanted by I.R.E. mem-
bers who are now in the Service or have 
received an honorable discharge. Such 
notices should not have more than five 
lines. They may be inserted only after a 
lapse of one month or more following a 
previous insertion and the maximum num-
ber of insertions is three per year. The 
Institute necessarily reserves the right to 
decline any announcement without assign-
ment of reason. 

JUNIOR ENGINEER 

B.S.E.E., B.S.M.E. 1939, University of 
Paris. Age 28. Completing gradate work 
E.E. electronics at B.P.I. New York. 21/2 
years Army Signal Corps experience on 
RDF and communications equipment. 
Seeks position as Junior Engineer, physi-
cist or instructor in New York City area. 
Box 130W. 

TECHNICAL EDITOR 

Former AAF officer with four years 
experience in writing and editing technical 
project reports and summaries, budget 
defenses, press releases, technical papers, 
etc. Assigned during this period to Radia-
tion Laboratory, M.I.T. and Aircraft Ra-
dio Laboratory, Wright Field. Additional 
experience as sales engineer (2 years), 
radio and radar technician (2 years), and 
two years of college credits towards E.E. 
degree. Box 131 W. 

ELECTRONIC ENGINEER 

B.E.E. Ohio State University, June 
1948. Two years as electronics technician, 
U. S. Navy. Would like position in re-
search or development. Vicinity New York 
or Cleveland. Box 136W. 

ELECTRICAL ENGINEER 

B.S. in E.E. 1944, University of New 
Brunswick (Canada). M.S. 1947 Univer-
sity of Western Ontario. Age 23. Single. 
Former officer Royal Canadian Signals. 
Limited experience in telephone work. De-
sires electrical engineering employment 
abroad, preferably in tropics. Box 138W. 

RADIO ENGINEER 

B.E.E. from N.Y.U. 1947; Graduate 
work B.S. in physics from C.C.N.Y. 1943. 
Signal Corps radio and repeater man 
telephone experience. Desires design and 
development work in radio, industrial elec-
tronics or communications. Box 137W. 

ELECTRONICS ENGINEER 

B.E.E. Drexel Institute, 1936. 11 years 
experience in radio transmitter design, 
electronic control circuits, bridge, oscilla-

CA MBRIDGE  THER MIONIC  CORPORATION 

456 Concord Avenue, Cambridge 38, Mass. 
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NOE ten 1,000 pages 

Handsomely bound in RED and GELD 

All data and basic knowledge in 
radio and electronics 
digested into 12 sections . . . 
in a complete, quick to find, 
easy to read, handbook form. 
Plan every operation in radio and electronics with the 

Radio Data Book. This new radio bible will be your 
lifelong tool  .. you will use It every day, on the board. 
at the bench. In the field! Use it for construction, trouble-
shooting and testing. The RADIO DATA BOOK will be 
your invaluable aid in design, experiment and in layout. 
It will help make your production better, faster and 
easier. In any and every operation in radio and Coe-
tronics, you will us, the RADIO DATA BOOK? 
The RADIO DATA BOOK is a work of comrgete 

authority, prepared by engineers with many years of 
practical experience. They have been assisted by the 
Boland & Boyce staff of editors skilled in preparing 
electronics manuals for the 11. S. Signal Corps for many 
years. These men have worked for several years gathering 
material for this book  . . all the knowledge of radio 
principles and operation . . all the statistics . . . all 
the newest developments in electronics  every poeettde 
angle and detail. Eighteen months were spent digesting 
this material into the most condos, the clearest, and the 
most readable form. The result is this invaluable manual 
. . . The RADIO DATA BOOK. Whether you use this 
honk for general reference, for scientific instruction, or for 
education, one thing is certain—the practical help, the 
daily usefulness you will derive from it will prove to be 
worth many, many times its astonishingly low pricer 
Advanced Sale . . . first printing. Only 10.000 avail-

able. . .  To make sure to get your RADIO DATA 
BOOR, mall your order NOW, 

12 'belong ... 1000 pages ... Completely Illustrated 
Section I. THE 150 BASIC CIRCUITS IN RADIO. 
Section 2, COMPLETE TEST EQUIPMENT DATA. 
Section 3. TESTING. MEASURING AND ALIGNMENT. 
Section 4, ALL ABOUT ANTENNAS. 
Section 5. SOUND SYSTEMS. 
Section & ELECTRICAL AND  PHYSICAL CHARAC-

TERISTICS OF RADIO COMPONENTS. 
Section 7. COMPLETE TUBE MANUAL 
Section S. CHARTS. GRAPHS AND CURVES. 
Section S. CODES. SYMBOLS AND STANDARDS. 
Section 10. 50 TESTED CIRCUITS DESIGNED FOR 

OPTIMUM PERFORMANCE. 
Section  II. DICTIONARY  OF  RADIO  AND  ELEC-

TRONIC TERMS. 
Section  12. RADIO BOOK BIBLIOGRAPHY. 

12 complete books in one only  $5. 0 01 

Less than 42c per book! 

MAIL THIS COUPON TODAY! 
IRE-2 

BOLAND & BOYCE INC., PUBLISHERS 
460 BLOOMFIELD AVE.. MONTCLAIR 4, N. J. 

Please send me a copy of THE RADIO DATA BOOK. 
Enclosed is $5.00. 

NAME   

ADDRESS   

CITY   ZONE   

STATE    

BOLAND & BOYCE INC., PUBLISHERS 
(Continued on page 54A) 
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NEY 
Precious Metals 
in Industry 

A marked increase in service life and 

performance of brush contacts is made 

possible by using minute quantities of 

an appropriate precious metal alloy for 

the actual contact. The photograph above 

shows brush arms and contacts used in 

a variety of typical applications. Note 

the small amount of precious metal 

needed to assure superior service. 

Ney also offers industrial users a 

wide range of precious metal alloys for 

many specialized applications as well as 

gold solders and fine resistance wires 

(bare or enameled). Details on request. 

Write or phone (HARTFORD 2-4271) our Research Department 

THE 3. M. NEV rOMPANV 171 ELM STREET • HARTFORDI, CONN. 

SPIECIAIISIS IN PRECIOUS METAL META1.1111161 SINCE P412 

tKVil R H-7- C SUCCESSOR TO 
RH-243 

An adaptation of the famous RH-7 crystal unit. RH 7C of-
fers such advantages as: 

• Smaller Size (1- x  x 11/32-. more than ' 3 smaller 
than RH-243) 

• Smaller Weight (Less than ' 4 the weight of RH-243) 

• Improved Accuracy (can be made to ±0.005% over a 

temperature range of — 55 C to + 90• C). 

• Greater Frequency Range (3-15 mc Fundamental and 
15-75 mc Harmonic Mode, compared to RH-243's 3100- 
10.000 kc.) 

• True Hermetic Seal 

• The Greater Stability of Wire Mounting 

-tit Completely Interchangeable with RH-243 

R  /  REEVES-HOFFMAN 
 CO R P O R A TI O N 

SALES OFFICE: 215 EAST 91 STREET, NE W YORK 28, N 

PLANT, 321 CHERRY STREET, CARLISLE, PA. 

V ' 

Positions Wanted  
(Continued from page 53A) 

tor, amplifier and null detector design. In-
vestigation of foreign electronic equip-
ment. Also new short wave therapy cir-
cuits. Box 123 W. 

ELECTRONIC ENGINEER—PHYSICIST 

Electronic Engineer—Physicist. Grad-
uated Princeton University. Wide research 
experience.  Circuits,  aircraft-servo-
mechanisms, microwave plumbing, an-
tennas. Able to take full charge of project 
from design specifications through pre-
liminary manufacture. Prefer small ag-
gressive company with aircraft connec-
tions. Box 141 W. 

ENGINEER 

Engineer, 25 years old desires personnel 
or contact position where three years as a 
Signal Corps officers followed by two years 
of electronic laboratory and factory experi-
ence will pay dividends. Married and will 
locate anywhere. Box 142 W. 

DESIGN AND DEVELOPMENT ENGINEER 

Design and development engineer—Ex-
tensive experience FM and VHF, broad-
cast equipment and audio, some micro-
wave. Both theoretical and practical back-
ground. Registered Professional Engineer. 
Employed but good reason for desiring 
change. Box 143 W. 

PHYSICISTS 
ENGINEERS 

The establishment of a 
new section in our re-
search laboratory requires 
the services of Junior and 
Senior Electronic Engi-
neers, Servo Engineer and 
Physicists. 

An excellent opportu-
nity to grow with this ex-
panding group and receive 
responsibility commensu-
rate with your ability. 

EMPLOYMENT SECTION 



HIGH FIDELITY EV-635 
MICROPHONE 
USES "XL" PLUG 

Electro-Voice has equipped the 
new EV-635 High Fidelity Dynamic 
Microphone for studio and remote 
broadcasting, with the Cannon 
Type XL-3-11 
Plug—a quality 
plug for a qual-
ity microphone. 

Shown at left is 
the new XL-3-36 
Wall  Receptacle 
(pin insert) en-
gaged with an XL-
3-11 Plug. XL-3-36 
is priced at 15.43 
List; and XL-3-35 
(socket  insert) 
14.93 List. 

For a practical, low cost but high 
quality connector series having 
three 15-amp. contacts, noose the 
"XL". Four plug types and six re-
ceptacles with 3 adapter recep-
tacles are available. Min. flashover 
voltage 1500 Volts. 

Above are the two zinc plugs 
(Left) XL-2-12, List $1.20 and 
(right) XL-2-11, List $1.25. 

No other small electric connector 
has all the features of the XL, in-
cluding the safety latch lock. 

XL Connectors are available from 
more than 250 radio supply houses 
throughout the U.S.A. 

For complete information 
on the XL, write for Bul-
letins XL-147 and XL-PRI. 
Address Dept. B-377. SINCE 1915 

W N W 
IILICTRIC 
„ae,40# 0aoy 

(A N N ON 
Of C  C 

3209 HUMBOLDT ST., LOS ANGELES 31, CALIF. 
IN CANADA & BRITISH EMPIRE: 

CANNON ELECTRIC CO., LTD., TORONTO 13, ONT. 
WORLD EXPORT (Excepting British Empire): 
FRAZAR & HANSEN, 301 CLAY ST., SAN FRANCISCO 

News—New Prod ucts 

These manufacturers have invited PROCEEDINGS 

readers to write for literature and further technical 

information. Please mention your I.R.E. affiliation. 

(Continued from page 49A) 

Tetrode Type 4-400A 
A new 400-watt Eimac tetrode, known 

as type 4-400A, has been announced by 
Eitel-McCullough, Inc., 189 San Mateo 
Ave., San Bruno, Calif. 

This new tetrode is ruggedly designed, 
physically small, and of compact structure. 
Design features which contribute to its 
stability, long tube life, and economy of 
operation, are the short low-inductance 
leads, processed nonemitting grids, thori-
ated-tungsten filament, and plate of new 
Eimac material, Pyrovac. 
The 4-400A is radiation-cooled, and is 

suggested for use in the special Eimac 
socket and air duct. According to the 
manufacturer, two of these tetrodes con-
servatively operated will provide over 1 
kw. output power at 4000 plate volts on 
the 88-108-Mc. f.m. band. 

Permanent-Magnet Speakers 
A standard line of permanent-magnet 

speakers for general replacement and 
sound-systems work has been announced 
by the Tube Department, Radio Corpora-
tion of America, Harrison, N. J. 
Engineered to RMA standards, these 

speakers feature high-quality cones for 
rattle-free response, rugged dustproof and 
rust-resistant mechanical construction, 
powerful Alnico magnets, and moisture-
proof centering. The line includes a con-
trolled-resonance 12-inch speaker, a 4-inch 
and a 5- inch speaker, a 4 -by -6. inch 
elliptical speaker, and a 2 - by - 3 -inch 
elliptical speaker. 
Complete specifications and descrip-

tions of the speakers are included in Cata-
log Sheet 2F384R, available from RCA 
tube distributors or from the Renewal 
Sales Section, Tube Department, Harrison, 
N. J. 

(Continued on page 56A) 
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News—New Products 

ACCURATELY-MACHINED 

PARTS . „ ca 4 awl 
eade4 made add 

TAYLOR LA MINATED PLASTICS 

THE VERSATILITY of Taylor Laminated Plastics 

makes possible the fabrication of parts with struc-
tural, mechanical, and electrical properties to fit 

almost any engineering problem involving the 

mass-production of small, accurately-sized parts. 

The three parts illustrated above, for example, 

selected at random from thousands of such parts 

being turned out daily in the modern Taylor plant, 

involve two different types of Phenol Fibre and 

one of Vulcanized Fibre. No. 1 is a switch 

back machined from Phenol Fibre and having 

excellent moisture-resistance and electrical prop-

erties. No. 2 is an end lamina for a fractional 

horsepower motor, punched and formed from 

Vulcanized Fibre. No. 3 is a coil bar support for 

a secret electronic device which is sawed, milled, 

and drilled from Phenol Fibre having especially 

good insulating qualities and mechanical strength. 

If your production problem involves great quan-

tities of parts with light weight, great strength, 

and special insulating or dielectric qualities, let 

our engineers tell you what Taylor can do for you. 

20Pure ad TODAY! 

TAYLOR  FIBRE  CO MPA NY 
LAMINATED PLASTICS: PHENOL FIBRE • VULCANIZED FIORE • Sheets, Rods, Tubes, and Fabricated Parts 

NORRISTOWN. PENNSYLVANIA - OFFICES IN PRINCIPAL CITIES • PACIFIC COAST PLANT: LA VERNE, CALIFORNIA 

These manufacturers have invited PROCEEDINGS 

readers to write for literature and further technical 

information. Please mention your I.R.E. affiliation. 

(Continued front page 55A) 

H & K Frequency-Shift 
Receiver Terminal 

The Type A-4601 Dual-Diversity Re-
ceiver Terminal has been added to the 
line of frequency-shift equipment now be-

ing produced by 
the  Communica-
tions  Equipment 
Division of Heintz 
& Kaufman, Ltd., 
50 Drumm St., San 
Francisco, Calif. 
This unit accepts 

a frequency-shifted 
signal  from  two 
communications re-
ceivers and con-
verts it either to 
t one, neutral, or 
polar d.c. keyed in 
accordance with tel-
egraphic intelligence. 
The recording de-
vice may be radio-

type, teletype, or a high-speed telegraph 
tape recorder. 
A crystal oscillator and b.f.o. unit pro-

vides stable high-frequency and beat-fre-
quency injection voltages to both receivers. 
The audio response from each receiver is 
thus identical in frequency. 
The input filters have a range of 1850 

to 3250 cycles. The response is down 70 
db at 1700 cycles, and 60 db at 3400 cycles. 
A frequency shift between 600 and 900 
cycles may be used. 
The A-4601 permits an improvement of 

11 db in signal-to-noise ratio over make-
break systems by virtue of using frequency 
shift alone, according to the manufac-
turer. Further gains are obtained under 
circuit conditions where noise and atmos-
pherics are high. The gain of the H & K 
dual-diversity system over a single-channel 
make-break system approximates 22 db. 
Another advantage of the frequency-shift 
system is that it makes high-speed keying 
possible with no loss of selectivity. 
The complete terminal is mounted in 

two relay racks each measuring 6 feet by 
19 inches. It is designed for 110-125-volt 
operation, 60 cycles, and has a power re-
quirement of approximately 150 watts. 

-14 

6.1 f'— 

Interesting Abstract 
• • • The Electronic Engineering Co. of 
California has recently been organized by 
Burgess Dempster and R. B. Bonney with 
Headquarters at 2008 West Seventh St., 
Los Angeles 5, Calif. They are doing gen-
eral electronic consulting and are also 
available to represent eastern firms who 
require technical representation in Cali-
fornia. Mr. Dempster was formerly with 
the Magnavox Company and the Crosley 
Corp., and Mr. Bonney was previously 
with R. C. A. and Crosley Corp. 

(Continued on page 57A) 
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News—New Products 
These manufacturers have invited PROCEEDINGS 

readers to write for literature and further technical 

information. Please mention your I.R.E. affiliation. 

(Continued from page 56A) 

New Geiger-Mueller 
Counter 

A new Geiger-Mueller counter, Model 
1)11, has been announced by Instrument 
Development Laboratories,  223  West 
Erie St., Chicago 10, Ill. This new counter 
was designed for use with recording instru-
ments, and is all glass with a window thick-
ness of 25 milligrams per square centime-
ter. Over-all dimensions of the counter are 
8Xj inches, with an active length of 3 
inches. Cathode material may be specified 
as copper or silver, and the central wire is 
made of 0.004-inch polished tungsten. 

Interference Filters 
A new series of heavy-duty radio-inter-

ference filters for wiring circuits, screened 
rooms, and industrial equipment is now 
available from Solar Manufacturing Corp., 
1445 Hudson Blvd., North Bergen, N. J. 
Type EB series Elim-O-Stat filters 

are furnished in standard Underwriters'-
approved heavy cadmium-plated-steel sur-
face cabinets. Type EB filter assemblies 
have a noise elimination range of from 150 
kc to 250 Mc., covering all frequencies 
used for radio communication and enter-
tainment, as well as commercial television. 
Descriptive literature is available upon 

letterhead request. 

(Continued on page 58A) 

NOTICE 
Information for our News and 

New Products section is warmly 

welcomed. News releases should 

be addressed to Mrs. Harriet P. 

Watkins, Industry Research Divi-

sion, Proceedings of I.R.E., Room 

707, 303 West 42nd St., New York 

18, N. Y. Photographs, and elec-

trotypes if not over 2" wide, are 

helpful. Stories should pertain to 

products of interest specifically to 

radio engineers. 

MANY FEATURES IN ONE INSTRUMENT 

METER 

TYPE /60-A 

©-4-1—#© 

SIMPLIFIED LAYOUT AND SCHEMATIC OF THE 160-A 0-METEA 

THB BASIC METHOD OF MEASUREMENT EMPLOYED IN THE 160- A 0- METER 
An R.F. oscillator (E) supplies a heavy current (I) to a low resistance load (R), which i 
accurately known. The calibrated voltage across the load resistance (R) is coupled to a 
series circuit consisting of theinductonce under test (L)and a calibrated variable air cap = 
itor (Co) having a vernier section (CI). When this series circuit is tuned to resonance by 
means of capacitor (Co-I--C:), the "0-of (L) is indicated directly by the V.T. Voltmeter (V). 
Variations of this method ore used to measure inductance, capacitance and r esistance. 
Oscillator Frequency Range: 50 kc. to 75 mc. in 8 ranges. Oscillator Frequency Accuracy: 
*1 %, 50 kc. -50 mc. 0-Measurement Rang*: Directly calibrated in 0, 20-250. 
Multiplier extends 0 range to 625. Capacitance Rang*: Main section (Co)30-450 mmf. 
Vernier section (COI 3 mmf, zero, —3 mmf. 

BOONTO 'RADIO 
BOONTON NJ USA 

DESIGNERS AND 
MANUFACTURERS OF 

THE 0 METER 

OX CHECKER 

FREQUENCY 
MODULATED 

SIGNAL GENERATOR 

BEAT FREQUENCY 
GENERATOR 

AND OTHER 
DIRECT READING 
TEST INSTRUMENTS 

c.2 
GikIF OF A SERIES 

ALNICO MAGNETS 

let V 

MAGNETS OF ALNICO are standard for all DC 

instruments because it is the most stable mag-

netic material available, having greatest resist-

ance to effects of stray magnetic fields, vibration, 

shock and heat. All ranges AC and DC available 

in 21/2". 31/2", 41/2", rectangular or round case 

styles and are fully guaranteed for one yeas 

against defects in workmanship or material. Re-

fer inquiries to Dept. I 28. 

7, INSTRU MENT COMPANY 
BURLINGTON, IO WA 
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pREmAX 

Elements 
For Rotary 
Bea ms... 

• Light 'freight 

• Durable 

• Adjustable 

Designed to meet the need for light-

weight but sturdy elements for use in 

horizontal arrays and similar applica-

tions, Premax Corulite Elements are 

unusually light in weight and their spe-

cial corrugated or reeded design pro-

vides exceptional strength and the 

rigidity so essential in horizontal in-

stallations. 

Available in 5' to 17' lengths, or in 

special 10 and 20-meter kits. Fully 

telescoping and adjustable over 5' 

length. 

See your radio jobber. If he can-

not  supply  you,  write  direct. 

Division Chisholm•Ryder Co., Inc. 

4811 Highland Ave., Niagara Falls, N.Y. 

News—NewProducts 
. These manufacturers have invited PROCEEDINGS 

readers to write for literature and further technical 

, information. Please mention your I.R.E. affiliation. 

( ,iH,,o,1 iron,  57.4) 

New Voltmeter 
A recent addition to the line of meas-

urement instruments manufactured by the 
Electronic  Measurements  Corp.,  423 
Proorne St., New York, N. Y., is the Model 
120 Voltmeter illustrated below. 

The manufacturer claims that this 
model gives wide resistance range (0.2 
ohm to 300 megohms) and high a.c. volt-
age sensitivity (10,000 ohms per volt). 
Other features include an a.c.-voltage 

frequency range of 30 cycles to 1 Mc.; 
special precision voltage multipliers, ac-
curate to 1 percent; and a rectifier battery 
replaceable without soldering iron. No ex-
ternal source of power is required for a.c. 
voltage measurements. 

Miniature Precision Resistors 
The Shallcross Manufacturing Co., of 

Collingdale, Pa., has announced four new 
small-size Akra-Ohm precision resistors 
which afford interesting possibilities for 
designers of miniature equipment where 
the need is for small, close-tolerance units. 
Type 136, the smallest Akra-Ohm resistor 
yet produced by this manufacturer, has a 
maximum wattage rating of 0.25 and is 
only 1 5/32 inches long by 3/8 inch in 
diameter. Maximum resistance of this 
unit is 150,000 ohms. Standard tolerance is 
1 per cent although closer tolerances can 
be furnished on special order, as can special 
impregnation for operation under highly 
humid conditions. 
Types 137, 133, and 134 are 2-, 3-, and 

4-section units with 3, 4, and 5 leads re-
spectively and with 0.25 watts maximum 
load per section. Maximum resistance of 
550,000 ohms is available in Type 133. 

We will be grateful if you will 

mention PROCEEDINGS of the 

I.R.E. when writing to our ad-

vertisers. 

and now the 
NEW Precision 
Electronamic* 
Test Master 

SERIES 10-20 

Combination 

Tube PERFORMANCE Tester, 
Battery Tester and 

34 range AC-DC Circuit Tester 

• Reg. Pend. U. S. Patent Otfi.e 

• A tube tested for just one characteristic does 
not necessarily  reveal  overall  performance 
capabilities.  In the  Precision  Electronamic 
Tube Tester, the tube is electro-dynamically 
swept over a complete Path of Operation, on a 
sinusoidal time base which is automatically 
integrated by the meter in direct terms of 
Replace- Weak-Good. 
Affords highest practical order of obsolescence 

insurance thru use of the Precision 12 station 
Master Lever Element Selector System. 

THE SERIES 10-20 
TEST MASTER 

is particularly  engineered  for  general-purpose 
industrial and electronic maintenance, service and 
installation. Tests all modern standard receiving 
and low power transmitting tubes; including facili-
ties up to twelve individual element prongs; dual. 
capped H.F. amplifiers, S & 7 pin acorn types, 
Nova! 9 pin tubes, etc. 

CIRCUIT TESTING FEATURES 
34 self-contained ranges, to 3000 volts, 10 megohms, 
12 amperes, + 64D8. • 400 microampere, 45/s" 
meter • All standard functions at only two t.p. 
jacks • Push-button range selection. 

•11111111N 

'104).6000000 
n-, 

MODEL  10-20-P  in portable hardwood case 
(illustrated)   $109.10 

Also available in counter 
and panel mount models. 

All models include 
test leads and ohmmeter batteries. 

"Precision"  Master  Eiectronamic Test  Instruments 
now on display at all leading radio equipment dis-
tributors. Write for the Precision 1948 catalog fully 
describing the Electronamic tube performance testing 
circuit. 

PRECISI ON 
APP AR ATUS  CO.,  Inc. 

92-27 Horace Harding Blvd. 

Elmhurst 12, N. Y. 

Export Division: 458 Broadway, N. Y. C., U.S.A. 
Cables: MORHANEX 
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News—New Products 

These manufacturers have invited PROCEEDINGS 

readers to write for literature and further technical 

information. Please mention your I.R.E. affiliation. 

Pulse Generator 

A new instrument, designated as Model 
471 Pulse Generator, is now being manu-
factured by The Electrodyne Co., 899 
Boylston St., Boston 15, Mass. 

The output consists of rectangular-
shaped voltage pulses, and the pulse is 
internally triggered for continuous opera-
tion from  to 1000 c.p.s. Provision is 
made for the use of an external triggering 
device which can be the type 208 oscillo-
scope or any source of positive pulses of at 
least 20 volts. There is also a position pro-
vided for generating a single pulse every 
time the switch is depressed. 
Continuously variable pulse duration 

is available from 25 to 950 microseconds. 
The maximum output obtainable into a 
10,000 ohm load is 50 volts, and 5- and 
1-volt ranges are provided. The output 
impedance of the 50-volt range is approxi-
mately 1500 ohms, remaining relatively 
constant  regardless of output-control 
setting. Approximate output impedances 
of the 5-volt and 1-volt ranges are 250 and 
50 ohms respectively. 
A three-step range switch and a single 

fine control provide ample spread adjust-
ment for each of the pulse-frequency, 
pulse-duration, and amplitude ranges. Ac-
curacy of each range is ±2 per cent of 
maximum value. 

Cueing Attenuators 

New and improved cueing attenuators 
have been designed by the Shallcross 
Manufacturing Co., Collingdale, Pa. 
These new units, which feature a spe-

cial switching mechanism to transfer at-
tenuator input to a pair of separate output 
terminals for cueing purposes, facilitate 
program switching and fading-in "on cue" 
without any increase in the diameter of 
the attenuator. 
Any  standard  Shallcross  ladder, 

bridged T, straight T, or potentiometer 
may be equipped for cueing action, includ-
ing units as small as 11 inch in diameter. 
All controls are available with mounting 
by means of a single-hole I-inch-32-thread 
bushing or two 6-32 or 8-32 screws on 
11-inch or 11-inch centers (except 11-inch 
diameter units). 

(Continued on page 60A) 
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Combining  minimum 
weight  with  small  size, 
JOHNSON Type H Con-
densers are designed espe-
cially for aircraft transmit-
ters. Simple and rugged 
in construction, JOHNSON 
Type H Condensers easily 
withstand heavy vibration. 
STEATITE end plates pre-
vent any possibility of "short 
circuit loops" and permit 
panel mounting with both 
rotor and stator insulated 
from ground. Capacities and spacings 
are provided for low and medium 
power stages. Aluminum plates are 
.020" thick. End plates are 11/2" 
square. 

• , 01/ 
Type H 
JOHNSON 
Condensers 

Excellent for police equipment, air-
line ground equipment, amateur equip-
ment, test equipment, VHF and others. 
They're small in size—great in per-

formance! 

For Further Details Write For Latest JOHNSON Catalog 

JOHNSON 4 AUI&144 st4OM est Rada 
E.  F.  JO H N S O N  C O.,  W A S E C A,  MI N N E S O T A 

KENYON For over 20 years, the 
KENYON "K" has been a 
sign of transformer reli-

ability. Ever since the cat's-whisker, crystal-set 
days, KENYON has pioneered high quality trans-
formers. Skillful engineering, progressive design 
and sound construction have resulted in depend-
able, conservatively-rated transformers with an 
enviable record for minimum field rejections. Cut 
engineering and replacement costs. Improve prod-
ucts. Insure repeat'business. Specify KENYON! 

Consult 
KENYON 

about your 
transformer 
problems. 

See us at 
the I.R.E. 

show. 

•  .040 .411 .01111) 411',0 ,.. .1111. 

KENYON TRANSFORMER CO. In , 840 BARRY STREET Ili* NEW YORK 59,N .Y. 
1948 59 



HO W LARGE IS A 

BIG 
CO11.• 

This big recently 
produced Barker 
and Williamson coil 
measures 24" in 
diameter. 

We don't know, but we do know 
that from less than 1/2 inch in diam-
eter on up to a 2-foot inductor like 
the larger one shown here, the 
organization of electronic specialists 
at Barker and Williamson is set to 
give your requirements prompt, 
intelligent attention. 
Engineering and production facil-

ities at B&W are ample to take care 
of a myriad of varying coil require-
ments — big or little, a few at a time 
or a production run! 
Write Department PR 28 con-

cerning your require ments. 

BARKER & WILLIAMSON,Inc. 
237 Fairfield Ave.,Upper Darby, Pa. 

NE WS—NE W PRODUCTS 
These manufacturers have invited PROCEEDINGS readers to write for literature and further technical 

information. Please mention your I.R.E. 

((ontinued from page 59,1) 

New Microphones in Crystal, 
Dynamic, and Carbon 

Types 
A new multipurpose "Century" series 

of modern microphones for low-cost public 
address, paging, recording, and communi-
cations is announced by Electro-Voice, 
Inc., Buchanan, Mich. 

Designed for complete adaptability, 
the "Century" is available in a choice of 
three generating elements: crystal, dy-
namic, or carbon. It can be used in any 
position, and mobile communication mo-
dels are fitted with a hook for dash mount-
ing. This new microphone is made of die-
cast metal and finished in lustrous gray-
brown. The dimensions are 3X2 0(1 
inch. 
An  optional  slide-to-talk  shorting 

switch is available on all three types, and 
an optional slide-to-talk relay control 
switch and hang-up hook available on the 
dynamic and carbon types, all at slight 
extra cost. A new reclining Desk Stand 
Model 415 and other accessories are also 
available for use with the "Century." For 
complete information write to the manu-
facturer for Bulletin No. 137. 

NOTICE 

Information for our News and 
New Products section is warmly 
welcomed. News releases should 
be addressed to Mrs. Harriet P. 
Watkins, Industry Research Divi-
sion, Proceedings of I.R.E., Room 
707, 303 West 42nd St., New York 
18, N. Y. Photographs, and elec-
trotypes if not over 2" wide, are 
helpful. Stories should pertain to 
products of interest specifically to 
radio engineers. 

Radio Frequency 
Plate Chokes 

Six new r.f. chokes have been developed 
by Ohmite Manufacturing Co. 4954, 
Flournoy St., Chicago, Ill., to cover the 
higher radio frequencies now in use by 
amateurs, police, communications facili-
ties, and various other services. These new 
chokes are described in Bulletin 133 issued 
by the manufacturer. 

Recent Catalogs 

• • • On Model 61, direct reading v.h.f.-
u.h.f. wattmeter, by Bird Electronic 
Corp., 1800 East 38th St., Cleveland 14, 
Ohio. 

• • • On rack-and-panel-type connectors 
for radio and instrument applications, 
Bulletin No. D.P.-547, by Cannon Elec-
tric Development Co., 3209 Humboldt St., 
Los Angeles, Calif. 

• • • On electrical and scientific instru-
ments developed by James G. Biddle Co., 
1316 Arch St., Philadelphia 7, Pa., the 
Biddle Instrument News, published on an 
average of four times each year. Write to 
the manufacturer, Dept. B-46, if you wish 
to receive future issues. 

• • • On microwave equipment, a refer-
ence manual and catalog, by DeMornay-
Budd, Inc., 475 Grand Concourse, New 
York 51, N. Y. Copies will be sent free to 
all legitimate individuals and firms in the 
electronic and allied fields if requests are 
sent to DeMornay-Budd on firm stationery. 

• • • On  custom-built  oscilloscope re-
corders, issued by The Electrodyne Co., 
899 Boylston St., Boston 15, Mass. Re-
quest for free copy should be made to the 
manufacturer on business letterhead. 

• " On resistors, an attractively illus-
trated file catalog issued by Instrument 
Resistors Co., 25 Amity St., Little Falls, 
N. J. If interested, also ask manufacturer 
for leaflets on two new units not listed in 
catalog, Type WLA (one watt) and Type 
WLA5/8 (one-half watt). 
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finch 
first in facsimile 
for broadcasting and point-
to-point communication! 

FINCH TELECOMMUNICATIONS 
INC ORPORATED 

SALES OFFICE 
10 EAST 40th STREET, NEW YORK 

FACTORIES PASSAIC N 1 

ANOTHER lie.€0 BROWNING DEVICE 

OSCILLOSYNCHROSCOPE 

MODEL OL-15A 

Versatile laboratory instrument 

designed for observing phenom-

ena requiring extended range 

amplifiers and a wide variety of 

time bases. 

Frequency meters. W WV standard 

frequency calibrator Oscilloscope. 

Power supply and square wave 

modulator Capacitance Relay. FM. 

AM Tuners. FM Tuner. 

WRITE TO 

DEPT. C FOR 

CATALOG 

KNOW THE ENTIRE 

BROWNING LINE 
ENGINEERED for ENGINEERS 

BROWNING LABORATORIES. INC 
WINCHESTER MASS 

News—New Products 

These manufacturers have invited PROCEEDINGS 

readers to write for literature and further technical 

information. Please mention your I.R.E. affiliation. 

New Voltbox A.C. 
Power Supplies 

The illustration shows one of the new 
models recently announced by Superior 
Electric Co., 607 Laurel St., Bristol, Conn., 
as an addition to its line of power supplies. 
The two new units are designated as 
types UC1 M and UC2M, and in appear-
ance both are alike. 

These new models offer features of 
lightness, pleasing appearance, and flexi-
bility. Contained in the cast-aluminum 
case are a Powerstat variable transformer; 
an easily read voltmeter, accurate to 2 
per cent; three output receptacles and a 
set of Superior binding posts; an "on-off" 
switch and "line-load" switch; renewable 
fuse; and a six-foot cord with plug. 
For type UC1M the input is 115 volts, 

50 to 60 cycles, one phase, and the output 
is 0-135 volts, 7.5 amperes; for type UC2M 
the input is 230 volts, 50 to 60 cycles, 
one phase, and the output is 0-270 volts, 
3.0 amperes. 
For users who already have a Superior 

Powerstat variable transformer type 116 
or 216 in their possession, but require the 
features of the new Voltboxes, the Volt-
base is available. For further information 
regarding these products and their uses, 
write to the manufacturer. 

Tubular Capacitors 

A complete line of phenolic-molded 
paper tubular capacitors, developed after 
fctur years of intensive research, has been 
announced by Sprague Electric Co., North 
Adams, Mass. 
Features of the new units include the 

facts that they are highly heat- and mois-
ture-resistant, are noninflammable, are 
conservatively rated for operation from 
—40°C. to +85°C., and are mechanically 
rugged, according to the manufacturer. 
Write to the Sprague Electric Co. for 

Bulletin 210 containing complete details 
on the new capacitors. 

BETTER 
CONDENSERS 

Even though JOHNSON condensers 

offer you many outstanding advantages, 

they cost less than any other quality con-

denser. 

Type C and D JOHNSON condensers 

are available in 52 different sizes with a 

wide variety of capacities and spacing. 

FEATURES 

Type C and D —Dual and Single 

I. Sturdily  constructed—heavy  aluminum 
plates .051 thick. 

2. Rounded plates for high voltage rating. 

3. Steatite insulation. Large laminated phos-
phor bronze rotor brushes. Center rotor con-
tacts on all dual models. 

4. Heavy tie rods for frame strength and 
rigidity. Brackets for top or bottom mounting. 

S. Spacers that permit reassembly for dif-
ferent capacity or voltage ratings. 

6. Occupy less panel space because of their 
construction. 

7. Both front and rear shaft extensions permit 
ganging. 

For Complete Details Write For 

Latest JOHNSON Catalog 

E. F. JOHNSON CO.  WASECA, MINN  
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NOW! SELF-CONTAINED, EXPERIMENTAL 

INSCDHUOSTORLIA&L LAB EQUIPMENT . 

Kepco Laboratory Multiple  ̀

Power Supply Model 103, 
available separately. 

1111 

Kepco Electronic 

Instruction Panel 

Model  704, 
available sep-

arately. 

Now you you can perform electronic experiments 
simply, easily with the Kepco Electronic Instruc-
tion Panel. Here is o teaching aid that graph-
ically illustrates vacuum tube principles — 
enables all students to grasp fundamentals in 
the laboratory. 

Extremely versatile, the Kepco Electronic In-
struction panel covers a wide range of tubes, 
comes with a packet of 23 keyed interchange-
able circuit charts, 3 master charts and 12 blank 
keyed sheets for additional experiments. Panel 
contains 3 octal tube sockets, 18 binding posts. 
By placing a keyed circuit diagram on the pane! 
and wiring the circuit, students determine tube 
and circuit characteristics. 

For a basic electronic instructional aid that 
vastly simplifies the teacher's task, it's the 
Kepco Electronic Instruction Panel! 

Now you can eliminate the use of cumber-
some separate voltage supplies with the Kepco 
Laboratory Multiple Power Supply. Designed to 
be used with the Kepco Electronic Instruction 
Panel, this versatile, compact, easy-to-use unit 
supplies four commonly used voltages, is inval-
uable for the school or industrial laboratory. 

CHECK THESE FEATURES: 
Two continuously variable B supplies, ad-
justable from 0-300 volts at 120 m.o. 

Variable (grid) supply, adjustable from 
minus 50 to plus 50 volts at 5 mo. 

6.3 volt filament supply at 5 amperes. 
All connections made to sturdy, front panel 
binding posts. 

Input. 105 to 125 volts, 50 to 60 cycles. 
Two 5Y3 rectifiers, Two 6Y6 control tubes. 
16" long, 8" high, 8'," deep. Wgt.: 28 lbs. 

WRITE FOR FULL INFORMATION TODAY , 

[(e co • LABORATORIES 142-45 Roosevelt Avenue 
Flushing, New York 

STANDARD SIGNAL GENERATOR Model 80 
CARRIER FREQUENCY RANGE: 2 to 400 megacycles. 

OUTPUT: 0.1 to 100,000 microvolts. 
50 ohms output impedance. 

MODULATION: A M  0 to 30 % at 400 or 
1000 cycles internal. 
Sack for external audio modulation. 
Video modulation jack for connection of external 
pulse generator. 

POWER SUPPLY: 117 volts, 50-60 cycles. 

DIMENSIONS: Width 19", Height ION", Depth 91/2 ". 

WEIGHT: Approximately 35 lbs. 

Suitable connection cables and matching pads 
can be supplied on order. 

MANUFACTURERS Or 
Standard Signal Generators 

Pulse Generators 
FM Signal Generators 
Square Wave Generators 
Vacuum Tube Voltmeters 
UHF Radio Noise & Field 
Strength Meters 
Capacity Bridze; 
filegehm Meters 

Phase Sequence Innicctors 
Television and FM Test 

Equipment 

News—New Products 
These manufacturers have invited PROCEEDINGS 

readers to write for literature and further technical 

information. Please mention your I.R.E. affiliation. 

(Continued from page 61A) 

Model S-7 Frequency Meter 

A frequency meter especially designed 
for measurements in the 72-76 and 152-
162 Mc. band is announced by Browning 
Laboratories, Inc., 750 Main St., Win-
chester, Mass. 
Designated as Model S-7, the new 

meter features accuracy in either band of 
0.005 per cent, or 0.0025 per cent where 
minor precautions are taken, rendering 
measurements of control station and satel-
lite transmitters possible in the above-
mentioned bands. The meter is housed in 
a rugged steel cabinet and has an engraved 
aluminum  panel.  Finishes  are  black 
throughout. A whip antenna mounted at 
the side of the cabinet furnishes coupling 
to the transmitter and may be telescoped 
to form a convenient carrying handle. 
Charts supplied with the instrument show 
deNiation from assigned frequency. This 
instrument is available in single or two 
specified frequencies in either or both 
bands. It operates from 117 volts a.c. or 
d.c. and consumes approximately 50 watts. 
The weight is 15 pounds and the dimen-
sions are 131 inches by 71 inches by 61 
inches. 

New Miniature Electron 
Tube 

The Tube Department, Radio Corpora-
tion of America, Harrison, N. J., has an-
nounced availability of the RCA-6BH6 
sharp-cutoff miniature pentode intended 
primarily for service in mobile equipment 
where heater-current drain is an important 
consideration, and in a.c.-d.c. a.m. and f.m. 
receivers. In the latter, it is especially use-
ful as a limiter or as a driver for a ratio de-
tector. Features of the 6BH6 are its high 
transconductance, its low grid-plate ca-
pacitance, and its 6-volt, 150-niilliampere 
heater. 
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News—New Products 

These manufacturers have invited PROCEEDINGS 

readers to write for literature and further technical 

information. Please mention your I.R.E. affiliation. 

Volt-Ohm-Mil-Ammeter 
The Triplett Electrical Instrument Co., 

of Bluffton, Ohio, announce the avail-
ability of a new Combination Tube 
Tester-Volt-Ohm-Mil-Ammeter,  desig-
nated as Model 3480. 

This instrument was designed as a 
combination tester for conclusive tube 
testing and complete voltage, current and 
resistance analyses. The tube tester has a 
fully balanced, multipurpose test circuit 
for emission, short- and open-element 
tests. This unit tests all receiving-type 
tubes, gaseous rectifiers, resistor and bal-
last tube continuity, and pilot lamps. A 
speed-roll tube chart, conveniently located 
simplifies testing. The volt-ohm-mil-am-
meter provides a.c.-d.c. voltage ranges 0 
to 1200 at 10,000 ohms/volt for d.c. and 
200 ohms/volt for a.c.; d.c. ma. 0 to 120; 
d.c. amp.: 0-12; ohms: 0-1000-100,000; 
megohms: 0-1-50; output: capacitor in 
series with a.c. volts. 

(Continued on page 64A) 

March 22 - 25 

Grand CentralkPalace & 

Hotel Commodore 

New York City 

1\0114Min 

t‘S';' 4L1  PA.,. ENGINEERING 
SHOW - 

Nel A 

PILOT LIGHT 
ASSEMBLIES 

PIN SERIES  Designed for 
NE-51 Neon Lamp 

Features 

• THE MULTI-VUE CAP 
• BUILT-IN RESISTOR 
• 110 or 220 VOLTS 
• EXTREME RUGGEDNESS 
• VERY LOW CURRENT 
Write for descriptive booklet 

The DIAL LIGHT CO. of AMERICA 
FOREMOST MANUFACTURER OF PILOT LIGHTS 

900 BR OAD WAY, NE W YORK 3, N. Y. 
Telephone —Spring 7-1300 

LABORATORY TEST EQUIPMENT 

No. 1020 
Direct Read-
ing Megohm-
eter up to 
1.000.000 
megohms. 

Sell contained. 
A.C. operated. 

No. 1110 
Incremental 
Inductance 
Bridge. 

SEND FOR COMPLETE CATALOG 

No. 1010 
Comparison 
and Limit 
Bridge. Sell 
contained. 

A.C. operated. 

No. 1640 
Wide Range 
Vacuum Tube 
Voltmeter. 

FREED 

No. 1030 
Direct Read-
ing Low Fre-
quency "Q" 
Indicator — 

.5 to 
500 — Fre-
quencies from 
50-50 000 
cycles. 

TRANSFORMER CO., INC. 
Instruments Division 

78 SPRING STREET NEW YORK 12. N. T. 
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\ 
UNIFORMITY 
PIC,KERING 

EVERY Pickering Cartridge which leaves our laboratory 

has been carefully tested for the following characteristics, 

the allowable limits for which are shown: 

FREQUENCY RESPONSE • 7i2 db, 40-10,000 cps 

WAVEFORM DISTORTION • 1 per cent maximum 

OUTPUT LEVEL • 70 millivolts,  i2db 

TRACKING PRESSURE • 15 grams max. at 40 and 10,000 cps 

IN ADDITION, optical inspection of the stylus polish 

and shape, mechanical inspection of the moving parts, and 

electrical inspection of the pickup coil has been made on 

each unit. 

REGULAR sampling tests reveal absolute stability, 

amazing ruggedness, and complete insensitivity to the 

effects of temperature and humidity. 

NO OTHER PICKUP CAN QUITE MATCH THIS PERFORMANCE 

Available with diamond or sapphire stylus from all principal distributors 

Pickering  Company, Inc. 
29 West 57th Street  New York 19. N. Y. 

T• 

PRECISION 
POTEN110 

NOTE THESE STANDARD FEATURES 
Contacts of Paliney =7 and Ney-Oro #28 

• Two Rotor Take-Off Brushes 

• Adjustable Stop -360° Rotation 

• Ganging Simplicity 

• Dustproof 

WRITE FOR BULLETIN 208 TODAY 

1—n Elf-p TECHNOLOGY INSTRUMENT CORP. 
U 11  1058 MAIN ST., WALTHAM 54, MASSACHUSETTS 

News—New Products 

These manufacturers have invited PROCEEDINGS 

readers to write for literature and further technical 

information. Please mention your I.R.E. affiliation. 

(Continued from page 63.1) 

New Tube Type GL-5674 
A new 'split-anode" electrometer tube, 

which the manufacturer claims will meas-
ure reliably current as low as a millionth 
of a billionth of an ampere, has been made 
available by the Tube Division, Elec-
tronics Dept. of General Electric Co., 
Schenectady, N. Y. 

This new tube is expected to prove of 
value in nuclear, medical, and industrial 
research which involves the measurement 
of minute currents. It is a two-tubes-in-one 
device in which the electrodes (control 
grid and plate) are cut in two and con-
nected so as to function as a pair. Measure-
ment is then the differential response be-
tween the two halves of the tube. Since 
sporadic effects influence both parts alike. 
the difference between the two responses is 
independent of incidental fluctuations. 

Recent Catalogs 

• • • On radio and electronic equipment, a 
new 48-page supplement to the regular 
catalog by Allied Radio Corp., 833 West 
Jackson Blvd., Chicago 7, Ill. The new 
supplement No. 114 as well as the regular 
master catalog No. 112 can be obtained 
from Allied Radio Corp. 

• • • On a new Wow Meter, Model 115, 
issued by Furst Electronics, 800 West 
North Ave., Chicago 22, Ill. Ask for il-
lustrated catalog sheet, form 115-1, which 
gives description and specifications. 

• • • On their complete line of stock 
moulded plastic knobs control handles, in-
strument knobs, etc., an illustrated catalog 
issued by Rogan Brothers, 2500 West 
Irving Park Blvd., Chicago 18, III. 

• • • On a new series of direct-reading 
temperature-calibrated portable potenti-
ometers. Complete technical description 
with limits of error and prices are included 
in Bulletin No. 270, available on request 
from the Rubicon Company, 3664 Ridge 
Ave., Philadelphia 32, Pa. 
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ANOTHER V&A BROWNING DEVICE 

FM-AM TUNER 
MODEL RJ-12 

Superb FM reception; quality 

AM reception. Single antenna 

for both bands. Separate RF 

and IF systems on both bands. 

Armstrong FM circuit. 

Frequency meters. W WV standard 

frequency calibrator Oscilloscope. 

Power supply and square wave 

modulator Capacitance Relay. FM-

AM Tuners. FM Tuner. 

WRITE TO 

DEPT. C FOR 

CATALOG 

KNOW THE ENTIRE 

BROWNING LINE 
ENGINEERED for ENGINEERS 

BROWNING LABORATORIES, INC 
WINCHESTER, MASS 

YeA9-trie 

PRESSURE TRANSDUCER 

• The improved type 4512 Giannini 
Pressure Transducer is smaller and lighter 
than standard instruments. This instrument 
combines smaller size 
with high outputs and 
accurate readings. 
Even at low pressures, 
it retains all of its 
accuracy. 

This absolute, 
differential, or gouge. 
type Pressure Trans. 
ducer is available 
in ranges up to 
40 psi. The new 
type 4512 is 
available for im-
mediote delivery. 

2115 WEST COLORADO STREET, PASADENA I. CALIFORNIA 

OFFICES NEW YORK. NEW YORK — DAYTON, OHIO 

Write ter 
engin••r-

ing details. 

News—New Products 

These manufacturers have invited PROCEEDINGS 

readers to write for literature and further technical 

information. Please mention your I.R.E. affiliation. 

Recent Catalogs 

• • • On capacitors and radio noise filters, 
a complete new 1948 catalog is now aN ail-
able from Solar Capacitor Sales Corp., 
1445 Hudson Blvd., North Bergen, N. J. 
Ask for Catalog SC-2. 

• • • On a newly designed Tru-Sonic Model 
P-52FR Co-Spiral Speaker and other 
items in the Tru-Sonic line, by the 
Stephens Manufacturing Corp., 10416 Na-
tional Blvd., Los Angeles 34, Calif. Write 
for Bulletin #109. 

• • • On  Model  SC-9A  Lead-Shielded 
Sample Changer and Preamplifier, by 
Tracerlab, Inc., 55 Oliver St., Boston, 
Mass. This equipment is fully described 
in issue number 7 of Tracerlog, which is 
available upon request to Tracerlab, Inc. 

Type 116 Polar Recorder 

The commercial availability of a polar 
recorder has been announced by Airborne 
Instruments Laboratory, Inc., 160 Old 
Country Road, Mineola, N. V. 

Originally designed to plot aircraft-
antenna radiation patterns, this recorder 
charts voltage on either a linear or a log-
arithmic scale as radial distance against 
angular position. Identified as A.I.L. Type 
116, the device will be custom built to each 
customer's speci fic requirements. Provision 
of a permanent ink record (readily repro-
ducible), rapid writing speed coupled with 
low pen overshoot, and preciseness of 
angular positioning are the recorder's out-
standing features. It appears to be readily 
adaptable to any measurement task re-
cordable in terms of polar co-ordinates, and 
can be provided in either portable or rack-
mounted form. Complete descriptive ma-
terial is available from the Laboratory. 

(Continued on page 66A) 

LABORATORY 
EQUIPMENT 

Standard R.F. Radio Noise 
Generator, 100 kc to 160 mc 

(Pulse Type) 

1. Pulse width approximately 0.003 
microseconds 

2. Frequency spectrum nearly flat up 
to 160 megacycles (down 3 db at 160 mc) 

3. Spectral amplitude 25 microvolts 
per kilocycle bandwidth 

4. No tuning elements used 

5. Output continuously variable by 
means of calibrated attenuator 

6. Pulse repetition rate variable from 
30 to 1100 pps 
R. F. Attenuator, DC to 
1000 megacycles 

1. Attenuation 20 db plus 0 or minus 
2 db 

2. Input impedance 50 ohms resistive 

3. Can be connected in series to give 
multiples of 20 db attenuation 

4. Type N connectors 

Other values of attenuation for 
broad frequency bands up to 4000 
megacycles can be furnished 

Signal Generators for the range of 
1000 to 2000 megacycles, 1000 to 
3000 megacycles and 2000 to 4000 
megacycles, calibrated output 

Signal Generator for X band 

Signal Generator for portions of S 
band 

Ferris model 18 B microvolter, 20 
to 150 megacycles 

Wavemeter for X band, TS 33/AP 

Wavemeter, 340 to 1000 megacycles 

G.R. precision wavemeter, 16 kc to 
50 mc 

X band power load, TS 108/AP, 
150watts 

Fluxmeter TS 15/AP 

Compact Radar Transmitter Re-
ceiver, 2400-2700 megacycles, 110 v 60 cps 
Complete marine radar, SD-3, 220 
mc, 110 v 60 cps. 
RC tuned Signal Generator, 20-
20,000 cps, Hickok 198 

• 
ELECTRO IMPULSE 
LABORATORY 

66 Mechanic St.  Red Bank, New Jersey 
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NE WS—NE W PRODUCTS 

0
 SI N C I  'N I / 

RIGINAL- DHNER 

1,11  M U C H , .  l e  C O U NT  O H -

A HANDY CALCULATOR 

NE W BACK TRANSFER 

DEVICE SPEEDS UP 

CALCULATIONS 

HERE'S THE ANSWER to the 

engineer's demand for a low priced, 

fast calculator. Entirely portable. 

Unexcelled for sturdy construction. 

Hundreds of auxiliary uses in large 

organizations. Keep one on every 

desk, where quick calculations are 

necessa ry. 

Available from stock. 

Ivan Sorvall, Inc. 
210 Fifth Ave.. New Yeas 10. N.Y. 

Ask los Bulletin AQ-23 

Specify 

MYCALEX 
LOW LOSS INSULATION 

Where high mechanical and elec-
trical specifications must be met. 

MYCALEX 410 
(MOLDED MYCALEX) 

makes a positive seal with metals 
. . . resists arcing, moisture and 
high temperatures. 

27 years of leadership 
in solving the most 

exacting high frequency 
insulating problems. 

MYCALEX CORPORATION 
OF AMERICA 

"Owners of 'MYCALEX Patents" 

Plant and General Offices: Clifton, NJ. 
Executive Offices: 30 Rockefeller Plaza 

New York 20, N.Y. 

These manufacturers have invited PROCEEDINGS readers to write for literature and further technical 
information. Please mention your I.R.E. affiliation. 

(Continued from page 65.4) 

New Postwar Bridge 

The postwar models of the Wheatstone 
bridges offered by Industrial Instruments, 
Inc., 17 Pollock Ave., Jersey City 5, N. J., 
are produced along the same sturdy lines 
as the previous models but are more con-
veniently operated. Distinctive bar knobs, 
used in the place of the former fluted 
round knobs, are easier to hold and 
manipulate. Also, the knobs are continu-
ously rotatable. 

Two postwar models are offered: (1) 
The standard portable Wheatstone bridge 
complete with batteries and hardwood 
case, ready to operate; and (2) with Mur-
ray and Varley loops. The indicator is a 
galvanometer of the well-known moving-
coil type with a pointer dial having fifteen 
1-millimeter divisions each side of zero, 
and with an adjusting knob and safety 
clamp. The galvanometer sensitivity is 1 
microampere per millimeter division. Sep-
arate binding posts are provided for use 
of an external galvanometer if required, 
and also for the use of the bridge as a re-
sistance decade. 

New Microphone Models 

Two new floor-stand microphones de-
signed by Shaeffer of Hollywood have been 
announced by Universal Microphone Co., 
Centinela at Warren Lane, Inglewood, 
Calif. 
The Model ST-3 is a modern, three-

legged stand designed with a low center of 
gravity for added stability, and with rub-
ber cushioned feet to minimize floor 
noises and to absorb vibrations. Sturdily 
built to withstand abuse, its extended 
height is 72 inches and its closed height is 
40 inches. 
Model ST-R is the same as ST-3 except 

for a heavier, round base. Prompt delivery 
is promised on both models. 

New Tubular Trimmer 
Design 

Types 531 and 532 Tubular Trimmers 
which are announced by Erie Resistor 
Corp., 640 West 12 St., Erie, Pa., have low 
minimum capacitance, high ratio of tuning 
range, require very little space, and are 
economically priced. The capacity range is 
1-8 whfd.; the power factor is 0.1 per cent 
of maximum; and rated voltage is 350 
volts d.c. The dimensions are approxi-
mately I-inch diameter by 1 lig-inch long 
at maximum capacitance. Capacitance is 
varied by changing position of plunger in-
side high-temperature thermoplastic di-
electric tube. Absence of peaks and valleys 
in capacitance change curve and relative 
slowness of capacitance change makes for 
accurate alignments of sets without over-
shooting. 
Trimmers are mounted by a standard 

cadmium-plated clip nut which is the 
ground terminal. Erie Type 531 is for 
panels 0.015 to 0.039 inch thick; Erie 
Type 532 is for panels 0.040 to 0.065 inch 
thick. 

*  *  * 

Interesting Abstracts 
• • • International Instruments, Inc., New 
Haven, Conn., a new organization formed 
from the Instrument Division of the M B 
Manufacturing Company, of the same city, 
announces that the company is well estab-
lished in the production of a specialized 
line of midget meters and allied equipment. 

•  •  * 

• • • A new industry service, announced as 
the Resistor Analysis Council, by Inter-
national Resistance Co., at 401  No. 
Broad St., Philadelphia, Pa., is being 
headed by Wm. H. Knowles, Jr. Interested 
engineers and designers may have the re-
sistor requirements of their products an-
alyzed by sending as much pertinent data 
as is available to the Resistor Analysis 
Council. 

• • • The firm of Don C. Wallace and 
William H. Wallace is now fully established 
in new offices in the Bendix Bldg., 1206 
Maple Ave., Los Angeles 15, Calif. As 
manufacturers' representatives, this firm 
will continue to represent eastern fac-
tories in the western territory. 

•  •  • 

• • • Continuing promotion of f.m. and 
television, Westinghouse Electric Corp., 
with headquarters at 306 Fouth Ave., 
Pittsburgh 30, Pa., plans to expand facili-
ties of the Sunbury, Pa., plant to handle 
and control production of television re-
ceivers, according to an announcement 
made by Walter C. Evans, vice president. 
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News—New Products 
These manufacturers have invited PROCEEDINGS 

readers to write for literature and further technical 

information. Please mention your I.R.E. affiliation. 

1.6-Mc. Interval Timer 
Counter Chronograph 

For applications which require an ac-
curate time interval measurement, the 
new Model 450 Interval Timer manu-
factured by the Potter Instrument Co., 
Inc., 136-56 Roosevelt Ave., Flushing, 
N. Y., will measure intervals in steps of 
0.625 microsecond. The instrument will 
register, directly, intervals up to 1 second. 
Longer periods can be recorded by using 
an external counter to record the number 
of times the cycle is repeated. 
Model 450 is actuated by positive 

pulses which can be easily derived from 
detectors such as photoelectric equipment 
and closing contacts. The time base in-
cluded in the instrument consists of a 
1.6-Mc. crystal oscillator. The oscillator, 
electronic switch, and counter decades 
are made up as individual units which plug 
into the chassis. Indication is by means of 
neon indicator glow lamps. 

(Continued on page 68A) 

Program for Ladies 

at the 

1948 I.R.E. 

National  — 

Conven-

tion 

4 
FULL 

Days of 

Fun 

See details in your Program 
Letter, and this issue. 

Bring "The Wife"! 

Your Most Complete Source of Supply for 

RADIO and ELECTRONIC 
EQUIPMENT • COMPONENTS • ACCESSORIES 

NE W YORK 
OTkes & Warehouse 
242 WS5.0•St NYI9 

No matter what your need — whether Tubes, Components, Test 
Equipment, Receivers, Transmitters, or Public Address, you can 
save time and SAVE MONEY by shopping "Newark" first! As 
one of the largest distributors of radio and electronic com-
ponents in America, we've got what you want — IN STOCK! 

You'll like dealing with "Newark" because — 
• Our tremendous stocks of standard brand merchandise 

always on hand insure speedy shipment of your order. 
• Our highly specialized and competent personnel will 

know what you're talking about. 
• Our Special Order Department performs miracles in 

getting those hard-to-find items that nobody else hasl 
• Two centrally located warehouses — New York and 

Chicago — at your service! 

MAIL AND PHONE ORDERS TILLED PROMPTLY  eli,icie,d Se4,4 , 

AS NEAR AS YOUR PHONE! 

in NEW YORK 
Phone: Cl. 6-4060 

in CHICAGO 
Phone: STAfe 2950 

CHICAG O 
323 W Moth., Si 

'icogo  ' 

New York City Stores 115.17 W 45th St  212 Fultor  • 

*G O O  0 04) 
-. 

Designed for 

YOUR APPLICATION 

PANADAPTOR 
Whether your application of spectrum an-

alysis requires high resolution of signals 

closely adjacent in frequency or extra broad 

spectrum scanning, there is a standard model Panadaptor to simplify and speed up your job. 

Standardized input frequencies enable operation with most receivers. 

Maximum Scanning Width 

Input Center Frequency 

Resolution at Maximum 
Scanning Width 

Resolution at 20% of 
Maximum Scanning Width 

MODEL SA-3 TYPES MODEL SA-6 TYPES 

50  T-100  T-200  T-1000  T-1000  T-6003  T-1000  T-10000  T-20000 

50KC  100KC  2005C  1MC  1MC  6IAC  DAC  10/AC  2011C 

455K(  4551(C  455KC  5.25MC  13.2MC  30MC  5.25MC  30MC  30MC 

2.SKC  3.45C  4.4KC  11KC 

1.9KC  2.7KC  4KC 

11KC  2SKC 

9KC  7.SKC  22KC 

11KC  75KC  91KC 

7.SKC  65KC  7SKC 

',swear-04re ritede 

APPLICATIONS OF PANADAPTOR 

*Frequency Monitoring 

*Oscillator performance 
analysis 

*FM and AM studies 
WRITE  NO W  for  recommendations,  d•tailed 
specifications, prices and delivery time. 

ANOHAMI[ 
RADIO CORP 
92 Cold St.  Cable Address 

New York 7, N.Y.  PANORAMIC, NEW TORN 
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PROFESSIONAL CARDS NE WS-NE W PRODUCTS 

W. J. BRO WN 
Electronic & Radio Engineering Consultant 

Electronic  Industrial  Applications,  Com-
mercial and Broadcasting 'Transmitter and 
Receiver Design, Test Equipment, etc. 
23 years experience in electronic 

development 

P.O. Box 5106, Cleveland, Ohio 
Telephone, Superior 1241 
Office, 912 Park Building 

ED WARD J. CONTENT 
Acoustical Consultant 

Functional Studio Design 
FM - Television - AM 

Audio Systems Engineering 

Roxbury Road  Stamford 3-7459 
Stamford, Conn. 

DAVID C. KALBFELL, Ph.D. 
Engineer — Physicist 

Complete laboratory facilities 
Industrial instrumentation and control, 

Broadcast engineering and measurements 
1076 Morena Boulevard  Jackson 1939 

San Diego 10, California 

PATENTS 

Electronics—Electricity 
Mechanics—Chemistry—Metallurgy 

I. JORDAN KUNIK 
Registered Patent Attorney 

75-1 Pearl Street  Hartford 3, Connecticut 

FAirmount 5105  EXpress 7766 

FR A N K  M AS S A 

Electro-Acoustic Consultant 

3393 Del!wood Road  3868 Carnegie Avenue 

CLEVELAND, OHIO 

EUGENE MITTELMANN, E.E, Ph.D. 
Conseiting Engineer & Physicist 
HIGH FREQUENCY HEATING 
INDUSTRIAL ELECTRONICS 

APPLIED PHYSICS & 
MATHEMATICS 

549 W. Washington Blvd. Chicago 6, III. 
Phone: State 8021 

IRVING RUBIN 
Physicist 

Radio Interference and noise meters. Inter-
ference suppression methods for ignition sys-
tems and electrical devices. Laboratory facili-
ties. 
P.O. Box 153, Shrewsbury, New Jersey 

Telephone: REDBANK 6-4247 

ARTHUR J. SANIAL 
Consulting Engineer 

Loudspeaker  Design;  Development;  Mfg. 
Processes.  High  Quality  Audio  Systems. 
Announcing Systems. Test and Measuring 

Equipment Design. 
168-14 32 Ave. Flushing, N.Y. 

FLushing 9-3574 

The manufacturers have invited PROCEEDINGS readers to write for literature and further technical 

information. Please mention your I.R.E. affiliation. 

(Continued from page 67A) 

D.C. Power Supplies 

A new line of hermetically sealed high-
voltage, low-current d.c. power supplies 
has been announced by the Condenser 
Products Co., 1375 No. Branch St., Chi-
cago 22, III. 

ja #104  

The HiVolt PS-1 and PS-2 Supplies, 
both of which transform 118 volts a.c., 
60 cycles, to 2,400 volts d.c., are now in 
production. The PS-1 is designed to charge 
Plasticon capacitors for use in electronic 
photoflash and  spectrograph  analysis 
equipment. The PS-2 is intended for use in 
radiation counters, oscilloscopes, and tele-
vision receivers. The manufacturer states 
that HiVolt 4,000-volt and 10,000-volt 
supplies will be announced at an early date. 

Signal Generator 

The Triplett Electrical Instrument Co., 
Bluffton, Ohio, announces a new f.m.-a.m. 
signal generator, known as Model 3433, 
with frequency coverage from 100 kc. to 
120 Mc. in 10 fundamental bands, plus an 
additional 50 Mc. from a fixed oscillator, 
giving fundamental coverage to 170 Mc. 
This signal generator features constant 

deviation by using a fixed-frequency re-
actance-modulated oscillator; an output 
meter for measuring relative r.f. out-
put; double-copper-plated steel shielding, 
greatly minimizing r.f. leakage; coaxial-
cable output lead; ladder attenuator; high-
r.f.-voltage output jack; high a.f. output 
available; air trimmer capacitor and 
permeability-adjusted oscillator coils; volt-
age-regulated power supply; heterodyne 
detector; and external a.m. modulation. 
The case measures 15 11/32 inches by 

11 1/32 inches by 8 1/4 inches. Power 
Source: 115 volt, 50 to 60 cycles a.c. 

New Graphic Recorder 

The Servo-Tek Products Co., 247 
Crooks Ave., Clifton, N. J., has announced 
a new type of position recorder which is 
declared to be capable of recording almost 
any mechanical motion or position. It is 
known as the "Servograph," a graphic re-
corder utilizing a 10-inch circular chart 
with an inking pen which is motivated 
from a remote point by war-proven syn-
chros, or self-synchronous motors. 
It is claimed that accuracy is better 

than 1 per cent for 360-degree transmitter 
rotation. Models are available for opera-
tion from a source of 115 volts at a fre-
quency of either 60 or 400 cycles. Full 
mechanical clock drives and synchronous 
115-volt 60-cycle electric drives are avail-
able for chart speeds of 12 hours, 24 hours, 
or 7 days. Multiple recording may be ob-
tained by the use of two pens for two inde-
pendent simultaneous recordings. 

Electron-Tube Socket 

To meet the requirements of manufac-
turers of electronic equipment, the new 
molded-bakelite sockets, designated as 
No. 146-116, have been developed by the 
American Phenolic Corp., 1830 So. Fifty-
fourth Ave., Chicago 50, III. 

The design of these sockets is based 
upon the electrical and structural require-
ments of all tube types requiring the RMA 
super-jumbo tube base, as well as indus-
trial 411 and 412 tube bases which have 
the same pin arrangement but with smaller 
shell diameter. Socket contacts are of 
high-conductivity material and of a unique 
cloverleaf design presenting four lines of 
contact to the tube pin. Repeated tests are 
claimed to indicate a contact resistance of 
considerably less than 0.001 ohm may be 
expected at current levels as high as 25 
amperes. 
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News—New Products 

These manufacturers have invited PROCEEDINGS 
readers to write for literature and further technical 

information. Please mention your I.R.E. affiliation. 

(C,oltinued from rage 68A) 

KW Television Transmitter 
Development of General Electric Tele-

vision transmitters, Type TT-6-A and 
TT-6-B, with a 5-kw. visual transmitter 
and a 24-kw. aural transmitter for opera-
tion on television channels 1 through 13, 
has been announced by the Transmitter 
Division, Electronics Dept., General Elec-
tric Co., Electronics Park, Syracuse, N. Y. 

Low-level plate modulation features 
the electrical design and affords advan-
tages which include: low-power modulator; 
linear modulation characteristic; high per-
centage-modulation  capability;  stable 
grounded-grid linear amplifiers; elimina-
tion of vestigial-sideband filter unit. 
Physically, both the high-band trans-

mitter (TT-6-B) and the low-band trans-
mitter (TT-6-A) are arranged in three ad-
jacent cubicals and occupy a space 16 
feet long, 3 feet deep and 7 feet high. The 
aural transmitter, which incorporazes the 
phasitron modulator employed in all Gen-
eral Electric's postwar f.m. broadcast 
transmitters, is contained in one cubical, 
with the visual transmitter occupying the 
other two cubicals. 

P.M. Speakers 
Correction 

The type L-301 and L-401 speakers 
now being produced by the William J. 
Murdock Co., 158 Carter St., Chelsea 50, 
Mass., which were publicized on page 48-A 
of the December, 1947, issue of the PRO-
CEEDINGS, should have been designated 
therein as permanent-magnet speakers. 

Don't be a Park 

Bench 

Sitter! 

There are going 
to be plenty of 
rooms if you act 
fast on your 
reservations. See 
form in the in-
citation letter. 

1948 I.R.E. National Convention 

March 22-25, New York City 

ANOTHER W ay BROWNING DEVICE 

FREQUENCY METER 
MODEL S-5 

Accurately checks frequencies in 

one, two or three bands, from 30 

to 500 MC. Custom-built. Crystal 

frequency stability equips it for 

extended use in locations where 

it is inconvenient to check W WV 

signals. Accuracy .0025%. 

Frequency meters. W WV standard 

frequency calibrator Oscilloscope. 

Power supply and  square wave 

modulator Capacitance Relay. FM. 

AM Tuners. FM Tuner. 

WRITE TO 
DEPT. C FOR 
CATALOG 

KNOW THE ENTIRE 

BROWNING LINE 
ENGINEERED for ENGINEERS 

BROWNING LABORATORIES, INC. 
WINCHESTER, MASS. 

High r. f. current carrying capacity 
amps. max. intermittent load; 30 

amps. steady load. Low loss factor. 
Sturdy mechanical design ... 

Mykroy insulation 
Furnished in any 

number of 
decks. 

sioll BETTER ELECTRONIC EQUIPMENT 
444 

ALL 

P. A. 

NEEDS 
Par-Metal 
Equipment 
is preferred by 
Service Men, 
Amateurs, and 
Manufacturers 
because they're 
adaptable, easy-
to-assemble, eco-
nomical. Beautifully 
designed, ruggedly  , 
constructed by spe-  \ 
cialists. Famous for  , 
quality and economy. 

Write for Catalog. 

STANDARDIZED 

READY-
TO-USE 
CABINETS 

CHASSIS 

PANELS 

RACKS 

PAR- METAL 
PRODUCTS CORPORATION 
32-62-45.1. ST., LONG ISLAND CITY 3, N.Y. 

Export Dept.: Rocke International Corp. 
13 East 40 Street, New York 16 
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Attention 

Associate 

Members! 

Many Associate Members can 

qualify for higher membership 

grades and should certainly do 

so. Members are urged to keep 

membership grades up in pace 

with their present development. 

An Associate over 24 years of 

age who is occupied as a radio 

engineer or scientist, and is in 

this active practice three years 

may qualify for Member Grade. 

An Associate who has taught 

college radio or allied subjects 

for three years may qualify. 

Some may possibly qualify for 

Senior Grade. But transfers can 

be made only upon your appli-

cation. For fuller details request 

transfer  application-form  in 

writing or by using the coupon 

below. 

Coupon 

Institute of Radio Engineers 

i East 79th St., 

New York 21  N.Y. 2-48 

Please send me the Transfer 

Application Membership-Form. 

Name   

Address    

Place   

State   

Present Grade   
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This seven-tower directional array was designed to protect 

several stations operating on the same frequency. Six towers 

are used during the night and the seventh, with two night 

pattern towers, give excellent daytime coverage. Due to 

the location it was necessary to place gravel fills through 

-he ice to a depth of over 30 ft. before pile foundations 

could be driven to solid ground. Towers are Blow-Knox 

Type CN, base in;ulated 225 ft. high. 

BLA W-KNOX DIVISION of Blaw -Knox Company 

2037 FARMERS BANK BUILDING 

PITTSBURGH 22, PA. 

BLAW-KNOX DIVISION 
OF BLA W-KNOX CO MPANY 

illAW KNOX 

ANTrNisilk 

T 0 lIkt 
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surgical operations show value of television to medical education. Successlul telecosts o 

"Step up beside the surgeon-and watch" 

Not long ago, a radio beam flashed 
across the New York sky— and "car-
ried" more than 7000 surgeons into 
an operating room ... 

Impossible? It was done by televi-
sion, when RCA demonstrated—to a 
congress of surgeons—how effective this 
medium can be in teaching surgery. 

In a New York hospital, above an op-
erating table, a supersensitive RCA Image 
Orthicon television camera televised a 
series of operations. Lighting was normal. 
Images were transmitted on a narrow, 

line-of-sight beam ... As the pictures were 
seen the operating surgeons were heard 
explaining their techniques . . . 

The beam was picked up at a mid-
town hotel— carried to RCA Victor 
television receivers. And on the video 
screens, visiting surgeons followed each 
delicate step of surgical procedure. Ac-
tion was sharp and clear. Each surgeon 
was as "close-up" as if he were actually 
beside the operating table. 

Said a prominent surgeon: "Televi-
sion as a way of teaching surgery sur-

passes anything we have ever had.  I 
never imagined it could be so effective 
until I actually saw it . . . " 
Use of television in many fields —and 

surgical education is only one  nat-
urally from advanced scientific thinking 
at RCA Laboratories. Progressive research 
is part of every instrument bearing the 
names RCA or RCA Victor. 

When in Radio City, New York, be sure 
to see the radio and electronic wonders at 
RCA Exhibition Hall, 36 West 49th St. 
Free admission. Radio Corporation of 
America, RCA Building, New York 20,N. Y. 

RA DIO CORPORATIO N of A MERICA 

72A 
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ON§e/'  43.4/ 

NE W HIGH TE MPER ATURE 

PAPER TUBULAR CAPACITOR 

C-D's new "Vikane" impregnated tubular capacitor—Type 
GT "Grey Tiger"—has won wide industry acclaim. -Re-
markable durability"—the unanimous decision after many 
rigid laboratory tests. Write for samples today. Cornell-
Dubilier Electric Corporation, Dept. M2, South Plainfield, 
New Jersey. Other plants in New Bedford, Worcester and 
Brookline, Massachusetts; and Providence, Rhode Island. 

• new "Vikane" impregnation assures extra long life at high 
operating temperatures, 

• new moisture seal and tube impregnation designed to with-
stand temperatures to 100°C., 

• high insulation resistance: at 25 °C. above 10,000 megohms 
per unit or 2,000 megohms per mfd., 

• low power factor; averages .35 % at 1,000 cycles, 

• eliminates need for stocking high and low temperature units, 

• excellent capacity stability over wide temperature range, 

• excellent electrical stability over life of unit, 

• available in all commercial capacity and voltage ratings for 
maximum flexibility, 

• one line to meet all your production requirements—whether 
for high or low temperature and humidity applications. 

Mk  M 

1 9 1 0 1 94 8 

MICA • PAPER 

DYKANOL 

AND ELECTROLYTIC 

CAPACITORS 

... 

C O M M. U U SI M 

W  LARGEST MANDI  POURER Ot  
ORLD  S  

CAPACI10RS 

"GREY TIGER" 
Capacity and DC Voltage Ranges 

Capacity 
Alf d. 100 Volts 200 Volts 400 Volts 600 Volts 1.000 Volts 1.600 Volts 

.001 GT-6D1 GT-10D1 GT-16D1 

.002 GT-6D2 GT-10D2 GT-16D2 

.003 GT-6D3 GT-10D3 GT-16D3 

.005 GT-4D5 GT-6D5 GT-10D5 GT-16D5 

.01 GT-451 GT-651 GT-1051 GT-1651 

.02 GT-452 GT-652 GT-1052 GT-1652 

.03 GT-253 GT-453 GT-653 GT-10S3 GT-1653 

.05 GT-155 GT-255 GT-455 GT-655 GT-10S5 GT-1655 

.10 GT-1P1 GT-2P1 GT-4P1 GT-6P1 GT-10P1 

.15 GT-1P15 GT-2P15 GT-4P15 GT-6P15 GT-I0P15 

.25 GT-1 P25 GT-2P25 GT-4P25 GT-6P25 

.50 GT-1 P5 GT-2P5 GT-4P5 GT-6P5 

1.0 GT-1 W1 GT-2W1 GT-4W1 

M  . . 

CORNELL-DUBILIER ELECTRIC CORPORATION. Department M2 

SOUTH PLAINFIELD, NEW JERSEY 

GENTLEMEN: Please send Bulletin Number NB116 
describing type GT tubulars   

Catalog Number I95A   

Name   Title 

Firm  

Addross   



ARIACS for 
Smooth VOLTAGE CONTROL 
• THE VARIAC' — the original continuously-adjustable auto-
transformer — is the ideal device for controlling any a-c oper-
ated equipment. VARIACS not only supply perfectly stepless 
control of voltage from zero, but also supply output voltages 
17' , above line voltage. VARIACS are correctly designed for 
many years of trouble-free operation. Data below are for 
single-phase operation. Polyphase assemblies are available. 

SINGLE-PHASE DATA 

OUTPUT 

‘: 1  LINE 

VOLTAGE 
RATED 
AMPS. 

MAX. 
AMPS. 

OUTPUT 
VOLTAGE 

KVA CASE  TYPE  PRICE 

2C 1.13 115 1 1.5 
0-115 

0-135 .170 (1) 200-B $12.50 

:VI (1 ) V-5 18.50 
• 115 5 7.5 0-115 .862 (2) V-5 M 20.50 

0-135 
(3) V-5MT 25.00 

230 2 2.5 0-23270 0 
0- .575 

(1 ) 
(2) 

V-5H 
V-5HM 

21.00 
23.00 

V-5HMT 27.50 

ll 

'M K 
115 10 15 0-115 1.725 

(1) 

(2) 

V-10 

V-10M 
33.00 

35.50 

' 0-135 (3) V- 1 OMT 40.00 
T'PE v-10 ) (1) V- 10H 34.00 

i A MP̀ 
230 4 5 0-230 

0-270 
1.15 (2) 

(3) 
V- IOHM 

V-10HMT 

36.50 

41.00 

*The trade name VARIAC is registered at the U. S. Patent Office. 
VARIACS are patented under U. S. Patent No. 2,009,013 and are 
manufactured and sold only by Genera/ Radio Company or its authorized 
agents. 

115 20 30 0-115 

0-135 
3.45 (4) V-20M 55.00 

230 8 10 
0-230 

0-270 
2.3 (4) V-20HM 55.00 

(1) Unmounted model. 
(2) Protective case around windings. 
(3) Protective case, terminal cover, line switch, convenience outlet and 

6-foot line cord. 
(A) Protective case, terminal cover and BX outlet. 
(5) Two gang assembly — requires type 50-P 1 Choke — $10.00 

115  

40 45 0-115 5 (4) 50-A 140.00  

7 0 ) 

80 90 0-135  10 (5) 50-AG2  (5  ) 310.00  

I, 230 
20 
40 

31 
62 

0-230 

0-270 

7 
14 

(4) 
(5) 

50-B 

50-BG2 (5 ) 

140.00 

310.00 

90 West St.. New York 6 

NERAL RADIO COMPANY 
Ca mbridge 39,  Massachusetts 

920 S. Michigan Ave., Chicago 5  950 N. Highland Ave., Los Angeles 38 


