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UTC Linear Stan dard Transformers  feature...  

True Hum Balancing  Coil  Structure . . . maximum neutralization of stray fields. 

Balanced Variable Impedance Line 

couplings. 
permits highest fidelity  on  

every top of a un iversal  unit . . . no line reflections or  transverse  
• . 

▪ Reversi ble Mounting ... permits above •hassis or sub•chassis wiring. 

ructure . . . minimum distr ib-

. Precision Winding . . . accuracy  of  winding  perfect balance  
of inductance  and  capacity; exact im pedance reflection.  

Multiple Coil, Semi-Toroidal  Coil  St  

▪ Alloy Shields . . . maximum  shielding  from  induction  pickup.  

vied capacity and lea kage  reactance.  

Mixing, low impedance mike, 
pickup, or multiple line to 
multiple line 

As above 

Single plate to multiple line 

1.5.55  Push pull 2A3's,6A5G's, 

300A's, 27 5A's, 6A3's 

LS•57  Some as above  

Niperm-Alloy ...  stable, high permeability nickel•iron core  material.  

• Nigh Fidelity . . . UTC Linear Stan dard  Transformers  are  the  only  

20-20,000 cycles. 
audio units w ith  a guaranteed un iform response of  1.5D8  from  

Type 
No. 

LS•10 

LS.10X 

LS-21 

1.5•30 

LS•30X 

LS-50  As above 

8,000 to 15,000 
ohms 

5,000 ohms plate 

to plate and 3,000 
ohms plate to plate 

5,000 ohms plate 

to plate and 3,000 

ohms plate to plate 

The above listing includes only a few of the many units 
of the LS Series. For complete listing - write for catalogue 

Application 

low impedance mike, pick•ult, 
or multiple line to grid. 

As above 

Primary 

Impedance 

50, 125, 200, 250 

333,500 ohms 

As above 
Single plate to push pull grids  8,000 to 15,000 

ohms 

SO, 125, 200, 250 
333, 500 ohms 

76•1 Tog:media& Velevetv 
..2 .0 
'a '4 

39 30 so 20 too 

FREQUENCY IN CYCLES PER SECOND 

Typical Curve for LS Series 

Secondary 

Impedance 

60,000 ohms in Nro 
sections 

50,000 ohms 

135,000 ohms; turn 

ratio 1.5.1 each side 
Split Pri. and Sec. 

50, 125, 200, 250. 
333, 500 ohms 

Max  Relativ e  Max. un bai. 
Level  hum-pick up  anced DC in 

reduction  primary 

-1 15 DB 
-74 DB 

-92 DB 

-- 14 D8  -74 D8 

-- 17 DB  -74 DB 

ISO VARICK STREET 

NE W YOR K 13,  N.  Y.  
EX PORT DIVISION: 13 EAST 40th STREET. NEW YORK 16, N. Y.,  

CABLES: "ARLAB-

As above 

50, 125, 200, 250, 

333, 500 ohms 

500, 333, 250, 200, 
125, 50, 30, 20, 15. 
10, 7.5, 5, 2.5, 1.2 

30, 20, 15, 10, 7.5, 
5, 2.5, 1.2 

 "tbr. 

-I-15 DB 

+17 DB 

+36 DB 

+36 DB 

z 3  3  7 MOO  2  3  5  7 

-92 DB 

-74 DB 

5 MA 

5 MA 

0 MA 

5 MA 

3 MA 

1 MA 

'0  '5  

List 

Price 

$25.00 

$32.00 

$24.00 

$25.00 
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Check these advantages 

of SUPEREX* 
Discharge Capacitors 

RATED FOR DEPENDABILITY 

EXCELLENT ENERGY-STORAGE 

TO WEIGHT RATIO 

V 
BUILT FOR THE APPLICATION 

Short, heavy, internal leads 

Low inherent inductance 

Special construction to 

minimize discharge stresses 

RELIABLE HERMETIC SEALS 

CORROSION-RESISTANT GRAY 

LACQUER FINISH OVER HEAVY-

GAGE TERNEPLATE CONTAINERS 

STOREHOUSES... 

for BOTTLED LIGHTNING 
Man-made lightning flashes for high-speed photography, 

display signs, traffic and marine beacons, airport signals, 

and a host of other electronic pulsed lighting applications, 
all have their heart in the discharge of capacitor-stored 

energy through a flashtube. 

Pulsed lighting, capacitor-discharge welding, and all other 
energy-storage applications where dependability is a 

must are the fields in which Solar SUPEREX* Discharge 
Capacitors stand supreme. 

You'll find preferred listings, with dimensions, complete 

rating information and a handy watt-second—microfarad— 
voltage chart in BUlletin SPD-300. Write for it today. 

Solar Manufacturing Corporation 
285 Madison Avenue, New York 17, N. Y. 
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special rate of postage is provided for in the act of February 211, 1923, embodied in Paragraph 4, Section 412, P. L,. anil K., authorized October 20, 1927. 
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Amph,nol Industrial 

0001 Socket 146.103 

First to comply with N.E.M.A. 

and Underwriters specifications 

for industrial equipment. 

Rugged insulating barriers pre-

vent flashover and arcing in 

humid and dusty industrial ap-

plications. 

Reversible binding screw ter-

minals simplify wiring and 

maintenance. 
• 

Cloverleaf contacts ... four full 

length lines of contact with each. 

tube pin. 

AMPHENOL ELECTRONIC TUBE SOCKETS 
designed frit- INDUSTRIAL applications 

Amphenol Electronic Tube Sockets are specially designed for industrial 
applications. Ruggedly built for utmost dependability and peak performance. 
they were the first industrial tube sockets to comply with N.E. M. A. and 
Underwriters' specifications for industrial equipment. 
Amphenol sockets are molded of melamine resin or bakelite for strength as 

well as high arc-resistance and reduced carbon tracking. Utilization of the latest 
developments in spring bronze has insured the highest degree of contact con-
ductivity and long spring life. Maximum spacing between contacts and chassis 
is maintained. Heavy insulating barriers prevent flashover between contacts 
under the adverse conditions found in industrial usage. Screw type terminals 
provide for quick connect and disconnect, ideal for testing and replacement. 

No soldering is required. 
Amphenol sockets are available in types for practically all industrial 

electronic tubes. Write today f or complete information. 

AMERICAN PHENOLIC CORPORATION 
1830 SOUTH FIFTY-F OURTH AVENUE 
CHICA G O 50, ILLIN OIS 

A few of Amphenors complete line of industrial tube sockets ore illustrated 

COAXIAL CABLES AND CONNECTORS • INDUSTRIAL CONNECTORS, FITTINGS AND CONDUIT • ANTENNAS • RADIO COMPONENTS • PLASTICS FOR ELECTRONICS 



Send for this helpful Data Book on tubes by 
In concise, tabular form, this new book gives the 

essential data on 166 codes of electron tubes designed 
by Bell Laboratories and made by Western Electric. 
Planned to help the circuit designer quickly find 

the tube best suited to his needs, it contains technical 
characteristics, ratings, dimensions and 89 basing 

diagrams—all arranged for quick, easy reference. 
Send the coupon for your copy today! 

Western Electric 
Graybar Electric Co., 
420 Lexington Ave., New York 17, N. Y. 
Please send me the General Bulletin on Western 
Electric electron tubes. 

Name   

Address   

City  State   

QUALITY COUNTS 
PROCEEDINGS OF THE I.R.E.  4frlf, 1947 
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00I  BIM am oim. 

CAST ALNICO I 

CAST ALNICO II 

CAST ALNICO III 

CAST ALNICO IV 

CAST ALNICO V 

CAST ALNICO VI 

CAST ALNICO XII 

SINTERED ALNICO 

aimate4  tocea/uk a 

corn/1,44 tine 6//t4l/manenI 

mariet matetiah   

SINTERED ALNI.CO 
In general SI NTERED ALNICO M AG NETS do not compete 

with, but rather sup'plement, magnets produced by the cast 

method to widen the scope of potential permanent magnet 

applications. 

Alnico magnets weighing roughly one ounce or less should 

be produced by the sintered method. 

Heavier magnets of more intricate shapes can be produced. 

For some applications Sintered magnets are more economical 

because: 

1. Magnetic characteristics are practically the same as Cast Alnico. 
2. Sintered Alnico is a fine-grain, homogeneous material which has 
more uniform flux density, is easier to grind, and provides better 
surface finish. 

3. Sintered Alnico magnets can be produced to closer dimensional 
tolerances: 

SINTERED ALNICO II  CAST ALNICO II 

0.000 to 0.125  + .005  0.000 to 2.00 — ± 1/64 
0.126 to 0.625 — + .010  2.0  to 4.0 — L 1/32 
0.626 to 1.250 — + .015  4.0  to 6.0 — * 3/64 
1.251 to 3.000 — + .062 

Grinding can in many applications be eliminated. 
4. More intricate shapes, including holes, inserts, etc., are more 
feasible. 

5. Transverse modulus of rupture is several times greater. 

All Alnico, and particularly Sintered 
magnets, have very high values of Co-
ercive Force (which is the capability 
of resisting demagnetization or loss of 
magnetism due to stray fields and from 
heat and vibration). 
The curves show roughly the effect 

of these demagnetization factors on 
Alnico compared to other alloy steels. 00 
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THE ARNOLD ENGINEERING CO WIN\ 
SUBSIDIARY OF ALLEGHENY LUDLUM STEEL CORPORATION 

147 EAST ONTARI O STREET. CHICAG O 11, ILLIN OIS 
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Specialists in the manufacture of PERMANENT MAGNET MATERIALS 
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No w you can get Sylvania quality 
Ili in transmitting tubes too! 

SYLVANIA INTRODUCES 

THE TYPE 3D24 
BEAM POWER TETRODE WITH 
ELECTRONIC GRAPHITE ANODE 
First of Sylvania's new line of transmitting tubes, the 3D24 is a 
four-electrode amplifier and oscillator with 45 watt anode dissipa-
tion. An outstanding development is the electronic.graphite anode, 
which allows high plate dissipation for small area and maintains 
constant inter-element relationship and uniform anode character-
istics. 
The 3D24 may be used at full input up to 125 Mc — maximum 

permissible frequency will be announced later upon completion 
of tests. 

I. 
2. 

3. 

4. 

5. 

6. 

OTHER FEATURES INCLUDE: 

Lock-In base. Short leads, no soldered joints. 

Top cap providing for short path, greater cooling by radia-
tion and convection, resulting in a cooler seal. 

Thoriated tungsten filament, giving high power output per 
watt of filament power. 

Vertical bar grids. #1 grid supplied with two leads for 
better high frequency performance. #2 grid provided with 
heat-reflecting shield for greater dissipation, low grid-plate 
capacity. 

Low interelectrode capacity. No neutralizing needed with 
proper circuit arrangement. 

Hard glass envelope. Permits high power for small size. 

The 3D24, a product of the Electronics Division of 
Sylvania, has interesting potentialities in amateur, 
police, mobile and marine radio. 

MECHANICAL SPECIFICATIONS 

Type of cooling  Air—radiation and convection 

Mounting position  Vertical, base down or up 

Length overall  4.3 inches max. 

Seated height  3  769 inches 

Diameter  il2 inches 

Net weight  1  3 ounces 

ELECTRICAL CHARACTERISTICS 

Filament Voltage  6.3 volts 

Filament Current  3.0 amperes 

Amplification Factor  50 

Direct Interelectrode Capacitances 

Grid-Plate 

Input   

Output 

 0.2 ppf max. 

6.5 ppf 

 2.4 it pf 

3 D 2 4 
TYPICAL OPERATING CONDITIONS 
R. F. Power Amplifier and Oscillator— Class C Telegraphy 

C  C. C. S. 
• C. S.   

Characteristic 

D. C. Plate Voltage 

D. C. Control Grid Voltage 

D. C. Screen Grid Voltage 

D. C. Plate Current 

D• C. Control Grid Current 

D• C. Screen Grid Current 

Peak R. F. Grid Input Voltage 

Full Driving Power 

Plate Power Output 

1500 volts 

—300 volts 

375 volts 

90 ma 

10 ma 

22 ma 

400 volts apPrax• 

wa 

4.0 watts  opProx• 

105  ti5   

Direct inquiries to Radio Tube Division, Emporium, Pa. 

2000 volts 

—300 volts 

375 volts 

90 ma 

10 mo 

20 ma 

400 volts aPProx. 

4.0 watts oPProx. 

140 watts 

SYLVANTAM/ELECTRIC 
MAKI RS OF ELECTRONIC DEVICES, RADIO TUBES, CATHODE RAY TUBES; FLUORESCENT LAMPS, FIXTURES, WIRING DEVICES; ELECTRIC LIGHT BULBS 

PROCEEDINGS OF THE I.R.E.  April, 1947  5A 



WE MAKE THE M RUGGED 
/0?--

. the terminals 
feature tl%o-point fastenin!r! 

This Mallory HL Switch, designed br low-power industrial applications, is known throughout the 
industry for its durability and dependable performance. 

Notice how the terminals are fitted right into the stator—firmly held without rivets or staples. No 
chance of their wobbling loose! The terminals, in turn, are solidly built of spring brass material which 
is heavily plated with silver. Notice. too, the high lift and flexing 
ability of the terminals. That's to provide a self-cleaning action. 
insuring better electrical contact. 

Contributing still further to rugged design are the stators of this 
RL Switch. Thes're made of heavy phenolic to provide good 
insulation and to withstand rough usage. Rotor contacrslugs 
are of solid coin silver, common ground rings are of brass, 
heavily silver-plated: these features combine to assure long life. 

The RL Switch offers from 1 to 6 circuits per section with 30 
degree indexing—from 1 to 3 circuits per section when 60 degree 
indexing is used. RL Specification Sheets will give you more of 
the story. Send for them without obligation. Call on our 
engineers any time for extra help. 

RL 

MA L L O R Y  S WITCHES 

P. R. MALLORY & CO. Inc. 

(ELECTRONIC, INDUSTRIAL and APPLIANCE) 

P. R. MALLORY 8. CO., Inc., INDIANAPOLIS 6, INDIANA 

ASK FOR 

SPECIFICATION SHEETS 

Prinr,./ on in ',goo to Ile u m( 

blueprinting, these sectional draw-
ings indicate standard and 
optional dimensions— make it easy 
for you to order production samples 
built to meet sour requirements. 
Standard RL switches are obtain-
able from your nearest Mallon 
Distributor. 

PROCEEDINGS OF THE I.R.E. April, 1947 
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PROUDLY PRESENTS 

MODEL 616A 

UHF SIGNAL 
GENERATOR 

Ins 

0  0  0  i lli a ll6 r111117  

Hoe 

esti% 
lo• 

• 

at *eel • 

11 ...six.•xis' • 2 ; 

NOW! for the first time 

Fast, direct readings 
1800 to 4000 mc 

Here for the first time is an uhf signal gen-
erator that combines direct reading scales, 

simplified controls, and c-vd, pulsed, or a 
limited f-m output with a wide frequency 

range and a rugged, compact design. 

Direct Reading, Direct Control 
t. cirricr trequi.oss its [ilk Pus he directly 

set and read on the large central frequency 
dial. R-f output from the reflex klystron 
oscillator is also directly set and directly 
read, in microvolts or db, on the simplified 
output dial. No calibration charts or inter-
polations are necessary. And because the 
unique coupling device causes oscillator 
repeller voltage to automatically track 
frequency changes, no voltage adjustments 
are necessary during operation. Even the 
bolometer circuit is automatically compen-
sated for temperature changes. 

C-W, F-14, or Pulsed Output 

R-f output ranging from 0.1 volt to 0.1 
microvolt is available. Output may be con-
tinuous or pulsed, or frequency modulated 
at power supply frequency. Maximum de-
viation is approximately -± 5 megacycles. 
Pulse modulation may be supplied from an 
external source or provided internally. 
Pulse rate is variable between 40 and 4000 
cps, and pulse width ranges from 1 to 10 
microseconds. Internal pulsing may be ac-
curately synchronized with either positive 
or negative external pulses. or external sine 

Gime 

waves. R-f pulse may be delayed ; to 300 
micro-seconds with respect to the external 
ssnchronizing pulse. Output trigger pulses 
are also available. They may be simul-
taneous with the r-f pulse or delayable 
from 3 to '.00 microseconds with respect to 
the :4 pulse. 

Wide Range, Greet Stability 

A twist-of-the-wrist precision tunes the -bp-
Model 616A to any frequency between 
1800 and 4000 mc. Accuracy of calibration 
is within ± lc and stability is of the order 
of 0.005% per degree centigrade in am-
bient temperature. Line voltage changes of 
10c7c cause frequency changes of less 

than 0.02c. 1Seo 

• 

• .. 

• 

• 

• 

Wide Applicability 

The -bp- Model 6I6A UHF Generator is 
ideal wherever precision ultra-high fre-
quencies are needed for measuring pur-
poses. Some of its many uses include 
determining of receiver sensitivity, signal-
noise or standing-wave ratios, conversion 
gain, alignment, antenna or transmission 
line characteristics. The instrument is light 
and compact, occupying minimum bench 
space. It is unusually rugged of design for 
long-term, trouble-free operati on. Repairs 
and replacements, when necessary. are made 
extremely easy by straight-forward circuit 
layout and ready accessibility of all corn. 
ponents. 
The -bp- Model 616A UHF Signal Gen-

erator is available for early delivery. Write 
or %sire today for full technical details. 

HEWLETT-PACKARD COMPANY 
1380D Page Mill Road, Polo Alto, California 

Export Agents: FRAZAR AND HANSEN 
10 C o  S.re e. San Francisco II,Colifornia, U.S.A. 

lir 

laboratory instruments 
F O R  S P E E D  A N D  A C C U R A C Y 

- vrymoor w• 

Audio Frequency Oscillators  Signal Generators  Vacuum Tube Voltmeters 

Noise and Distortion Analyzers  Ware Analyzers  Frequency Meters 

Square Wave Generators  Frequency Standards  Attenuators  Electronic Tachometers 
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421-41 
A NOTIIER  - 
EIMAC TETRODE 

21e,lictned jolt 

Industrial 
Heating 

Communications 
Airline 
Police 
Emergency 
Broadcast 

Medical 
Diathermy 

Experimental r-f 

EIMAC 4-750A POWER TETRODE 
Electrical Characteristics 

Filament: Thoriated tungsten 

Voltage    7.5 volt 
Current    20  amp 

Direct Intorelectrod• capacitances (an.) 
.24 ppl 

26.85 aupf 
1.70 ppf 

Grid-plate 
Input    
Output   

Maximum Ratings 

D-C Plate Voltage - - • 6000 max. volts 
D•C Plat* Current • • • 700 max. ma. 
Plate Dissipation • - • - 750 max. watts 

Here's a new Eimac tetrode —the power step-up you have 
been asking to have added to the Eimac line. 

Capable of 2-kw power output at 4000 plate volts, with less than 
15 watts of grid drive, the 4-750A opens a new field of possibili-
ties to designers of electronic equipment. A pair of these tet-
rodes, driven by low cost, low-power tubes, will supply more than 
4-kw output. 

A potential workhorse for communications and industrial use, 
the 4-750A has the ability to deliver its maximum power over a 
wide range of frequencies. Inherent characteristics include the 
familiar attributes of Eimac tetrodes —stability, economy, and 
dependability. 

Complete technical data and performance characteristics wilt 
soon be available. Write now for your copy. 

EITEL-McCULLOUGH, INC., 1403 San Mateo Avenue 
San Bruno, California 

Follow the Leaders to 

EXPORT AGENTS: FRAZAR AND HANSEN. 301 CLAY STREET 
SAN FRANCISCO 11. CALIFORNIA. U. S. A. 

.„ 
loo rul3ES 
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EST  Hams around the world 

..ii >. have been Ndtional's col-
laborators in creating the 

1914  NC-173—ready now after 

five years of intensive research. Here 

are some of the advantages this 13-

tube superheterodyne receiver offers: 

• The NC-173's newly designed ad-

justable threshold double diode noise 

limiter—working on both phone and CW 

—hasan extremely high limiting efficiency 

because of the short recovery time. 

• Voltage regulated circuits give the 

NC-173 high stability and less drift for 

changes in powerline voltage. The pitch 

of code characters barely changes — 

even over extended listening periods. 

• The S-meter circuit allows signal 

strength recordings to be taken on either 

phone or code. 

• Works equally well on coaxial feed-

line, single-wire, directional or balanced 

antenna. 

• AC powered. Will also operate on 

battery for portable or emergency use 

—110/120 or 220/240 volts, 50/60 

cycle. Frequency range .54 to 31 and 

48 to 56 MC. (Includes calibrated band 

spread on 5, 10, 11, 20, 40 and 80 

meters). 

• Ask your dealer to let you see and 

hear the new moderate-priced NC-173. 

PROCEEDINGS OF TIIL. I.R.E. April, 1947 9A 
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Does your oscillograph have single or 

recurrent sweep frequencies as low as 

0.2 cycles per second? IT CAN... 

+ 
with the Du MONT Type 215 

LO W-FREQUENCY LINEAR-
TI ME-BASE GENERATOR 

Here's the means for vastly increas-
ing the usefulness of your already useful 
oscillograph. 
This accessory instrument provides a 

450 v. d.c. or peak-to-peak undistorted 
linear-time-base signal voltage of a fre-
quency variable from 0.2 to 125 cycles 
per second! Special compensating cir-
cuit assures linearity. 
The single sweep can be initiated 

either manually or by observed signal. 
The oscillograph-screen pattern can usu-
ally be spread out to three times' full 

ALLE N B  DU M O NT LA B ORAT ORIES . NC 

scale deflection. Return trace blanking 
signal of either positive or negative 
phase. 

For single sweep, and for low-fre-
quency recurrent-sweep studies, the 
DuMont Type 215 Low-Frequency Linear-
Time-Base Generator used in combina-
tion with the DuMont Type 208-B general 
purpose oscillograph, or equivalent, pro-
vides excellent results. Note the typical 
studies herewith. Definitely "must" 
equipment. 

EL EC TROCARDIOGRAPHY 

FLASH BULB CHARACTERISTICS. 

MACHINERY VIBRATION STUDY 

E I EC T ROE NC EPHA LOGRAPHY 

RELAY REBOUNCE STUDY 

DIESEL ENGINE CYLINDER 

PRESSURE 

Descriptive literature 

on request. 

ALLEN B. Du MONT LABORATORIES, INC., PASSAIC; NE W 

to•sr-

e"b ileitlr:Of 6 7-4  siltit 
JERSEY • CABLE ADDRESS: ALBEEDU, PASSAIC, N. J., U. S. A 

_ 
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/fivitervioad TO ATMOSPHERIC MOISTURE 

pw4 AGAINST INDUSTRIAL FUMES . . . 

Zu Weeted BY EXTREME HEAT OR COLD 

Wealteutee SEVERE MECHANICAL SHOCKS 
. . . in short, constructed 
to last under the worst of 
operating conditions. 
* Although essentially fitted for 
the "tough" applications, Chicago 
Transformer's Sealed in Steel con-
struction is being specified with 
increasing frequency by engineers 
who design electronic equipment 
for only average, or normal, con-
ditions, hut who, because of the 
vital services performed by their 
products, require an extra margin 
of dependability. 

Their reasoning 
(a) Water vapor, oxygen, and carbon 

dioxide exist in all atmospheres; chlorine 
and sulphur compounds in the air of in-
dustrial localities. 
(b) The action of these agents, intens-

ified by heat and direct current potentials, 
corrodes copper coil windings, shortens 
transformer life. 
(c) Moisture, even when not excessive 

in the air, frequently condenses on the 
inside of partially sealed or unsealed cases 
and shields as the result of variations in 
temperature. 

Their conclusion 
It is good engineering to specify the 

transformers that have met with outstand-
ing success the most rigid military tests for 
sealing against corrosion, have been proven 
to stay sealed in extremes of heat and cold 
... Chicago Transformers, Sealed in Steel. 

C.T.'s exclusive Bushing•Gasket Seal at terminals employs 
tough resilient gaskets to permanently teal all openings 
and to cushion terminals and bushings against mechanical 
shock or drastic changes in temperature. (No cracking 
because of sudden heat transfer from soldering iron to 

terminals during chassis assembly operation.) 

Seamless, Drawn Steel Case and C.T..innovated Deep 
Seal Base Cover provide a strong, impenetrable housing 
which, with its compact, modern, and streamlined "good 
looks," helps sell the equipment in which it appears. 

Coil is impregnated by a process using heat and alternate 
cycles of vacuum and pressure. By use of vacuum, all 
moisture is withdrawn from the coil, while pressure and 
heat thoroughly impregnate it with wax or varnish. Supe-
rior to ordinary impregnation processes, this method 
insures that the transformer is potted without moisture 
trapped inside. 

3501  ADDIS O N  STREET  •  CHIC A G O  18,  ILLI N OIS' 
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A NE WS and NE W PRODUCTS A 
April, 1947   

Type T-300 Transmitter Tube 

A new transmitting tube in the medium-
power field, featuring high peak emission 
and long life, has been released by Taylor 
Tubes Inc., 2312 Wabansia Avenue, Chi-
cago 47, III. The T-300 may be used for 
Class B or C operation. 
The tube has an overall length of 12' 

with an envelope diameter of 34'. Its base 
is the Jumbo 4-pin type. Maximum operat-
ing conditions are: plate, 3,000 volts 
DC; plate current, 275 milliamps; grid 
potential, minus 500 volts DC; grid cur-
rent, 60 milliamps; plate input, 750 watts; 
and R.F. grid current, 12 amperes. 

High Frequency Cable 

r„;;Ra o 

A new, improved twisted dual-conductor 
high-frequency cable specially designed for 
FM and television receivers to free them 
from locally induced interference even un-
der the most adverse conditions has been 
developed by Federal Telephone and Ra-
dio Corp., 200 Mount Pleasant Ave., New-
ark 4, N. J. Known as KT-51, this cable is 
for use wherever a balanced-transmission 
line is needed. The manufacturer further 
points out that this new cable has a high 
degree of stability, low attenuation, and a 
capacity unbalance maximum of only one 
per cent. 

12a 

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

FM/AM Tuning Tube 
A newly designed electron-ray indi-

cator tube, Type 6AL7-GT, which pro-
vides visual tuning for frequency or 
amplitude modulation receivers, has been 
announced by the Electronics Depart-
ment, General Electric Company, Syra-
cuse, N. Y. Developed to simplify the 
problem of precise tuning on frequency-
modulation receivers, the new tube will 
produce displaced luminous areas on its 
face. The "on tune" condition is indicated 
when the two halves of a pattern which 
appear on the screen at the end of the 
tube are aligned. Deviation from the 
proper tuning condition on either side of 
resonance will raise or lower an edge of 
the pattern. 

TinOt T 

Three deflection electrodes are ad-
jacent to the cathode and the cathode-
deflection-electrode-assembly is separated 
from the target by the space-charge grid. 
These electrodes can effectively control the 
position of the electron beam on the 
target because the velocity of the electron 
is low in the region between the cathode 
and space-charge grid. 

Quartz Discs 
Quartz discs measuring approximately 

40 mm. in diameter and 3 mm. thick were 
recently produced by North American 
Philips Co., 100 E. 42 St., New York 17, 
N. Y., which have a frequency of one 
megacycle and are capable of sustaining a 
power load of about 24 kilowatts. 
These oscillator plates were developed 

for use in cavitation, coagulation, and 
emulsifications processes. Both sides of the 
plates have a chemically-applied silver 
film by means of which electrical energy 
is supplied through a multiple-contact rim 
mounting while the unit is immersed in 
the liquid to be agitated. 

Type 0A5 Relay Tube 

A new five-element, internally trig-
gered, miniature cold-cathode relay-tube 
Type OAS has been announced by the 
Electronics Division, Sylvania Electric 
Products Inc., 500 Fifth Ave., New York 
18, N.Y. Measuring only 1 5/8' overall 
and 11/16' in diameter, the tube reduces 
delay-in-firing from 100 to 1 microsecond; 
has stable triggering charcteristics through-
out its life; and is designed for positive-
pulse, low-current triggering on trigger 

grid. 

The manufacturer points out that these 
improved characteristics make it ideal for 
electronic photoflash mid similar applica-
tions where manual trip, built-in shutter 
synchronizing, or photocell switching is 
used. The tube may be mounted in any 
position and is supplied with miniature-
button seven-pin base. 

Terminal Lugs 
New insulated midget terminal lugs, 

designed to cover such applications as tie-
points where the potential is exceedingly 
high at radio frequencies, over a broad 
humidity range, have been announced by 
Cambridge Thermionic Corp., 145 Con-
cord Ave., Cambridge 38, Mass. These 
lugs, furnished in both rivet and stud types 
are available with either a single or double 
midget lug, and have a breakdown of 
approximately 6000 volts alternating-
current. The studs are of cadmium-plated 
brass, and the insulators of phenolic. 
material are securely fitted to lug and stud 
to avoid loosening under shock and 
vibration. 

(Continued on page 44A) 
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EVERY DE MORNAY-BUDD WAVE GUIDE 
s Electrically Tested, Calibrated and Tagged 

Crystal Mount DB-453 Rotating Joint DB-446 

Uni-direclionol Broad Bond Coupler DB-442 

IIS- 11-i-directional Narrow Band Coupler DB-441 

90' Elbow (H Rlone) DB-433 

Bulkhead Flange DB-451 

Pressurising Unit DB-452 

Uni-directional Narrow Band Coupler DIV-440 

 REFLECTOR 

HORN 

 ROTATING JOINT 
r -e) 

FLAT 90. ELBOW 

90 TWIST 

MITERED ELBOW 

STRAIGHT 
SECTION 

EDGE 97 ELDON  97 TWIST 

• 
RF UNIT 

Typical plumbing arrangement illus• 
troting use of De Mornay - Budd com-
ponents available from standard stocks. 

When you use any De Mornay•Budd wave guide 
assembly, you know exactly how each compo-
nent will function electrically. You avoid possible 
losses in operating efficiency through impedance 
mismatches, or breakdown and arcing caused by 
a high standing wave ratio. (See chart below.) 

De Mornay•Budd wave guides are manufac-
tured from special precision tubing, and to the 

The curve shows the manner 
in which the reflected power 
increases with an increase in 
the voltage standing wave 
ratio. The curve is calculated 
from the following equation: 

V1,100 

% Power Reflected =  vrnin )   
( ( 

/ Vrnox \ 
yr,- in ) 4 - 1 

1 
) 2 

Mitered Elbow (H Plane) DB-439 

O. Twist —DB-43-5—j  

RF Radar Assembly DB-412 

41 

most stringent mechanical specifications. Rigid 
inspection and quality control insure optimum 
performance. 

NOTE: Write for complete catalog of 
De Mornay Budd Standard Components 
and Standard Bench Test Equipment. Be 
sure to have a copy in your reference files. 
Write for it today. 

DE MORNAY 
UDD 

EQUIPMENT 
FOR 

97% OF ALL 
RADAR SETS 

De Mornoy•Budd, Inc., 475 Grand 
Concourse, New York 51, N. Y. 
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ECONOMICAL SWITCHES': 
SLIDE  ROTAR  TION 

Writ. for Catalog RC-6 In-
cluding Stackpole Switches, 
Fixed and Variable Resis-
tors and Iron Cores. 

I 

la ;•- •17P ,' 
r 

... for almost any appliance or instrument 

Chances are Stackpole has the switch you 
need —at a price in keeping with your pro-

duction budget. Eighteen standard types in-

clude 1-, 2-, 3- and 4-pole and 3-position 

switches, with or without detent, spring re-

turn, covers and other optional features. 

Special types and adaptations can be pro-

duced economically for large quantity users. 

' They're fully dependable. They add greatly 

to the sales appeal and efficiency of any 

, 
electrical product. 

STACKPOLE CARBON CO. • St. Marys, Pa. 

)).\•• 

— 

iET  

• • • 

_txtc. 

FIRST QUALITY  ELECTRONIC  CO MPONENTS 
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"WHEN EQUIPMENT IS STILL IN THE BLUEPRINT STAGE... 

AND VOLTAGE VARIATIONS MAKE YOU RANT AND RAVE 
i . , 
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 /444Mar4ef 44fe " fill ha fie r ar'Ptle  
It may look good on paper . . . and 
perform superbly under regulated 
laboratory voltages, BUT . . . when 
it encounters the unstable voltages 
that are available to your customers, 
what happens 

—to costly filaments and tubes? 
—to precision parts? 
—to sensitive, balanced circuits? 
—to over-all efficiency? 
—to customer good-will? 

The operating voltage you specify 
will never be consistently available 
unless you make provision for it. 
That can be done most economically 
and satisfactorily by including an 
automatic, self-protecting SOLA Con-
stant Voltage Transformer as a "built-
in" component of your equipment. 

There are many standard models 
in SOLA Constant Voltage Trans-
formers that have been specifically 

designed for built in use. They are 
being successfully used today by 
many manufacturers of electrically 
energized equipment who have guar-
anteed the availability of constant 
rated voltage. May we make a recom-
mendation for your equipment? 

LL TRANSFOR MERS 

Jimmus. 
Write for 

IUUNU ..Here is the anitveillall 
to unstable  
problems., iimula mni 

Jin1111111111111111111111111E 
4:1151i111111111111111111111111111111111111111 
-:"0 '̂91770MIPTIMT7ITIPTIMmw.̀''' 

Transformers  ConstontVolloge • Cold Cathode Lighting • Mercury Lamps • Series Lighting • Fluorescent Lighting • X-RoyEquipment • turn.novs Tube Sign1 

Oil Burner Ignition • Radio • Power • Controls • signal systems • etc. SOLA ELECTRIC COMPANY, 252$ Clybourn Avenue, Chicago 14, Illinois 
Manufactured in Canada under & U M by FERRANTI ELECTRIC LIMITED, Toronto 
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1.H011 ARSON I \ts THE OLDEST MANUFACTURER OF QUALITY 
TRANSFORMER EQUIPMENT IN THE UNITED STATES 

For well over fifty years Thordarson has been turning out the finest in amateur 

and industrial transformer equipment. Founded in 1895 by Chester Thordarson, 

designer of the first amateur transmitting transformer, this company has pio-

neered many new developments, including the superior coil and core materials 

now used in its entire line. Describing quality transformers for every ham 

requirement, the Thordarson catalog is still regarded as the "bible" of the 

radio amateur. 

In the industrial field, Thordarson was first to 

design and build transformers for specific ap-

plications. To this day, when there is a question 

of correct transformer design, Thordarson is 

usually consulted first. Thordarson Amplifiers, a 

logical outgrowth of this vast transformer manu-

facturing exper;ence, are regarded by experts 

as the finest in present-day sound equipment. 

In the future, as in the past, Thordarson Trans-

formers and Amplifiers will continue to be manu-

factured to the same high standards which have 

distinguished their production from the begin-

ning. When you specify Thordarson you will 

always be sure of obtaining a product which is 

as perfect as a half century of electronic manu-

facturing experience can make it. 

THORDARSON  CHICAGO,  ILLINOIS 

et, 

er 

EL E C T .RO NI C 

DI S T RI B U T O R  A N D 

f1Tt 

Thordorson Transformers and 

Amplifiers are designed for 
every electronic application 

IN D US T RI AL  SAL E S  DE P A R T M E N T 

936 NORTH MICHIGAN AVENUE MAGUIRE INDUSTRIES INC. CHI C A G O  11,  ILLI N OIS 

EXPORT  SALES  DIVISI ON • SCHEEL  INTERNATI ONAL  INC ORP OR ATED 
4237-39 N. LINCOLN AVENUE, CHICAGO 18, ILL. CABLE ADDRESS HARSCHEEL 
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L INSULATION 
FOR ELECTRONIC HEATING DEVICES 
LO W LOSS FACTOR... HIGH DIELECTRIC STRENGTH AND RESISTIVITY 

Electronic heating devices require the best insula-
tion. That is why you find AlSiMag custom made 
technical ceramic insulation at the critical points 

in practically all the leading makes of dielectric 

-4 

Ic 

1.• 

• 

and induct;on heating equipment. AlSiMag is also 
widely employed in work holders, fixtures, gang 

run devices, locators, spacers and jigs to hold 

products during electronic heating. 

AMERICAN LAVA CORPORATION 
C H A T T A N O O G A  5,  TE N N E S S E E 
4 6t h  YE A R  O F  CE R A MI C  LE A D E R S HI P 

SALES OFFICES: ST LO WS, Mo., 1123 Washington Ara, TM: Garfield 4959 • NE WARK, N. J., 671 Voted St., Tel- Mitchell 2-8159 
CAMBRIDGE, Mass., 3114 Brottle St., Tel Kirkland 4498 • CHICAGO, 9 S. Clinton St., Tel: Central 1721  • SAN FRANCISCO, 
163 Second St., Tel- Douglas 2464 • LOS ANGELES, 324 N Sem Pedro St., Tel: Mutual 9076 • PHILADELPHIA, 1649 N. Brood Svssi 

/ WHY 
THE MRATRON  
USES ALSIMAG 
INSULATION 

1 
7.;:i rr atijiaber 

004.1 
• 

• 

11 I 

vogit H. i 111 'EPTOR 0.111PANy, RAT. 

rrrrrrr 

.....  „. 

American Lava Corporation 
ChaCtanooma 5. Tenn ..... 

Gentlemen: 

2[11  •••• ......  •.• .••• 

Jemusty 14. 1947 

Of prime importance la the efficiency and stability of high 

frequency circult• employe4 In our liae of 1113300111tOl electronic 
dielectric heater  and sealer. is the exceptional lov loss  factor. high dielectric str ength and resistivity of the ceramic incalmtors used. 

The TR ZEI,M21011 Is generally used la electronically sealing 
thermivlastle films and in preheating thermosettlag plastic 
preforms materials end operates at frequencies around 27.5 
; Z: 7•/:e' 

;:r• us:Lt1.1:imZe:::411 LuZtit:P.: Ito Zo gtttg.:ua4drt and 
Isolate the rad10 frequency circuits must have o:tresmAy ler los• characteristicil. 

Aaillat ceramic laeulators wire chosen to meet these exactlisg 
requirements in 37011041910111 design and construction. 

The accompanying Int r  evs Illustrat• the many applications 
of your Simulator,  erio  •l 

In this equipment.  

Very truly yours, 

Gana, 
01  0.9 4Rer 

THIJIMATRKM DTRESIOX 

JMT:MY 

lob lid* ',how (Panel tomovedl 

25 KW Thermatron Hitatmalter 

Photo courtiny Ratite Ne wt°, to., b"• 
2.51 West IOU, Street, Nor YofIr II, N. Y. 



TUNC•SOL 
614 MINIATURE 
POWER RECTIFIER 

"Those TUNG-SOL people have come 
out with another new one ... their 6X4 
power rectifier in miniature. It is elec-
trically equivalent to the big 6X5GT 
but has all the many advantages of a 
miniature. While this 6X4 was planned 
for mobile service, it is so good that 
you can use it for a lot of other 
applications. 

"You expect a rectifier to do its job 
under a wide range of operating con-
ditions. The TUNG-SOL 6X4 certain-
ly does. In full-wave condenser input 
service at full load, it operates at 72% 
efficiency. That can't be matched 
by other types of rectifiers that 
do not offer the advantages 
of the 6X4. 

6 

Reii46-614  littiatte ?ties-

It provides 335 volts output at 70 
milliamperes with 325 volts AC applied 
to each plate. Where regulation is a 
factor, use of the choke input circuit 
results in about 10% variation in out-
put voltage over a 10 to 1 range of out-
put current. 

"How is it under extreme temperature 
variations? The 6X4 is always ready 
to 'start' in the coldest weather. Its 
use is seldom restricted by high 
ambient temperatures. 

- erAllas. 

Conduction cooling through the tube 
socket will usually be enough even 
in compact 'boxed-in' equipment. The 
6X4 respects Ohms law in the desert 

or in the 'Arctic. Its ruggedness is 
proof against both continual vibration 
and wide variations in heater supply 
voltages. With a tremendous reserve 
in emission, it makes little difference 
if its source of AC power is a vibrator 
or the Grand Coulee dam. 

"Too bad, Joe, you dubbed your shot. 
I just wanted to tell you that you 
should look into miniatures for that 
new stuff you are getting out.TUNG-
SOL Engineers will be glad to tell you 
which miniature to use and advise 
you as to circuits. You know they 
are not in the radio set business 
so you can talk to them freely. 
Why don't you write 'em?" 

A MIE 
e •:$'1 ' 

— 

TUNG-SOL 
/1/X;'(/4 /.'le 4.) 4// 

ELECTR O N  TUBES 

TU N G-S O L  LA M P  W O R KS  IN C.,  NE WA R K  4,  NE W  JE R S EY' 
Sales Offices: Atlanta • Chicaco • Dallas • Denver • Detroit • Los Angeles • New York 
Also Manufacturers of Miniature Incandescent Lamps, All-Glass Sealed Beam Headlight Lamps and Current Intermittors 
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VITAMIN Q DIE 
ITRADE MAR; REG. U S PAT OFF 1 

111111111111111 HAS P RM  TED 
SUBS 
DUCTIOHS  pm, 
E 1ZE AND WEIGHT 
N 01L-FILL 

TYP 

TYPICAL ! Greatly Increased Life 
for Fluorescent Lamp Capacitors 
The application of Vitamin Q dielectric to Sprague 
Fluorescent Lamp Ballast Capacitors has established new, 

higher standards of performance under all conditions of 
use. Standard 31/2 mfd. 330 volt capacitors in 2" round 

containers were tested competitively for 750 hours at 

575v. A-C at 85°C. in still air. Not one of the Sprague 

Capacitors failed. All competing units by three other 

manufacturers failed within four hours. Write for 

Sprague Technical Data Bulletin No. 3200. 

SPRAGUE ELECTRIC COMPANY, North Adams, Mass. 

PIONEERS  OF ELECTRIC AND ELECTRONIC  PROGRESS 
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REVERE SHEET AND STRIP 

FOR DRA WN PARTS 

FOR all products to be made by drawing, stamping and similar sheet metal operations, 

Revere sheet and strip of copper or brass offer 
maximum ease of fabrication. Not only are these 

metals naturally ductile, but they benefit further 

from the metallurgical skill which Revere has 
gained in 145 years of experience. 

In composition, mechanical properties, grain 
size, dimensions and finish, you will find Revere 

metals highly uniform. They enable you to set 
up economical production methods and adhere 
to them. They can help you produce better 

products at faster production rates, with less 
scrap and fewer rejects. 
Revere copper, brass and bronze lend them-

selves readily to the widest variety of finishing 
operations—polishing, lacquering, electro-plat-
ing. With these superior materials it is easy to 

make radio shields and similar products beau-
tiful as well as serviceable. 

That is why wise buyers place their orders 
with Revere for such mill products as—Copper 

and Copper Alloys: Sheet and Plate, Roll and 

Strip, Rod and Bar, Tube and Pipe, Extruded 

Shapes, Forgings—A/uminum Alloys: Tubing, 
Extruded Shapes, Forgings—,1Iagnesium Alloys: 
Sheet and Plate, Rod and Bar, Tubing, Extruded 

Shapes, Forgings—Sted: Electric Welded Steel 

Tube. We solicit your orders for these materials. 

REVERE 
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.; 
Neu' Bedford, Mass.; Rome, N. Y. 

Sales Offices in Principal Cities, Distributors Everywhere 
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COMMUNICATION 

INDUSTRIAL 

RECTIFICATION 

ELECTRO-MEDICAL 

EXPERIMENTAL 

SPECIAL PURPOSE 

11‘ ONE SOURCE FOR ALL TYPES 

AMPEREX 
For a quarter century AMPEREX has been identi-
fied with creative research, laboratory approach, 

precision manufacture and helpful service in its 
chosen field—power tubes. As tube specialists 

deeply concerned with all modern develop-
ments, Amperex engineers are in a position to 

give detached counsel and information. 
WRITE, AMPEREX APPLICATION ENGINEERING DEPARTMENT. 

AMPEREX ELECTRONIC CORPORATION 

25 WASHINGTON STREET, BROOKLYN 1, NE W YORK 

IN CANADA AND NE WFOUNDLAND  ROGERS MAJESTIC LIMITED 

11-19 BRENTCLIFFE RD., LEASIDE, TORONTO 12, ONTARIO, CANADA 

PROCEEDINGS OF THI.1 I.R.E.  April, 1947 
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MOTOR-STARTING CAPACITORS 

uitable for use in  artrng-  of a-c motors 
ithin their nominal voltage rating and at all tern-
eratures from —76F to +185F. 

These units are supplied without in-
sulating tube or other hardware. Re-
quests for hardware should be accom-
panied by drawings of parts required. 

/ 10-32 THD 

_ - VENT 

TOBE DEUTSCHMANN eoiliuvidia" CANTON, MASSACHUSETTS 
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NEW VHF NAVIGATION 

SYSTEM PROVED* 
* Firs Be  ,irafing's :se Indianapolis 

S 114.4•4̀ .41s hi I in Fog and Snow %torus 

c -

On January 4-5, and again from January 20-23, 
a new VHF airborne receiving and indicating 

system, giving ADF type presentation, was suc-
cessfully demonstrated in conjunction with the 
CAA's Omnidirectional Range at Indianapolis. 

The radio and instrumentation equipment was 

designed and built to specifications of Aeronau-
tical Radio Inc. by the Collins Radio Company. 

In full cooperation with commercial aviation 
in its untiring efforts to establish improved air 

navigation facilities, the Collins 51R system was 
speeded to completion by intensive engineering 

effort, and is the first of its type to be demon-
strated. ARINC's Radio Equipment Committee 
and commercial airline engineers witnessed the 
earlier demonstration in the Collins flight research 
plane, a Beechcraft 18S. Fog and low-hanging 

clouds precluded any but instrument flying and 
provided ideal conditions for proving the effec-

tiveness of the system. 

The second demonstration was at the request 

of the Air Transport Association's Air Navigation 
Traffic Control Research Group for ATA mem-

bers. The equipment was installed in ATA's ex-

perimental plane, a DC-3. 

The Collins 51R Navigation System includes 

COLLINS 

a 280 channel receiver covering 108 mc to 136 
mc in 100 kc steps and provides facilities for the 

following: 

a. Localizers, tone type (90/150 cycles), in-

cluding flag alarm. 

b. Localizer, phase type, including flag alarm. 
c. Omnidirectional ranges, indicating on 
cross pointer meter, course chosen by manual 
course selector. Includes operation of am-

biguity indicator and flag alarm. 

d. Omnidirectional ranges which, when auto-
matically combined with magnetic heading 

information, provide automatic direction 

finding type of presentation in the cockpit. 

The receiver utilizes the exclusive Collins Drift 

Cancelled Oscillator (DCO) circuit which pro-
vides extremely high stability and rejection of 
spurious signals. Two or more receivers can be 

operated with a single antenna. 

These successful demonstrations are historic 

because they mark the first major step in the de-
velopment of a complete, fully integrated system 

which will permit guided and controlled flight 
in any direction, on any track, to any point within 

the coverage of the basic radio facilities. 

IN RADI O CO M MUNICATI ONS, IT'S... 

RADIO COMPANY, Cedar Rapids, Iowa 

11 W. 42nd Street, New York 18, N. Y. 

OILING 

458 South Spring Street, Los Angeles 13, Calif. 
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Centralab reports to 

1 As re‘olu, 'nary as the multi-purp,,,, engineers are saying about Centralab's new Coup/ate. Now available 
for the first time, the Coup/ate is a complete interstage coupling 
circuit which combines into one unit the plate load resistor, the 

grid resistor, the plate by-pass ctraLit,,r and the coupling capacitor. 
For today's manufacturers, the Coup/ate saves up to five soldered 
connections, increases labor efficiency 50%, assures fast, preci-
sion wiring on interstage couplings. 

NO W SEE HO W 

4THIS REPLACES THIS. 

C1 — Coupling Capacitor, .01 
mfd. is standard. 

C2 Plate R.F. By-Pass Ca-  At 
pacitor, 250 mmf. ± 20% is 
standard. 
RI—Plate Load Resistor, 250,-
000 Ohms -± 20% 1/5 watt 
is standard. 

R2 —Grid Resistor, 500,000 
Ohms ± 20% 1/5 watt is 
standard. 

Other Values Available 

Integral Ceramic Construction: Each Coup/ate is an integral assembly ut 
"Fir-ICAP" capacitors and resistors closely bonded to a steatite ceramic plate and 
mutually connected by means of metallic silver paths "printed" on the base 
plate. Think of what that means in terms of time and labor saving... 

24A 

3
 Only four soldere d connect ions  are  now  
required by the CoupLzte instead of the 
usual eight or nine (see above). That 
means fewer errors, lower costs! 
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Electronic Industry 

4
 In addition —Centralab has just an-
nounced a sensational new quality line 
of miniature ceramic disc capacitors im-
pervious to moisture... 

Made from Centralab's original Ceram-
ic-X —result of our continuing research 
in high dielectric constant ceramics. 
Write for Bulletin 943. 

When you see this CRL monogram on 
electronic components, you're assured 
of tested performance, quality and de-
pendability. Look for it! 

More news! The recognized dependa-
bility and high quality of ceramic by-
pass and coupling capacitors is now 
available at a new low price ... 

Look at "HI- KAP" Performance, 

Ratings, Convenience of Design! 

Diameter (Max. 0. D.) 

Thickness (Maximum) 

W. V. D. C. 

Guaranteed Min. Capac. 

Flash Test V. D. C. 

Weight (Average) 

31 

450 

.005 

900 

1 gm. i .035 oz. 

0th., tapas ., valves avadable  new , 

8 

HI-KAP's permanent Ceramic-X stabil-
ity assures utmost reliability in small 
physical size and low mass weight. 
Write for Bulletin 933. 

Here's Centralab's newest control for 
miniature receivers, amplifiers. No big-
ger than a dime, high quality perform-
ance is assured. 

Look to Centralab in 1947! First in component research 
that means lower costs for the electronic industry. If you're plan-
ning new equipment let Centralab's sales and engineering service 
work with you. Get in touch with Centralab! 

DIVISI O N OF GLOBE-U NI O N INC., MIL WAUKEE, WIS. 
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More d More 
250 Wa A Stations 
are Ovig,Po  d 6,v /?aytheori 

cc:10QQ 

acaacnz 
3 ,  9 

1. 

2. 

3. 

4. 

-) 

Here's the AM Trans mitter that small-station owners are turning 

to...for its dependable, simpler circuits... its advanced design 

... its modern, "dress-up" beauty! 

HERE'S WHAT THE SMALL STATION NEEDS! 

... Study these RAYTHEON features 
before you choose any transmitter. 
for replacement or new installation. 

Simplified, More Efficient Circuits —A high 
level modulation system eliminates necessity of 
complicated and critical adjustment of linear 
amplifiers and minimizes harmonic distortion. 

Increased Operating Efficiency—The use of 
the most modern improved components which 
are operated at well below their maximum 
capacity together with simplified circuit design 
greatly increases overall operating efficiency. 

Greater Dependability —Due to the use of 
Triode type tubes, feedback failute will not 
cause a complete breakdown and the signal 
quality will still be good. Cooled by natural 
convective air currents, it is not subject to dam-
age or fire caused by a blower failure. 

Simple, Speedy and Accurate Tuning—All 
operational controls are centralized on the 
front panel; every circuit is completely metered 

A NNOUNCED only a few short months ago, 
the Raytheon 250 Watt AM transmitter has 
already won its way into the forefront of 
small station broadcasting. Presented as a 
transmitter of unsurpassed 
design, unsurpassed styling 
and unsurpassed engineering 
excellence, it has proved its 
claims on all three points. 
Visitors exclaim over its strik- Lace/lessee in fier/64-,mino 

5. 

6. 

7. 

8. 

9. 

and instantly checked. A clutch-equipped low-
speed motor makes micrometer adjustment of 
the two tuned stages very easy. 

No Buffer Stage Tuning -- fhe use of a Video 
pe amplifier in the buffer stage eliminates 

this complicated tuning. 

Silent Operation— Natural air cooling means 
no blower noise, permits microphones in same 
room with transmitter. 

Low Audio Distortion —Triode type tubes used 
in the audio stages have inherently lower dis-
tortion level. Specially designed audio trans-
formers reduce audio distortion still further. 

Easy Servicing—Vertical chassis, symmetrical 
mechanical layout and complete accessibility 
through double rear doors and hinged side 
panels make the RA-250 a favorite. 

Easily Meets All F.C.C. Requirements—AD 
electrical characteristics are well within the 
F. C. C. requirements. Noise level is —60 db 
below 100(7 modulation. Frequency response 
± I db from 30 to 10.000 cycles per second. 

ing, modern beauty . . . beauty that gives a 
"show-place" air to any station. Station own-
ers are delighted with its dependable per-
formance ... its silent operation ... and the 

high fidelity signal it puts on 
the air. 
Before you select a 250 Watt 

transmitter, be sure you pos-
sess all the facts. Write or wire 
for our specification bulletin. 

RAYTHE O N  M A NUFACTURI N G  CO MPA NY 

Broadcast Equipment Division, 7475 No. Rogers Ave., Chicago 26, Illinois 

DEVOTED TO RESEARCH AND MANUFACTURE FOR THE BROADCASTING INDUSTRY 



QUICK, EASY, 

ENTIRELY VISIBLE, 

NO TOOLS NEEDED 

These Snapslide Fasteners were originated by A. R. C. 
to provide positive means of attachment and yet to allow 

instant disengagement. Note how the two spring jaws 

of the Snapslide lock around the Stud and insure com-

plete security. Both large and small Snapslide Fasteners 
are available, with Buttons and Studs for various appli-

cations and different thicknesses of material. 

VARIETY OF USES 

Large Snapslides, approximately Vie" wide by 1" long, are suit- , 
able for attaching radio sets or such units as dynamotors, converters, 
etc. to shock absorbers or directly to mounting plates. 
Small Snapslides, approximately 1/4" wide by '%2" long, are used 

to hold down tube covers, fuse covers, and similar light-weight 
parts. 

- 
Designers and Manufacturers of Radio and Electronic Equipment Since 1921 

c=7 

BUT TON (RIVET) 

CURVED  SPRING WASHER 

SNAPSLIOE 

GUIDE 

(PORTION OF 
"COVER" TO 

BE FASTENED 
TO -Box, 

STUD 

PORTION OF 'BOX') 
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How often have you wished for a meter you could see clearly —the whole 
scale of it, wherever you were using it—in the dark, under low lights, or 
even in the kind of glare that causes reflections on the glass—a really illumi-
nated meter? Well, here it is—the result of a new Simpson patented method 
of illumination. 

On these new Simpson Illuminated Meters (voltmeters, ammeters, milli-
ammeters, and microammeters), every fraction of the dial face is flooded 
with light—there isn't a spot of shadow. And this isn't a dull glimmer of 
light. It's a full and even radiance. 

An ingeniously shaped Lucite cone carries the light from a recessed bulb 
in the back of the instrument through the front edge that surrounds the 
entire dial. This makes possible the use of the standard Simpson metal dial. 
Unlike translucent dials, it cannot fade or discolor so that reading becomes 
difficult. It cannot warp or buckle, causing the pointer to stick, or distorting 
readings. The bulb recess is neoprene sealed. 

Behind the refinement of this superior illumination lies the basic reason 
for preferring Simpson instruments —their in-built accuracy. That high 
quality which is the indispensable component of every Simpson instrument 
makes sure that the accuracy will stay there, year after year. 

SIMPSON ELECTRIC COMPANY 

0  S200-5218 W. Kinzie Street. Chicago 44. Illinois 
In Canada, Bach-Simpson, Ltd.. London. Out. 

IN STR U M E NTS  TH AT  ST AY  AC C UR ATE 

OPEN FACE 

SHROUD STYLE 
2" Round Case. Flange diameter, 
2-3/4"; depth overall, 2-5/16"; body 
diameter. 2-11/64"; scale length, 
1-7/8". 

3" Round Case. Flange diameter. 
3-1/2"; depth overall, 2. 1/4"; body 
diameter,  2-3/4"; scale length. 
2-9/16" 

3" Rectangular Case. Width. 3"; 
height. 3-1/8". Mounts in round hole. 
Body diameter, 2-3/4" 

2" Rectangular Case. 2-3/8" square. 
Mounts in round hole. Body diam-
eter. 2-3/16". 
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rUSEFUL POWER OUTPUT 1 
FOR MOBILE F-M 

[ WITHOUT NEUTRALIZATION 

IT WAS NOT EASY . . . Compact though it is, the new 5516 is a far cry 
from the cathode-type tubes previously used in mobile vhf equipment. 
Design and production headaches for instant-heating vhf beam pentodes 
increase in geometric progression with the operating frequency. A glance at 
5516 constructional advantages discloses unusual measures taken to solve 
such problems. Yes, the 5516 of necessity costs more, but it does a real job 

at 165 mc. 

WHAT THE .5516 DOES FOR YOU . . . 5516 useful power outputs at 165 mc 
of 18 watts f-m, 12 watts a-m (more at lower frequencies) are not theoretical 
but are based on actual tested transmitter designs. Low internal tube drop 
gives high output at low plate potential, with simplified power supply 
requirements. Instant-heating filament permits tremendous savings in 
battery drain — mobile or aircraft. One 2E30 doubler or tripler drives a 
5516 in plate-modulated class C to full output at 165 mc. Ratings — designed 
for mobile use — are CCS and equally suitable for the fixed station. Also the 
5516 requires no neutralization in properly designed circuits. Write today for 
complete data sheet. 

HYTRON TYPE 5516 
INSTANT-HEATING VHF BEAM PENTODE 

GENERAL CHARACTERISTICS 

Filament   oxide-coated, center-topped 
Potential (a-c or d-c)  60 10% volts 
Current    0.7 ampere 

Grid-plate capacitance  0  12 maxi.,0 

Input capacitance   8.5irpf 
Output capacitance    6.5,r,ut 
Maximum overall length  3  21/32 inches 

Maximum diameter   1-7/16 inches 
Bas•   low-loss, medium-shell, B-pin octal 

ABSOLUTE MAXIMU M CCS RATINGS 

Mod.* 

r 80 mc  475 

D-c plate potential   - 135 mc  395 
( 165 mc  355 
( 80 mc  30 

D-c plate power input   .1 135 mc  26.5 
(165 mc  23.5 

75 D-c plate current   
D-c screen potential 
Plate dissipation   

Unmod. 
600  v 
500  v 
450  v 
45 

40 
35 
90  ma 

250  250  v 

10  15 

USEFUL PO WER OUTPUT (C(S) — TYPICAL OPERATION* 

Service  Up to: 165 
Class C unmod. or f-m    18 
Class C plate-modulated 

*Carrier condition with most modulation percentage of 100. #Useful power output to load 
equals plots power output less circuit end direct radiation losses. 

12 

135 
24 
16 

80 
90 
20 

MC 

7p,,,01  / 

y 

BASING — BOTTOM VIEW 
Pin  Connection  Pin  Connection 

1 Fil. center tap&  5 Control grid 

beam plates  6  Same as pin 1 

2  Filament  7  Filament 

3  Screen grid  8  No c  tion 

4  Same as pin 1  Cap  Plate 

5516 
CONSTRUCTIONAL ADVANTAGES 

• Zirconium-coated plate, gold-plated 
control grid, carbonized screen grid 
enable maximum possible vhf ratings, 
despite compact size. 

• Special, rugged filament suspension 
avoids short circuits and burn-outs in 
rigorous mobile applications. 

• Three separate base-pin connections 
to filament center tap provide for 
lowest possible cathode lead induc-
tance. 

• Dishpan stem and compact structure 
give short, heavy leads with low 
inductance and capacitance. 

SPECIALISTS IN RADI O RECEIVING TUBES SINCE 1921 

M AI N  O F FI C E:  S A L E M,  M A S S A C H U S E T T S 
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MANUFACTURERS 

W HOLESALERS 

JOBBERS. 

to obtain this desirable material get in touch with 
your WAA approved Distributor! 

Much of the huge inventory of electronic tubes 
and equipment, declared surplus by the armed 
forces, has been allocated to approved distributors 
for disposal. 

The names and addresses of our distributors are 
listed here. They are equipped to serve your needs 
and will know what is immediately available. 
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THESE ARE THE APPROVED DISTRIBUTORS APPOINTED 

BY THE WAR ASSETS ADMINISTRATION TO SERVE YOU: 

American Condenser Co. 

4410 Ravenswood Avenue 

Chicago 11, Illinois 

Automatic Radio Mfg. Co., Inc. 

122 Brookline Avenue 
Boston 15, Massachusetts 

Belmont Radio Corporation 

3633 So. Racine Avenue 

Chicago 9, Illinois 

Communication Measurements Laboratory 

120 Greenwich Street 

New York 6, New York 

Cole Instrument Co. 

1320 So. Grand Ave. 

Los Angeles, California 

Electronic Corporation of America 

353 West 48th Street 

New York 19, New York 

Electra-Voice, Inc. 

Carroll & Cecil Streets 

Buchanan, Michigan 

Emerson Radio & Phonograph Corporation 

76 Ninth Avenue 

New York 11, New York 

Essex Wire Corporation 

1601 Wall Street 

Ft. Wayne 6, Indiana 

General Electric Company 

Building 267-1 River Road 

Schenectady 5, New York 

Raytheon Manufacturing Company 

60 East 42nd Street 

New York 17, N. Y. 

Smith-Meeker Engineering Company 

125 Barclay Street 
New York 7, New York 

Southern Electronic Company 

512 St. Charles Street 

New Orleans 12, Louisiana 

Standard Arcturus Corporation 

99 Sussex Avenue 

Newark, New Jersey 

Sylvania Electric Products, Inc 

Emporium, Pennsylvania 

Technical Apparatus Company 

165 Washington Street 

Boston 8, Massachusetts 

Tobe Deutschmann Corporation 

863 Washington Street 

Canton, Massachusetts 

Tung-Sol Lamp Works, Inc. 

95 Eighth Avenue 

Newark 4, New Jersey 

General Electronics Inc. 

1819 Broadway 
New York 23, New York 

ElE C T R O NI C S  DIVI SI ON 

Hammarlund Mfg. Company, Inc. 

460 West 34th Street 

New York 1, New York 

Hoffman Radio Corporation 

3761 South Hill Street 

Los Angeles 7, California 

Hytron Radio & Electronics Corporation 

76 Lafayette Street 

Salem, Massachusetts 

E. F. Johnson Company 

206 Second Avenue, S. W. 

Waseca, Minnesota 

Majestic Radio & Television Corporation 

125 West Ohio Street 
Chicago 10, Illinois 

National Union Radio Corporation 

57 State Street 

Newark 2, New Jersey 

Navigation Instrument Co., Inc. 

2007 Capitol Avenue 

Houston 3, Texas 

Newark Electric Co., Inc. 

242 West 55th Street 
New York 19, New York 

Radio Parts Distributing Company 

128 W. Olney Road 

Norfolk 10, Virginia 

W AR ASSETS AD MINISTRATION OMNI  Mi  amagl 

••I 

• W  " A * 
ki A 

Offices located at: Atlanta • Birmingham • Boston • Charlotte • Chicago • Cincinnati • Cleveland • Dallas 

Denver • Detroit • Fort Worth • Helena • Houston • Jacksonville • Kansas City, Mo. • Little Rock • Los 

Angeles • Louisville • Minneapolis • Nashville • New Orleans • New York • Omaha • Philadelphia • Port-

land, Ore. • Richmond • St. Louis • Salt Lake City • San Antonio • San Francisco • Seattle • Spokane • Tuls:i 
1000 
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Mane, term i nal 

250 
W ATTS INPUT' 

AT 

1200 
Mc. 

•••with the new 

RCA-5588 
grounded-grid 
power triode 

RATINGS AND CHARACTERISTICS 

Amplification factor 

Direct interelectrode capacitances: 

Grid-plate 

Grid-cathode 

Plate-cathode 

Over-all length 

Greatest diameter 

23 

6.5  mmf 

13  mmf 

0.32 max.  mmf 

3-5/16" +3/32" 

1.75" t0.010" 

As R-F Power Amplifier and Oscillator — 

Class C telegraphy, CCS 

Key-down conditions per tube 

without amplitude modulation 

Maximum CCS Ratings, absolute values: 

D-C plate voltage 

D-C grid voltage 

D-C plate cur' , et 

D-C grid current 

Plate input 

Plate dissipation 

1000 volts 

-200 volts 

300 ma. 

100 ma. 

250 watts 

200 watts 

RCA LABORATORIES 
PRINCETON. N. J. 

THE FOUNTAINHEAD OF M ODER N 

TUBE DEVEL OP MENT IS RCA 

TUBE DEPA RT MENT 

Caditimis mod 

liorder tersitirsal 

Grid Isrunisisi 

Mote tenibiaat 

Here it is... a u-h-f tube tiny enough to fit snugly into the 
palm of your hand, yet big enough to handle a plate dissipa-
tion up to 200 watts. It will operate with full plate voltage 
and plate input at frequencies as high as 1200 Mc . . . and 
at reduced ratings at higher frequencies. 
RCA-5588 is designed with a unique coaxial electrode 

structure that permits use of a large, heavy-duty cathode to 
meet the high emission requirements of u-h-f power applica-
tions. The tube is particularly well-suited for use in radially 
spaced, coaxial-cylinder circuits. In these circuits, it can be 
inserted directly into one end of its circuit cylinder . . . a 
feature that effectively isolates plate from cathode for 
optimum grounded-grid service and provides high circuit 
efficiency for u-h-f service. 
Other outstanding features of the 5588 are its large-area, 

low-inductance electrode terminals . . . silver-plated to re-
duce r-f losses, its efficient forced-air-cooled plate radiator, 
and its terminal arrangement that enables you to install the 
tube quickly without circuit disassembly. 

Here is a triode with a power and frequency rating worth 
considering for those special u-h-f applications. RCA ap-
plication engineers will be glad to co-operate with you in 
adapting this or any other RCA tube to meet your equip-
ment needs. For their specialized help, as well as for com-
plete information on the 5588, write RCA, Commercial 
Engineering, Section R-52D, Harrison, N. J. 
* Class C telegraphy, CCS 

RA DIO CORPORATIO N of A MERICA 
H A R RIS O N, N. J. 
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First Board of Directors Meeting in the New Institute Headquarters 

Board of Directors 
1946 

Seated around the table from left to right are George W. Bailey, executive secretary, 1945-1947; Frederick R. Lack, Hubert M. Turner, 
president, 1944; Raymond F. Guy, treasurer, 1947; Donald B. Sinclair, Raymond A. Heising, treasurer, 1943-1945; Edmond M. De-
loraine, vice-president, 1946; Frederick B. Llewellyn, president, 1946; Haraden Pratt, president, 1938,treasurer, 1941-1942, secretary, 1943-
1947; William C. White, treasurer, 1946; Alfred N. Goldsmith, secretary, 1918-1927, president, 1928, editor, 1913-1947; Stuart L. Bailey, 
William L. Everitt, president, 1945; Keith Henney, George T. Royden, and Murray G. Crosby, director-elect, 1947. 

The new Headquarters Building of The Institute of Radio Engineers, 
at 79th Street and Fifth Avenue, New York, N. Y., has been sufficiently 
completed to enable the normal activities of the Institute to be carried 
out in this adequate location. On December 4, 1946, the Board of Directors 
met for the first time in the new building. 
It was generally agreed that the quarters were commodious, attractive, 

and so arranged as to permit the effective functioning of the various de-
partments of the Institute now housed in the building. 
A second meeting of the Board of Directors was held in the Board 

Room on January 8, 1947. The great volume of business successfully 
handled by the Board on each of these occasions sufficiently attested to 
the congeniality of the surroundings and the analytic and co-operative 
attitude of the Board members. Comprehensive agenda were in each 
instance disposed of during the corresponding sessions. 
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Scientific research and engineering development have engaged in ever-increas-
ing measure of public attention and corresponding political activity. The con-
tributions made by scientists and engineers during World War II, culminating 
in the radar techniques and the release of atomic-nuclear energy, have been 
particularly effective in this regard. Such developments have served to persuade 
certain legislators and also some members of the scientific community that the 
Federal Government should subsidize research on a large scale, and with cer-
tain types of governmental organization and control, and with a measure of 
public ownership of the products or applications of such governmentally 
sponsored research. Some of the less obvious implications and perils of such a 
plan are described in the following guest editorial by a prominent American 
research worker and engineer, who is himself the editor of the Bell System 
Technical Journal. The subject matter of this editorial fully merits thoughtful 
analysis by the readers of the PROCEEDINGS.— The Editor 

The Engineer and Science Legislation 
ROBERT W. KING 

As the social repercussions of technology increase in number and grow in significance, the engineer may be expected 
to widen his outlook to encompass the full consequences of his handiwork. This augurs well for the continuing value 
of his social contributions, especially when regard is had to his experience in subjecting difficult and involved problems 

to co-operative attack. 
With this in mind no apology need introduce a reference to a particularly timely socioscientific problem. Some will 

recall the efforts made during the life of the seventy-ninth Congress to enact legislation that would have created a 
National Science Foundation. Although the efforts failed, the underlying question has lost nothing in importance, 
and discussion of it will shortly be resumed, perhaps on an extended scale. 
The essence of the problem is to assure the rapid advance of scientific knowledge and, as contributory to this, the 

training of an adequate number of American scientific workers. None is more concerned in its wise solution than the 
engineer, and I believe that the engineering profession should be prepared to urge wide recognition of this fact. In 
discharging his responsibility for adapting science to the national economy and enabling it to serve society, every 
extension of scientific knowledge assists; but the effectiveness of the engineer's efforts is also influenced by many eco-
nomic conditions, as a consequence of which he is vitally concerned with any political implications which attach to a 

Science Foundation. 
Now, anybody having a legislative origin and empowered to disburse funds wholly or chiefly from the national 

treasury will, almost of necessity, involve far-reaching and yet intangible political implications. For example, among 
many advocates of one or other of the recent bills proposing State-aid to science, the doctrine had already been born 
that inventions and patents growing out of the new knowledge acquired through federal appropriations automatically 
should become the property of the government. The line of reasoning leading to this conclusion is simple and direct,— 
what the State has paid for should belong to the State. Here, in a sense, is a doctrine the very antithesis of free enterprise; 
and what might in time be its effect, if given a legislative leverage to work upon, is too serious to be ignored. 
In a legislatively created Science Foundation there is also a standing inducement for the politician to meddle with 

science. While it is not possible to demonstrate and measure the amount of political tinkering that lies hidden in 
any particular enactment, we are living in an era of intellectual instability with a world tide running in the socialistic 
direction. Many countries already exhibit a union of science and government, while even in England (not to men-
tion the United States) there is increasing clamor that State planners map the programs of scientific research. 
Here, again, the supporting argument is simple and superficially attractive. No scientific statement is absolutely 

valid and therefore every proposition of science ultimately represents an arbitrary act of faith. Arbitrariness, or 
"judgment," also governs the directions that research shall take, and since society may have important stakes in the 
outcome (including matters of national defense), it is held questionable whether such decisions should be permitted 
private individuals. They increasingly should be reserved for the authorities legally constituted to guard the public 

weal. 
Should we in the United States come, commonly, to accept this argument, then a serious threat to the freedom of 

American science might well be in the making. 
The traditional American way of supporting science has been through private contributions—a method which 

we know from experience involves no danger of political infringement—but, without examination, many have as-
sumed that this way is henceforth closed. Surely, so radical a proposition should not be accepted witt out full discus-
sion. There is no prtmary source of funds for science other than private incomes. The recent bills would have established 
the federal-tax collector as an intermediary between those who earn and can supply the funds and the scientific bodies 
that would disburse them. And, because the mere act of collection would be simplified and stabilized by interposition 
of the tax collector, there were some who saw this as the main problem and were willing to overlook the attendant 
risks. But a simple analysis reveals incomes—corporate and personal—of such a total that, if given appropriate credit 
under the income-tax law for science donation, they would re-establish ample support. 
Engineers will serve both their profession and the cause of science if they will follow the forthcoming discussions, 

thinking through and clearly defining the issues therein involved. Whether energetic attempts are made in the next 
session of Congress to revive the vecent legislative program, or whether Congress will clearly be so economy-minded 
as to make an appeal to legislation unprofitable, leadership is wanted for the proposition that, under American institu-
tions, support of science can and should arise voluntarily as a manifestation of social enlightenment. 
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Considerations in the Design of Centimeter-
Wave Radar Receivers* 
STE WART E. MILLERL MEMBER, I.R.E. 

Summary—A review of the radar duplexer and receiver, as de-
veloped during the war, is presented. Attention is devoted to the 
principles of operation and typical circuit arrangements employed in 
the duplexer, the crystal converter, the local-oscillator injection cir-
cuits, the intermediate-frequency amplifier, and the automatic-tun-
ing unit. Emphasis is placed on methods found advantageous in the 
1-centimeter and 3-centimeter wavelength regions. The interrelation 
between the various receiver components in determining the over-all 
receiver noise figure is shown analytically, and typical performance 
numbers are given. 

INTRODUCTION 

THIS review of the centimeter-wave radar receiver 
will assume that the reader is familiar with the 
general principles of operation of a radar. 

DISCUSSION OF THE RECEIVER'S FUNCTION 

Fig. 1 shows, in block form, the major functions per-
formed in the radar receiver. For descriptive purposes, 
the magnetron will be chosen as a starting point. The 

AIR 

V ANTENNA 

-TRANSMISSION 
LINE 

A F C 
CONVERTER 

MAGNETRON 

IACROWAVE SEC/A:3N 

HAMPLITUDE 
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Fig. 1--Radar transmitter-receiver. 

TO 
INOKATOR 
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energy from the magnetron goes by way of several junc-
tion points and by way of a transmission line to the 
antenna. From the antenna, the transmitted pulse goes 
out into space, strikes the various targets, and the re-
flected energy returns to the same antenna, back over 
the same transmission line, to the junction points previ-
ously mentioned. It is desired, of course, that the re-
ceived signal be directed to its amplifying system 
(through the box marked TR) instead of back along the 

• Decimal classification: R537.13. Original manuscript received 
by the Institute, April 9, 1946; revised manuscript received, June 
20, 1946. Presented, joint American Institute of Electrical Engineers-
Institute of Radio Engineers lecture series on radar, New York, N. Y. 
December 7, 1945, and Newark, N. J., January 3, 1946. 
1' Bell Telephone Laboratories, Inc., New York, N. Y. 

path which the transmitter energy traversed on its 
way to the antenna. Note that a single antenna and 
transmission line is used for both the transmitted and 
received energy, each of which is contained in the same 
frequency band. This is made possible by two condi-
tions. The first condition is that transmission and recep-
tion do not occur simultaneously. Every transmitting 
interval of 1 microsecond is followed by a receiving 
interval of around 1000 microseconds. The second condi-
tion, making possible use of a common transmitting 
system, is that there is a tremendous difference in power 
levels between the transmitted and received signals. 
This makes it possible to use gaseous discharge tubes for 
switching. Suffice it to say for now that the major por-
tion of the transmitted signal does travel directly to the 
antenna, and the major portion of the received signal 
does return through the box marked TR to the signal 
converter. In the converter, the signal is mixed with 
some local-oscillator energy, and converted to an inter-
mediate frequency where it can be amplified with rela-
tive ease. The intermediate-frequency amplifier is fol-
lowed by an amplitude detector and video amplifier. In 
many respects the latter elements are quite conven-
tional. 

As yet there has been no mention of the elements of 
the loop in the lower section of Fig. 1. The function of 
this loop is to automatically tune the receiver so as to 
amplify the echoes with a maximum of sensitivity. The 
question may arise as to why a manual tuning adjust-
ment is not satisfactory. In some cases it is. In other 
cases the individual operating the radar does not have 
time, or is not sufficiently trained, to make it feasible for 
him to tune in the signal manually. In still other cases 
the frequency stability of the magnetron and local oscil-
lator is not sufficient to guarantee peak receiver sensi-
tivity for a reasonable period, even though a manual 
tuning adjustment is made. The reasons for frequency 
drifts will be given at a later point, but it may now be 
stated that the advantages of automatic receiver tuning 
have been attractive enough to outweigh the penalties 
in terms of cost, size, and weight of added equipment. 
The exact manner of accomplishing automatic receiver 
tuning varies considerably with the various types of 
local oscillators, and the details will be deferred to a 
later point. 

CENTIMETER-WAVE CIRCUITS 

Attention will now be directed in turn toward each 
of the components of the radar receiver. First, considera-
tion will be given to the centimeter-wave portion of the 
circuit. 
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Because of the distributed nature of circuits used in 
the centimeter-wave region, the transmission lines used 
to "interconnect" the various elements of the receiver 
are in fact part of the circuit. It is appropriate, there-
fore, to consider briefly the transmission line from the 
viewpoint of the circuit designer. The choice of coaxial 
lines or wave guides for centimeter-wave transmission 
is a balance between three factors: (1) loss, (2) power-
handling capability, and (3) physical convenience. Co-
axial lines are more flexible and more convenient in size 
than wave guides, and for these reasons coaxial lines 
may at times be used in place of wave guides despite 
poorer loss and power-handling characteristics. This dis-
cussion will be concerned with receivers designed for use 
in the 10,000- to 30,000-megacycle region, where wave-
guide transmission lines have been almost universally 
used. Receivers designed for 3000 megacycles and lower 
have usually employed coaxial transmission lines, be-
cause of the unreasonable bulk of wave guides at such 
frequencies and because the loss and power characteris-
tics of coaxial lines are tolerable below 3000 megacycles. 

DUPLEXER 

Previous discussions have identified the duplexer as a 
switching system which makes possible the use of a 
single transmission line and antenna for sending and 
receiving. The upper half of Fig. 2 shows the system 
which might be required if no duplexer were available. 

MAGNETRON 

a. 

Fig. 2—Transmitter-receiver systems without duplexer and 
with duplexer. 

The magnetron would be associated with one transmis-
sion line and antenna; the receiver would be associated 
with another transmission line and antenna. The motion 
of the two reflectors would have to be mechanically 
synchronized so the two electrical beams would always 
point in the same direction. It is quite apparent that 
such a system would be bulky and mechanically more 
complex than the system using a duplexer, as shown in 
the lower half of Fig. 2. In order to achieve this simpli-
fication of the mechanical structure, the electrical circuit 

is made more complex. The electrical complexity of the 
duplexer is justified by two significant radar system 
improvements: (1) the size and weight of an entire trans-
mission line and antenna are eliminated, and (2) the du-
plexer makes available to the armed services many types 
of systems which would prove impractical if it were 
necessary to synchronize two antenna beams in the com-
plicated scanning cycles employed. 
The principal elements of the duplexer are two 

switches, one which disconnects the receiver during the 
transmitting interval of time (marked TR in Fig. 2), 
and one which disconnects the transmitter during the 
receiving interval of time (marked ATR in Fig. 2). It 
is also required that these switches allow the trans-
mitted power to pass without appreciable loss to the 
antenna. Historically, the switch used to disconnect the 
receiver came first, and was named the TR for transmit-
receive. When the transmitter-disconnect switch ap-
peared, it proved to be electrically similar to the TR. 
Because of similarity to the TR electrically and physi-
cally, the transmitter-disconnect switch became known 
as the RT, the anti-TR, or simply the ATR. These terms, 
TR and ATR, are widely accepted and will be used in 
this article. 
In order to understand the operation of the duplexer, 

consider first the wave-guide circuit shown in Fig. 3. If 
power is sent in entry A as shown, approximately half 
of it will flow down each of the two remaining arms, B 
and C, provided that these branches are terminated in 
their characteristic impedances. If; however, a short-

Fig. 3—Shunt wave-guide tee. 

circuiting plane is placed in the B arm at the proper 
distance from the junction point, all of the power tend-
ing to enter line B will be reflected, and essentially all 
of the power entering at A can be made to flow straight 
through to C. Similarly, if the short-circuiting plane is 
placed in branch C at the proper distance from the junc-
tion, all of the power can be made to flow from A to B. 
This is the switching principle on which the radar du-
plexer operates. The short-circuiting planes referred to 
above are, in fact, virtual reflecting surfaces switched in 
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irt 

and out during the various parts of the transmit-receive 
cycle by gaseous discharge tubes. We will next consider 
one of these switches, the TR. 
The top sketch of Fig. 4 represents a resonant cavity 

of the type used in the TR box. The metal posts pro-
jecting from the ends of the metal cylinder form a 
capacitive reactance .across the cylinder and tune the 
structure to resonance. The electric vector has a large 
value directly across the gap, and this fact is used in 
forming the switch. The chamber within the resonator 
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Et sE 

CONVERTER 

Fig. 4—Duplexer details. 

is filled with a mixture of hydrogen and water vapor, 
which will ionize and form a gaseous discharge when the 
voltage vector across the gap exceeds a critical value. 
The presence or absence of this gaseous discharge makes 
it possible to carry out the receiver disconnect function. 
To do so the TR box may be placed in series with a 
wave-guide line and coupled to it by means of small 
holes, or irises, on each side of the resonant cavity, as 
shown in the second sketch of Fig. 4. If the cavity is 
tuned to resonance at the frequency to be used, and a 
small signal is sent into entry A, the signal will pass 
through the TR with only minor attenuation. The im-
pedance seen looking in at entry A with Zo terminating 
line B can be made Zo, the characteristic impedance of 
the line. 
If a much greater amount of power is sent in at A the 

gaseous discharge will form and place a very low im-
pedance across the cavity. The result is a very large 

reflection coefficient at that point, and very little of the 
power entering at A will reach B. 
The TR just described and the wave-guide tee of 

Fig. 4 are the principal building blocks of the duplexing 
system. The operation of the duplexer will now be de-
scribed with reference to the equivalent circuit shown 
in the lower half of Fig. 4. The various elements in this 
sketch may be identified as follows: The antenna is rep-
resented by the resistance load at the right; the magne-
tron is represented during the transmitting interval by 
an impedance ZT in series with a voltage source, and by 
a different passive impedance Z' during the receiving 
interval of time; the magnetron and antenna are 
joined by a transmission line, and their locations may be 
thought of as at points A and C of Fig. 3. 
Two branch lines are shown in Fig. 4, one for the re-

ceiver and one for the transmitter-disconnect switch, 
the ATR. The signal converter is shown as a resistance 
terminating the receiver branch, and the associated 
chain of elements is used to represent the TR box. The 
input and output irises of the TR resonant cavity have 
a transforming action, and are shown in the equivalent 
circuit as ideal transformers. The resonant cavity is 
shown as a parallel LRC combination. The possibility 
of forming a gaseous discharge across the gap is repre-
sented by the switch in series with a resistance, the lat-
ter being the resistance of the arc. 
Consider only the TR and converter line for a moment 

and assume that the TR cavity has been tuned to the 
frequency of operation. Then, a signal insufficient in 
magnitude to break down the gas across the TR gap 
will pass through the TR box and on to the converter 
with loss occasioned only by the resistive shunting 
across the high side of the ideal transformers. If, how-
ever, enough power is available in the TR box to break 
down the gas across the gap, a very low resistance is 
shunted across the high-impedancc side of the ideal 
transformer, which in turn presents a still lower resist-
ance across the input terminals to the receiving branch. 
This is the action which permits the transmitted power 
to pass by the receiving branch without appreciable at-
tenuation. 
Looking now at the ATR branch in Fig. 4, it may be 

seen that the form of this equivalent circuit is very simi-
lar to that of the TR branch. Indeed, a TR gas-discharge 
tube and cavity can be used as the transmitter-discon-
nect switch. The ATR branch is represented by input 
and output ideal transformers, with a resonant circuit 
and switching gap between them. The impedance Z at 
the output terminals of the ATR is not a match to the 
wave-guide line as it was in the case of the TR, and in 
order to see why this is desirable a few more observa-
tions about the functions of the TR and the ATR are 
in order. 
During the transmitting interval all the generator 

power should reach the antenna. This is accomplished 
for the ATR in the same way as described for the TR, 
namely, the low resistance of the gaseous-discharge arc 
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across the high-impedance side of the ideal transformers 
becomes a still lower resistance across the input termi-
nals to the ATR branch, causing negligible absorption 
of the power from the main line. During the receiving 
;nterv.d, the available antenna power should flow to the 
signal converter, at the bottom of the diagram. Hence, 

. it is desirable to present a wave-guide match at the 
i input terminals of the TR ,ide branch. Another ideal 
icondition is for the left-hand section of the diagram to 
i present a series short-circuit at the plane of the TR junc-
1 tion, %% hurt there already e‘ists a wave-guide match in 
the form of the transferred impedance of the converter. 

' This would produce the desired result of absorbing all 1 the power from the antenna in the signal converter line. 
Making the left-hand side of the diagram look like a 
short-circuit at the plane of the TR box has recently 
been accomplished by means of the ATR branch. 
If the impedance Z at the output terminals of the 

:VCR is chosen propculy. the small-signal impedance at 
the input to the ATR branch may be made very large. 
Having established this condition, the total series im-
pedance ZR at the plane of the ATR will be very high 

i regardless of the impedance in the remainder of the 
! transmission line to the left of the ATR. (This discussion 
ignores resonance of the ATR branch with the mag-
netron branch.) Ily placing the ATR branch an odd-
quarter wavelength from the TR plane, the series 
impedance of the magnetron-X[1( branch will be low 
at the TR junction and most of the received powet will 

flow into the receiver branch. 
For simplicity, this discussion has been based on using 

•a TR cavity and TR tube in the ATR position. This 
method of design has been used in order to meet rush 
wartime schedules, but a better design results if a spe-
cial ATR tube is used. The special tube makes possible 
elimination of the impedance element Z at the top of 
the ATR branch, and elimination of the need for tuning 
the resonant ATR cavity for transmitter frequency 
changes of +I per cent to +3 per cent. 
The discussion just completed has also been based on 

the series equivalent circuit shown in Fig. 4. It is also 
possible to arrange the branching lines so as to be effec-

tively in shunt with the magnetron-to-antenna line, or 
one branch may be in shunt and the other in series with 
the main line. These are circuit-design choices, but the 
over.all duplexer operation remains essentially un-
changed. 
It has been mentioned that the TR and ATR gas 

tubes are required to handle the transmitter power with-
out appreciable loss, and this requirement has not 
proved difficult. In a typical case the power lost in the 
gaseous discharge of a TR tube will be only a few per 

cent of the transmitter power. 
Other requirements on the TR tube, however, have 

not been met so easily. As discussed in the following 
section, a comparatively delicate silicon crystal is used 
as the frequency converter. Such a crystal may be im-
paired in its loss and noise characteristics if the power 

sent into it is not kept below the order of 100 milliwatts. 
It is, therefore, required that the power flowing into the 
converter during the transmitting interval be less than 
100 milliwatts when the pmer flowing down the main 
transmission line is of the order of 50 kilowatts. This 
means that more than a 60-decibel loss through the TR 
box is required during the transmit interval. A minimum 
of TR loss (about 1.25 decibels in practice) is obviously 
desirable during the receive interval. Obtaining the 
stated performance has required considerable effort, 
principally directed along the lines of reducing the TR 
cavity losses including those within the tube. 
In studying the TR leakage power it was found that, 

when the magnetron is turned on after a period of in-
activity, the leakage power soars to large values for a 
few pulses before settling down to its normal value. The 
reason for the initial large surges is thought to be a lack 
of ions present in the gas to facilitate the forming of the 
arc across the TR gdp. In order to relieve this "turn-on" 
effect, as it is called, two things have been done in the 
TR design: (I ) a small quantity of a radioactive salt 
has been placed within the TR tube to provide a few 
 ; and (2) an auxiliary electrode, known as the keep-
alive electrode, has been placed near the gap. In most 
systems a continuous direct-current bias is ma;ntained 

on this electrode to maintain a small current flow in the 
gas, and hence, to maintain a supply of ions for rapid 
formation of the arc when the transmitter is turned on. 
Fig. 5 shows the wave form of the magnetron output, 

and the wave form of the TR leakage during the corre-
sponding interval of time. The spike is caused by the 
finite time required for formation of the arc. The height 
of the spike has not been determined because of the ex-
tremely high frequencies contained in it. Its duration is 
thought to be of the order of 0.01 or 0.02 microsecond, 
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Fig. 5—Transmitter-receiver characteristics. 

regardless of the duration of the pulse, and the flat lasts 
for the duration of the magnetron pulse. The peak power 
in the spike is thought to be principally responsible for 
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burning out crystals when such burnout occurs as the 
result of TR leakage. 
The curve at the lower part of Fig. 5 illustrates the 

loss versus time characteristic of the TR box. After the 
magnetron pulse is ended, it is desirable that the re-
ceiver return to normal sensitivity in the shortest time 
possible, since the minimum range at which the radar 
will detect targets is determined by this recovery charac-
teristic. Hence, the ideal TR box would return to its 
normal or low-level loss condition in zero time at the end 
of the transmitted pulse. This is not possible, of course, 
because time is required for deionization of the gaseous 
discharge. As Fig. 5 indicates, the TR loss in a very 
good radar may be 6 decibels greater than normal at 2 
or 3 microseconds after the end of the transmitted 
pulse. As the TR tube ages, this recovery-time curve 
extends farther to the right, thus disabling the receiver 
for a longer time after the transmitted pulse. The TR 
recovery time is a major contributor to over-all receiver 
recovery, and is probably the most fundamental limita-
tion on the minimum range of the radar set as a whole.' 

CRYSTAL CONVERTER 

In starting the discussion of the converter circuit, it 
is pertinent to explain why the crystal is used in place 
of a vacuum-tube converter. Simply stated, the reason 
is that the crystal delivers superior performance. At fre-
quencies below 3000 megacycles, vacuum-tube con-
verters have been used with a definite advantage over 
the crystal in ruggedness. A vacuum tube can be sub-
jected to extreme overload conditions, occasionally, 
without permanent damage, whereas a crystal's per-
formance is more critically dependent on its entire his-
tory. It takes but one momentary overload beyond some 
permissible value, and the crystal is permanently dam-
aged. Because the crystal is a relatively delicate element, 
considerable care in design, equipment layout, and the 
providing of instruction material was required to make 
field use of crystals successful. To show that such effort 
was justified, one needs merely to point out that a job 
was done which could not have been done by any other 
means. Crystals have been made in quantity production 
with conversion losses of the order of 7 decibels, and 
excess noise increments of the order of 2 decibels, both 
at frequencies of the order of 30,000 megacycles. It will 
probably be some time before such performance is dupli-
cated or surpassed by vacuum-tube converters. 
In circuit use the crystal is employed as a diode type 

of converter. The signal and local-oscillator powers are 
fed in on a pair of microwave terminals, the rectifying 
action in the crystal produces the usual set of sum and 
difference frequencies, and the appropriate difference-
frequency energy is taken out at a pair of intermediate-
frequency terminals. 
Fig. 6 illustrates one method of feeding microwave 

' A. L. Samuel, J. W. Clark, and W. W. Mumford, "The gas-dis-
charge transmit-receive switch," Bell Sys. Tech. Jour., vol. 25, pp. 
48-101; January, 1946. 

power into the crystal and taking the intermediate-
frequency power out of it. First it is necessary to get 
both the signal and local-oscillator powers into one 
wave-guide line, and that process will be discussed as a 
separate item. Assume, for the present, that both of 
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Fig. 6—Convierter circuit. 

these powers are in one wave guide; then, it is necessary 
to match the radio-frequency crystal impedance to the 
wave guide. To accomplish this, a coaxial-to-wave guide 
transformer may be used, since at least one type of 
crystal (1N26) is mounted at the end of a coaxial line. 
The transformation may be accomplished by extending 
the center conductor of the coaxial line into the wave 
guide, parallel to the E vector, at approximately a 
quarter wavelength from a short-circuiting plane which 
ends the wave guide. The horizontal rod in Fig. 6 is 
perpenaicular to the E vector and does not appreciably 
affect the coaxial-to-wave-guide transformer. However, 
this rod does form a support for the end of the matching 
probe which is an extension of the crystal's center con-
ductor, and also provides a convenient means for bring-
ing out the intermediate-frequency power. 
The above discussion is a simplified picture of the 

crystal converter. The principal electrical characteris-
tics are: (1) conversion loss, (2) noise increment, and 
(3) intermediate-frequency impedance, the latter being 
a very important quantity in the intermediate-fre-
quency-amplifier design. The conversion loss is the ratio 
of the intermediate-frequency (converted signal) power, 
output of the crystal to the radio-frequency signal power 
input to the crystal; typical values run between 7 and 9 
decibels in the 3000- to 30,000-megacycle range. The 
noise increment is the ratio of the actual crystal noise 
output to thermal noise, and typical values run between 
1 decibel and 3 decibels. The intermediate-frequency 
impedance of the crystal is the impedance of the crystal 
as a source of intermediate-frequency signal for the in-
termediate-frequency amplifier which follows it. Typical 
values run between 200 and 500 ohms. 

LOCAL-OSCILLATOR INJECTION 

The last centimeter-wave circuit problem is that of 
placing the local-oscillator energy and the received-sig-
nal energy in a single wave guide, so that they both may 
be matched into the crystal converter simultaneously. 
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The requirements of this circuit problem may be listed 
as follows: (1) About 1 milliwatt of local-oscillator 
power is required at the crystal for optimum conversion 
efficiency. Most reflex oscillators, which are used to pro-
vide the local-oscillator energy, will generate more than 
20 milliwatts of power. (2) The local oscillator must 
operate into a satisfactory impedance, so that stable 
operation will result. Most reflex oscillators are designed 
to work into a matched wave guide or coaxial line. 
(3) Essentially all of the received-signal power available 
at the output of the TR should be matched into the 
converter. A loss of 0.5 decibel of signal energy into the 
source of local-oscillator power is considered excessive. 
Implied in the last requirement is that the local-oscil-

lator power must be combined with the signal power 
after the latter has left the TR. This is common practice 
because the bandwidth of the TR is insufficient to pass 
both the signal and local-oscillator frequencies with a 
maximum of efficiency. 
Fig. 7 illustrates a method of local-oscillator injection 

developed in the period preceding 1942. The output of 
the oscillator is brought out of the tube on a coaxial line 
at the end of which the center conductor extends beyond 
the outer conductor for a short distance, forming a small 

Fig. 7—Local-oscillator injection using probe coupling. 

antenna. The end of this antenna is projected into the 
wave guide parallel to the E vector, and located an odd 
quarter of a wavelength from the face of the TR, which 
is a low-impedance point at the local-oscillator fre-
quency. Energy leaving the antenna toward the left is 
reflected by the low impedance and combines with the 
energy leaving the antenna toward the right. In this 
way the required 1 milliwatt of power is directed from 
the local oscillator to the crystal. The third local-oscilla-
tor injection requirement listed above is also met; 
namely, that very little signal power should be lost in 
the radio-frequency branch leading to the local oscillator. 
However, the arrangement of Fig. 7 is not ideal. If 

the TR is not tuned properly, the impedance at the TR 
output iris may not he low and the net power flow from 
local oscillator to converter will be reduced. It is appar-
ent that, all other things being constant, tuning the TR 
will affect the magnitude of power flow from local oscil-
lator to converter, and that is not a desirable character-
istic. Moreover, the oscillator is very loosely coupled to 
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the load, since the tube will produce over 20 milliwatts 
of power and only a milliwatt is being extracted under 
the condition sketched. This loose coupling is a reactive 
mismatch to the oscillator's output coaxial line, and it is 
possible for the tube to see a particular type of imped-
ance mismatch which would take it over into an unstable 
operating region. This possibility can be avoided in a 
number of ways. The reason for the second local oscilla-
tor in Fig. 7 will be given at a later point. 
Fig. 8 illustrates a method of coupling the local oscil-

lator to the converter using a directional coupler. The 
local oscillator is tightly coupled to the side wave guide, 
so as to deliver all of its 20 milliwatts. This allows the 
oscillator to operate into a well-matched line, because 
most of the 20 milliwatts is absorbed in a termination 
at the end of the side wave guide. Two or more coupling 
irises allow power to pass from the local-oscillator line 
to the TR-converter line, as indicated by the solid arrows 
of Fig. 8. In this way the required 1 milliwatt is di-
rected to the converter. One advantage of this circuit is 
that the tuning of the TR does not affect the transfer of 
power from the local oscillator to the converter. This is 
true (to a first approximation) because the directive 
feature of the coupling irises prevents local-oscillator 
power from traveling in the direction shown by the 
dotted arrow of Fig. 8. 
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Fig. 8—Local-oscillator injection using the directional coupler. 

A recently developed method of feeding the local. 
oscillator signal to the converter makes use of the E—H 
tee, shown in Fig. 9. Assume that crystal converters are 
used to terminate branches B and C, that signals from 
the TR box are directed into entry A, and that local-
oscillator power is directed into entry D. If all branches 
are terminated to match the wave-guide impedance, the 
signal power Pfi and the local-oscillator power PLO will 
divide as shown in Fig. 9. The local-oscillator power will 
not flow down the signal-entry line A, and the signal 
power will not flow down the local-oscillator line D. 
Thus, TR tuning does not directly affect the transfer of 
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local-oscillator power to the converter, and very little 
signal energy is lost in the local-oscillator mixing 
method. These advantages alone are important. In 
addition, no local-oscillator power is lost in the process 
of coupling to the converter. If 1 milliwatt is required 
in each converter, 2 milliwatts of local-oscillator power 
at entry D will provide it. The other injection methods 
previously examined effectively wasted oscillator power 
in exchange for isolation from the signal path, i.e., to 
prevent signals from being lost in the local-oscillator 
branch. 

PLO 
2/  A PLIQ 

Fig. 9—E-H tee. 

Of course, the signal power in the latter case is con-
tained in the outputs of two crystal converters, one at B 
and one at C. It is necessary, therefore, to use a bal-
anced intermediate-frequency input circuit to add the 
two components and recover the entire signal in an un-
balanced path. Aside from requiring care in its design, 
the balanced intermediate-frequency input circuit has 
not been found to be a severe problem. Another charac-
teristic of this method of local-oscillator feed is highly 
significant, but its discussion will be deferred to the sec-
tion on noise figure. 

NOISE FIGURES 

This discussion of noise in the radar receiver will re-
quire an understanding of noise figure, as defined by 
H. T. Friis.2 There are three principal sources of noise in 
the radar receiver, intermediate-frequency-tube noise, 
crystal-converter noise, and local-oscillator noise. Inter-
mediate-frequency tube noise will be covered at a later 
point. Very little is known about the reasons for crystal 
noise, and no attempt will be made here to explain it. 
However, a word might be said about local-oscillator 
noise. 
Fig. 10 shows the spectral distribution of the power 

at the crystal converter. There is a continuous band of 
thermal and converter noise represented by the hori-

2 H. T. Friis, "Noise figures of radio receivers," PROC. I.R.E., vol. 
32, pp. 419-422; July, 1944. 

zontal dotted line, a vertical line representing the local-
oscillator carrier, and an additional hump of noise gen-
erated in the local oscillator. The height and width of 
the local-oscillator noise hump are functions of the elec-
tronic design of the tube and the Q of the radio-fre-
quency circuit. Because of limitations on the local-oscil-
lator design, noise from the local oscillator is accepted 
as an existing thing, and thought is given to methods of 
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Fig. 10-- Spectrum of power at converter. 

working around it. One method of eliminating the local-
oscillator noise involves the choice of intermediate 
frequency, and may be understood from an examination 
of Fig. 10. The receiver noise output due to local-oscil-
lator noise is the result of beating the local-oscillator 
carrier against some of the sideband noise components 
from the local oscillator. The oscillator noise components 
involved in this process are removed from the carrier by 
the intermediate frequency, as shown by the vertical 
lines. At frequencies farther from the local-oscillator 
carrier, the oscillator-noise sidebands become smaller, 
and hence using a higher intermediate frequency in the 
receiver reduces its susceptibility to the noise of a given 
local oscillator. This cannot be cacried on indefinitely, 
however, for the noise figure of the intermediate-fre-
quency amplifier becomes poorer as the intermediate 
frequency is increased. It is necessary to strike a balance 
between the reduced local-oscillator noise effect and the 
increased intermediate-frequency noise effect. 
A more modern method is to use the balanced con-

verter for local-oscillator noise elimination. An explana-
tion of how the balanced converter circuit reduces local-
oscillator noise will be made with reference to Fig. 9. 
Consider the transmission of local-oscillator noise and 
carrier from entry D to two crystals at points B and C. 
Because these two signals travel along the same path 
relative to each other all the way to either B or C, the 
intermediate-frequency outputs of the two crystals will 
have the same phase angle. This is true because the in-
termediate-frequency phase depends only on the rela-
tive phase of the two radio-frequency signals reaching a 
given crystal. Assume for the moment that the losses 
of the two crystals are equal. Then the intermediate-
frequency output of each of the two crystals is equal in 
magnitude and phase angle. If a phase reversal (through 
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inductive coupling) is included on the output of one of 
the crystals in the balanced intermediate-frequency 
input circuit which follows the converters, the inter-
mediate-frequency output signals of the two crystals 
may be made to cancel each other. Thus, for carrier and 
noise originating at the local oscillator the intermediate-
frequency output can be balanced to zero. 
Consider now the transmission of a signal from the 

TR entering the E—H tee at A, and the carrier from the 
local oscillator entering at D. The transmission of the 
signal will result in the same radio-frequency polarity 
at the two crystals at any one moment; the transmission 
of the local-oscillator carrier will result in the opposite 
radio-frequency polarity at the two crystals (relative to 
each other), due to a phase reversal in the E—H tee 
junction. Therefore, the intermediate-frequency outputs 
of the two crystals will be 180 degrees out of phase, and 
the action of the balanced intermediate-frequency cir-
cuit (including a phase reversal for one of the crzstals) 
yields an adding of the signal components. 
To repeat now, two signals of the proper frequency to 

produce intermediate frequency entering the same line 
of the E —II tee can be made to cancel out in the inter-
mediate-frequency circuit which follows, whereas if one 
of the signals enters one line and the other signal enters 
the other line of the E — II tee, the intermediate-fre-
quency signals will add. This is a very important charac-
teristic of the balanced converter, for it permits balanc-
ing out local-oscillator noise which., under certain 
conditions, can materially degrade the sensitivity of 

the radar receiver. 
•  Attention will now be directed toward the mechanism 
by which the various noise-figure contributors add to 
determine the over-all receiver noise figure. As shown 
at the top of Fig. 11 the contributors to the receiver 
noise figure are the intermediate-frequency amplifier, 
the converter, the local oscillator, the duplexer. and the 
transmission line (if the latter has measurable loss). 
Before deriving the relation between these various fac-
tors, it is appropriate to emphasize the importance of 
the decibels which describe the performance of these 
elements. Given a radar which is just capable of detect-
ing a target at 100 miles, then by improving the receiver 
noise figure by 3.2 decibels it will be possible to detect 
the same target at 120 miles. Thus, the performance of 
the elements shown in the top of Fig. 11 is described by 
significant decibels, for their performance is significant 
in determining radar performance. To take another 
example, a decibel of added duplexer loss cannot be 
compensated for by an added decibel of intermediate-
frequency gain, for the latter does not (in general) im-
prove the receiver noise figure. 
In building up an expression for receiver noise figure 

repeated use is made of the formula for the noise figure 
of two networks in tandem, as given by Friis. For ex-
ample, NFI is defined in the first line of Fig. 11 as the 
noise figure of the intermediate-frequency-am plifier-
converter combination. Repeated application of this 

idea leads to (5) of Fig. 11 for the noise figure of the en-
tire radar receiver. The duplexer and transmission line 
usually have no extraneous noise sources in them, and 
the final expression has been simplified accordingly. All 
of the symbols of Fig. 11 refer to power numerics. 
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Fig. 11—Receiver noise-figure derivation. 

Typical noise figures of the elements of the radar re-
ceiver are tabulated in Table I. Using a crystal loss of 
7.25 decibels, a crystal output-noise ratio of 2.3 decibels, 
and an intermediate-frequency noise figure of 5.0 deci-
bels (based on a 10-megacycle bandwidth centered on 
60 megacycles), there results a noise figure for the com-
bination of 13.1 decibels. The local-oscillator noise, not 
balanced out by the balanced detector, increases the 
noise figure to 13.4 decibels under the conditions listed. 
(If a single crystal mixer had been assumed, local-
oscillator noise would have brought NT.' up to about 

TABLE I 
TYPICAL NOISE FIGURES FOR 

CONVERTER—INTERMEDIATE-FREQUENCY COMBINATION 

Decibels  Times 

Crystal loss  7.25 
Crystal noise 2.3 
Interme diate-frequency noise figure  5.0 

(5 = In megacycles) 
(.1, =60 megacycles) 

NP, =.5.3(1.7 +3.16 —I) =20.5 times or 13.1 decibels. 

5.3 
1.7 
3.16 

N178.0. =14 decibels or 25 times 
Reduced by balanced detector to 
NF/3.0. =4 decibels or 2.5 times 

NP, =(2.5 +20.5 —I) —22 times or 13.4 decibels 
Duplexer loss ••1.8 decibels 

Noise figure  13.4 +I .8  15.2 decibels or 33 times. 

16 decibels.) Adding in 1.8 decibels of duplexer loss 
brings the over-all noise figure up to 15.2 decibels. This 
noise figure by no means represents the best receiver 
that has been built, but taking a mean of the various 
components used at the various radar operating fre-
quencies, would come out quite close to the numbers 
given. (Local-oscillator noise is as serious as shown in 
Table I only at frequencies of the order of 30,000 

megacycles.) 
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INTERMEDIATE-FREQUENCY AMPLIFIER 

There remain to be discussed two more principal ele-
ments of the radar receiver, the intermediate-frequency 
amplifier and the automatic-frequency-control circuit. 
Both of these units use tubes and general design princi-
ples which are not unlike those employed before the war. 
Consequently, decidedly less emphasis is being given to 
this material, compared to the emphasis given to the 
centimeter-wave elements. 
The function of the intermediate-frequency amplifier 

is to amplify the output of the crystal to such a level 
that a video amplifier can carry the remainder of the 
amplification job without running into microphonics. 
The output of the crystal is as small as 5 to 10 micro-
volts, and the desired second-detector output is usually 
0.5 to 1.0 volt. The resultant over-all gain requirement is 
about 100 decibels from the grid of the first intermedi-
ate-frequency amplifier to the output of the second de-
tector, and in addition it is necessary to have reserve 
gain for the aging of tubes. The intermediate-frequency 
bandwidth must be adequate to pass the pulse width 
used in the particular radar, with margin for frequency 
drifts in the transmitter and receiver. A typical inter-
mediate-frequency bandwidth might be taken as 2 to 
4 megacycles for pulse widths of 1 to  microsecond. In 
order to meet its bandwidth and gain requirements, a 
typical intermediate-frequency amplifier will employ 
from 5 to 10 stages of straight amplification. 
Choice of the intermediate frequency itself is an inter-

esting problem involving many factors. Other aspects of 
the intermediate-frequency-amplifier design problem in-
clude (1) choice of an interstage network, (2) choice of 
gain-control method, and (3) design of the intermed-
iate-frequency input circuit for optimum noise figure. 
These topics are discussed at length in another paper,* 
and will not be taken up here. 

AUTOMATIC-FREQUENCY-CONTROL UNIT 

The last major element in the radar receiver is the 
AFC, or automatic-frequency-control unit. It is the 
function of the automatic frequency control to maintain 
the frequency of the signal at the output of the converter 
in the center of the intermediate-frequency pass band, 
the tuning condition for best reception of weak signals. 
Frequency drifts in either the magnetron or local oscilla-
tor will tend to cause the converted signal to drift out 
of the intermediate-frequency pass band. Hence, the 
automatic-frequency-control system will, in general, 
perform two functions: (1) it will stabilize the local 
oscillator against any tendency toward frequency drifts 
within itself; and (2) it will introduce a local-oscillator-
frequency change of the same magnitude and direction 
as any frequency change in the magnetron output. 

3 Andrew L. Hopper and Stewart E. Miller, "Considerations in 
the design of a radar intermediate-frequency amplifier," to be pub-
lished in the PROCEEDINGS OF THE I.R.E. 

Let us consider the nature of the frequency changes 
the automatic frequency control has to overcome. The 
frequency changes which the local oscillator tends to 
make may be either slow or fast. A typical thermal co-
efficient of local-oscillator frequency may be taken as 
as 0.25 megacycle per degree centigrade, and over the 
service temperature range of —55 to +55 degrees 
centigrade this drift would amount to about 27 mega-
cycles. Fluctuations in power-supply voltages might 
cause variations of around 3 megacycles per 1 per cent 
voltage change on the reflector, and perhaps half of that 
for variations in anode voltage. 
Frequency changes on the part of the magnetron 

may also be either slow or fast. The thermal effect may 
be of the order of 0.1 or 0.2 megacycle per degree 
centigrade, and over the service range this might 
amount to 10 or 20 megacycles. In addition, the fre-
quency of the magnetron depends upon the radio-fre-
quency load impedance presented to the tube, since the 
magrittron is inherently a self-excited oscillator. The 
magnetron frequency change accompanying a load re-
flection coefficient of 0.2, changed through all possible 
phase angles, is of the order of 10 or 15 megacycles. The 
way such a frequency change will turn up in the radar 
system operation depends on how the antenna im-
pedance changes in the various parts of the antenna 
scanning cycle. In some systems, the antenna im-
pedance changes very rapidly, causing correspondingly 
rapid changes in magnetron frequency. This presents a 
very difficult problem for the automatic frequency con-
trol. In the ordinary search radar, where the antenna 
may revolve at 20 revolutions per minute, the mag-
netron frequency changes usually will be quite slow, 
and the automatic frequency control will have little 
difficulty in following. 
In short, it may be said that a minimum of 40 mega-

cycles total automatic-frequency-control range is de-
sirable. When it is recalled that dile bandwidth of the 
receiver is 2 to 4 megacycles, this 40 megacycles looks 
very large. The speed with which such frequency cor-
rections are required depends on the particular radar 
system, and may range from a fraction of a mega--
cycle, per second, to about 1000 megacycles, per sec-
ond. 

The signal used by the automatic frequency control 
as an input is a small portion of the magnetron output. 
The received echoes are not reliable sources of auto-
matic-frequency-control signal, and are not used. The 
nature of the magnetron output pulse, and therefore 
of the automatic-frequency-control input pulse, is 
another factor which varies widely depending on the 
particular system design. The pulse width may run 
from i to 5 microseconds, and the pulse-repetition fre-
quency may run from 250 to over 5000 pulses per second. 
In practice, this wide range of input signals requires 
that the circuit constants of the automatic frequency 
control be chosen for the particular system in question. 
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No one design is considered satisfactory for all the input 
signal conditions mentioned, although it is not uncom-
mon for an automatic frequency control to be required 
to operate on a pulse-width range of 4 to 1 and a pulse-
rate range of 3 to 1. 
Two circuit arrangements for obtaining the auto-

matic-frequency-control input signal are shown in Fig. 
12. One path for the automatic-frequency-control input 
signal is shown by the dotted lines on the left half of 
the sketch. A portion of the magnetron output is taken 
directly from the line leading to the antenna, through a 
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Fig. 12 —Automatic-frequency-control signal sources. 

linear loss of about 65 decibels. More loss may be 
located in the line leading to the converter, where the 
signal is mixed with a portion of the output from the 
same local oscillator which feeds the signal converter 
on the right-hand side of this sketch. A separate inter-
mediate-frequency amplifier then amplifies the auto-
• matic-frequency-control converter output. 
An alternate way of deriving the automatic-fre-

quency-control input signal is to take a portion of the 
intermediate-frequency output from the signal channel 
directly after the preamplifier. 
The difference between these two signals may be 

seen in the wave forms sketched at the lower portion 
of Fig. 12. The dotted circuit is designed for operation 
only during the transmitting interval; hence, that cir-
cuit may be arranged so that the separate automatic-
frequency-control crystal converter is operating at the 
best signal level during the transmitted pulse. Under 
these conditions, it is possible to have the converter 
output essentially ideal. That is, when the local oscil-
lator is tuned to the correct frequency to produce a 
signal in the intermediate-frequency pass band, the 
converter will have an output signal which is an ac-
curate reproduction of the magnetron output. When 
the local oscillator is turned off or tuned to a frequency 
far removed from the correct one, no detectable con-
verter output will be present in the band of frequencies 
passed by the intermediate-frequency amplifier. This 
is shown by the straight line representing no inter-
mediate-frequency output with the local oscillator off. 
In the signal channel, however, the conversion cir-

cuit is designed for best reception of weak echoes. The 

level of the magnetron signal is determined by the 
leakage from the TR box, and is far too great for 
optimum conversion in the crystal converter. The 
signal crystal is decidedly overloaded during the trans-
mitted pulse. Furthermore, the output of the TR box 
contains a spike of energy which, as mentioned pre-
viously, is caused by the finite time required for the 
gap in the TR tube to break down. Hence, in this path, 
even with the local oscillator turned off, there is enough 
high-frequency energy in the wave front of the pulse 
reaching the signal crystal so that simple rectification 
of that envelope produces appreciable energy at the 
crystal output in the band of frequencies passed by 
the intermediate-frequency amplifier. This is repre-
sented by the sketch on the lower right. Such energy is 
the result of simple rectification of the TR leakage, and 
is not involved with a conversion process. (Therefore, 
the magnitude will be less at an intermediate frequency 
of 60 megacycles than at an intermediate frequency of 
30 megacycles.) It is apparent that the energy repre-
sented here tells the automatic-frequency-control cir-
cuit nothing about the correctness of local-oscillator 
tuning. Therefore, it should be eliminated by a blank-
ing process in the intermediate-frequency preamplifier. 
A comparison between the two methods of getting an 

automatic-frequency-control input signal shows that 
the separate converter method requires more equip-
ment but provides a clean signal directly. The single 
converter system is simpler, but necessitates blanking 
out a portion of the converter output in order to pro-
vide the automatic frequency control with a clean signal. 
Both methods have been found satisfactory in pro-

duction. 
The remainder of the automatic-frequency-control 

circuit is concerned with • converting the automatic-
frequency-control output voltage into a local-oscillator 
frequency change. After a brief examination of the local 
oscillator's characteristics which are suitable for apply-
ing frequency changes, it will be apparent what kind of 
voltage the automatic frequency control must provide 
in order to complete the loop. 
Referring to Fig. 13, the left-hand portion of the top 

sketch shows, schematically, a reflex klystron of the 
type commonly used as a local oscillator. It is char-
acteristic of such tubes that the frequency of oscillation 
depends on the direct-current reflector voltage. The 
nature of this frequency variation is shown at the right. 
Over a 40-megacycle interval the frequency will vary 
more or less linearly with applied voltage change at 
about 2 megacycles per volt, in a typical case. Thus, if 
the center of this range is chosen as the mean operating 
point, frequency corrections may be made by providing 
the local-oscillator reflector with a direct-current voltage 
incrementally above or below the mean value, de-
pending on the desired polarity of frequency correction. 
The bottom half of Fig. 13 shows another means of 

changing the local-oscillator frequency—in this case a 
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means involving thermal changes. The spacing between 
the grids at the gap of the reflex oscillator tunes the 
resonant cavity and, therefore, determines the fre-
quency of oscillation. The manner of controlling the 
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Fig. 13—Local-oscillator frequency control. 

local-oscillator frequency may be traced as follows: 
The grid-to-cathode voltage Eg controls the electron 
stream between the cathode and anode of an auxiliary 
triode. The anode of this triode is a strut whose length 
is a function of its temperature, which in turn is a 
function of the triode current flow. Because the strut 
is anchored at one end, its change in length causes the 
klystron gap capacitance to change, in turn resulting in 
a change of frequency of oscillation. (Tubes manu-
factured using this general idea employed a different 
strut mechanism than the one described.) A sketch of the 
frequency versus grid-voltage curve is shown at the 
right. Large changes of frequency may be obtained in 
this way, at a rate of about 100 megacycles per volt. 
One significant difference between the two methods of 

changing local-oscillator frequency should be pointed 
out. The direct-current voltage on the reflector, as 
shown at the top of Fig. 13, acts directly on the elec-
tron stream in the oscillator. Thus, for an assumed dis-
continuous change in reflector voltage, there will result 
an almost discontinuous change in oscillator frequency; 
saying this another way, there will be essentially zero 
lag between the reflector voltage and the oscillator fre-
quency, so the reflector voltage at any instant may be 
taken as an indication of the frequency. In the auxiliary 
triode method of controlling frequency, shown in the 
lower half of Fig. 13, a discontinuous change in the 
voltage E will not result in a discontinuous change of 
frequency because of the thermal time constant in the 
strut mechanism. The frequency of operation of this 
tube depends not on the instantaneous value of E but 
rather on the integrated value of the triode current flow 
for some interval of time preceding. 
Knowing how the automatic-frequency-control input 

signal is derived, and the kind of voltage required at the 
local oscillator to make the frequency correction, the 
circuit which goes between is rather straightforward. 
The upper half of Fig. 14 shows a circuit for use 

with reflector automatic frequency control. The inter-
mediate-frequency pulses from the automatic-frequency-
control intermediate-frequency amplifier are passed 
through a discriminator detector, whose output may be 
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Fig. 14— Automatic-frequency-control circuits. 

a positive or negative pulse depending on whether the 
input pulse's carrier frequency is above or below 

the crossover frequency of the discriminator. The 
crossover frequency, or lock point of the automatic 
frequency control, is set to coincide with the center of 
the signal intermediate-frequency pass band. The posi-
tive or negative discriminator output pulses are inte-
grated and applied to the reflector of the local oscillator 
as a direct-current voltage. Previous discussion has 
indicated how the reflector voltage changes the local-
oscillator frequency, which in turn changes the carrier 
frequency of the intermediate-frequency pulses used as 
automatic-frequency-control input. Aside from integra-
tion of the pulses, this circuit is similar to the auto-
matic tuning circuits of low-frequency receivers. 
The sketch on the lower half of Fig. 14 shows a cir-

cuit used in conjunction with a local oscillator having 
a thermal tuning mechanism in the form of an auxiliary 
triode (lower half of Fig. 13). The first portion of the 
circuit is again a discriminator detector which produces 
output pulses of positive or negative polarity, depending 
on the direction of tuning error. These pulses are 
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Fig. 15—Automatic-frequency-control operation. 

amplified and used to place a direct-coupled multivi-
brator in one stable condition if the pulses are positive, 
or into another stable condition if the pulses are nega-
tive. If a train of positive pulses is presented as an 
input to the multivibrator, the first one positions the 
multivibrator with one tube conducting, and nothing 
further will happen until a negative pulse arrives at 
the multivibrator input. The first negative pulse turns 
the multivibrator over, and succeeding negative pulses 
have no further effect. The resulting operation may 
be described in conjunction with Fig. 15. 

5 n 11 

The chain of events sketched in Fig. 15 starts with 
the condition that the intermediate-frequency signal is 

below the desired lock frequency. This produces a 
positive discriminator output, which in turn positions 
the multivibrator in the positive output position. A 
long time constant prevents decay of the automatic-
frequency-control output voltage in the time interval 
under consideration. Hence, a flat-topped wave is im-
pressed on the auxiliary triode grid in the thermally 
tuned local oscillator. This drives the oscillator fre-
quency upward at a rate determined by the time con-
stant of the thermal elements in the oscillator tuning 
section. When the intermediate frequency has become 
greater than the desired frequency by an amount suffi-
cient to produce a measurable negative discriminator 
output, the discriminator pulse will reverse the posi-
tion of the multivibrator. This will drive the local-oscil-
lator frequency downward, and the process will repeat 
itself. The type of automatic frequency control just 
described is always hunting for the correct tune point, 
and although this condition might seem undesirable, 
the arrangement has been successful in practice. The 
frequency range over which the hunting takes place 
can be maintained less than ± 1 megacycle, which is 
seldom very serious. 
In conclusion, a brief comment may be made on the 

circuits following the intermediate-frequency amplifier, 
and preceding the indicator. These circuits, the second 
detector and video amplifiers, are conventional and 
follow television practice except for details. Conse-
quently, no discussion of that portion of the receiver is 
required here. 

Attenuation of 1.2 5-Centimeter 
Radiation Through Rain* 

LLOYD J. ANDERSONt, JOHN P. DAYt, CLEMENS H. FRERESt, ASSOCIATE, I.R.E., AND 
ALFRED P. D. STOKESt 

Summary—The attenuation of 1.25-centimeter radiation by rain 
was determined experimentally. The experimental setup consisted 
of an optical path of 6400 feet with nine equally spaced rain gauges. 
The techniques used made it possible to utilize both uniform and 
nonuniform rainfall rates. Drop-size measurements were also made 
but no conclusions could be drawn because of the wide scatter in 
the drop-size distributions obtained. If the maximum distance over 
which communication can normally be established is 100 miles, 
light to moderate rain will reduce the range to about 10 miles. The 
radiated power must be increased by 1020 in order to re-establish 
communication over the 100-mile path. 

I. INTRODUCTION 

SEVERAL attempts have been made to measure the 
attenuation of 1.25-centimeter radiation by rain. 
Each has been characterized by insufficient rainfall 

• Decimal classification: R247XRI13.501. Original manuscript 
received by the Institute, July 26, 1946; revised manuscript received, 
October 9, 1946. 
t United States Navy Electronics Laboratory, San Diego 52, 

California. 

data to take into account the fluctuations in rainfall 
intensity which occur in both time and space. These 
fluctuations are particularly evident in high-intensity 
rainfall, and necessitate closely spaced rain gauges along 
the attenuation path and an accurate system for time 
correlation of all the gauges with the attenuation data. 
In this experiment, nine rain gauges were used over a 

path of 6400 feet. Readings were taken over 30-second 
intervals, and time correlations to ± 2 seconds were ob-
tained by a field telephone network. 
It was apparent that the attenuation measurements 

should be made in an area of maximum precipitation. 
Furthermore, the experiment demanded periods of vary-
ing rates of rainfall with frequent "clearing" for cali-
bration purposes. Tropical, orographic rain seemed to 
offer the greatest probability of fulfilling these condi-
tions. 
A site near Hilo, Hawaii, satisfied these requirements, 

having a yearly fall in excess of 250 inches. The path 
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was located on a lava flow, parallel to the mean trade-
wind vector; i.e., due east-west. The lava was covered 
with saw grass and low brush. The terrain had a gentle 
slope from the receiver at 2500 feet mean sea level to the 
transmitter at 2800 feet mean sea level. 
Orographic lifting of the unstable, moist, tropical air 

caused frequent two- to three-day periods of precipita-
tion having a wide iange in intensity. On one occasion 
intensities as high as 125 millimeters per hour were ob-
served. The light winds associated with orographic 
precipitation allowed an essentially vertical trajectory 
of the rain drops. Therefore, representative sampling of 
the rain falling through the propagation path was ac-
complished by placing the gauges directly in line be-
tween the transmitter and the receiver. 

II. RAINFALL-INTENSITY EQUIPMENT 

Two methods of determining the rate of precipitation 
were employed. Five Friez tipping-bucket automatic-
recording rain gauges were evenly distributed along the 
path. Their impulses were recorded on a single Esterline-
Angus five-pen recorder at the receiver station. In 
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Fig. 1—Layout of experimental path and apparatus. 

addition, four 'rain shelters employing the "funnel-and. 
graduate" technique were installed between the auto-
matic gauges, as shown in Fig. 1. Although the rainfall 
intensity varied widely both with time and in space, as 
in the two runs shown in Fig. 2, well-co-ordinated meas-
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Fig. 2—Rainfall-intensity variation. 

uring techniques having sufficient coverage detected 
periods when the rate of fall along the path was uni-
form. Since such periods of uniformity seldom lasted 
longer than sixty seconds, precise control and timing 
were vital. Accordingly, the rain shelters were provided 
with field phones for conveying instructions and signals 
for taking simultaneous graduate readings and for ex-
posing drop-size blotters. During operations, signals for 

graduate readings were given every thirty seconds and 
blotters were exposed on an average of every five 
minutes. 

1 1 I. DROP-SIZE EQUIPMENT 

The size of the rain drops was measured by the blotter 
method. Ordinary office blotters of 38 square inches area 
were lightly dusted with powdered potassium perman-
ganate and exposed to the rain for a long enough time 
to collect about 100 drops. Upon contact with the blot-
ter, each drop dissolved a small amount of permanga-
nate and made a purple spot whose diameter was a 
function of the volume of the drop. It was found that 
the spot size increased for the first few minutes after 
contact, but that a maximum diameter was reached 
within five minutes. After a few minutes the permanga-
nate was reduced to mangarIese dioxide, leaving a per-
manent brown spot of characteristic size. 
Calibration was made by putting various-sized drops 

on small pieces of the blotter paper. The paper was 
weighed before and after the drops were added. With the 
measured difference in the weight, drop diameters were 
then calculated on the assumption of spherical drops. 
Another set of so-called "splatter" points was ob-

tained by bombardin,1 the blotters from a height of 
12 feet with a set of calibrated droppers. From this 
height even the 4-millimeter drops were calculated to 
have reached terminal velocity, and hence this curve 
was representative of field conditions. The calibration 
points by both methods lay on two smooth curves with 
an average deviation of +0.05 millimeter, and hence 
considerable confidence was felt in the drop sizes meas-
ured in the field. 

IV. RADIO EQUIPMENT 

The simple equipment used for the attenuation meas-
urements is shown in Fig. 3. After,an initial warm-up 
period, it required little attention. Satisfactory measure-
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Fig. 3—Block diagram of attenuation-measurement apparatus. 

ments required a comprehensive check of the "clear-
weather" values before and after any one rainfall. 
The transmitter was housed in a small elevated shack. 

The antenna and guide were protected from the rain by 
a back-sloping shutter flap. 

A klystron tube, modulated at 800 cycles, was used 
as the transmitter. The peak power output was approxi-
mately 50 milliwatts. Wave-guide feed was employed on 
a 24-inch paraboloid antenna (beam  width 1.7  degrees). 
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A thermistor with a directional coupler was used as a 

power monitor. 
A 24-inch paraboloid fed the receiver, which consisted 

of a superheterodyne with a klystron local oscillator 
driving a 30-megacycle intermediate-frequency ampli-
fier with 6-megacycle bandwidth. The second-detector 
output fed an audio amplifier and recorder. 
A klystron signal generator with two flap attenuators 

was used to calibrate the receiver. Fixed pads were used 
on either side of the flap attenuators to provide a flat 
line. The characteristics of the flap attenuators were 
checked every few hours with a thermistor. Each flap 
was calibrated and used over a 12-decibel range. Ability 
to duplicate setting was approximately ±0.2 decibel. 
A small nozzle was used to direct the output of the sig-
nal generator upon the receiving paraboloid. Calibra-
tions were made before, during, and after rainfalls, and 
were within +1.0 decibel over the five- to six-hour 

measuring periods. 

V. ANALYSIS: ATTENUATION DATA 

The primary attenuation data shown by the solid dots 
of Fig. 4 are for periods when the rainfall at all nine 
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Fig. 4—Attenuation curve of 1.25-centimeter radiation in rain. 
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four sections, as shown. Three sections cover the portions 
of the path where the intensity was below 45 millimeters 

stations was essentially uniform. Six such periods of uni-
form fall along the path were selected, covering the im-
portant range of 0 to 41 millimeters per hour. 
Fig. 5 is a rainfall-intensity profile of the highest uni-

form fall recorded. By Humphrey's Classification of 
Rain,1 the intensities covered by the primary curve are 
more than adequate for normal rates of precipitation 
encountered in nature. 
Using the primary attenuation curve, it was possible 

to extend the curve for extremely high rates of fall 
(cloudbursts) in the following manner: Fig. 6 is a rain-
intensity profile for an interval of nonuniform rainfall 
distribution. The area under the curve was divided into 

W. J. Humphrey, "Physics of the Air," McGraw-Hill Book 
Co., New York, N. Y., 1940. 1 millimeter per hour: light rain; 
4 millimeters per hour: moderate rain; 15 millimeters per hour: 
heavy rain; 48 millimeters per hour: excessive rain. 
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Fig. 5—Intensity profile during nonuniform precipitation. 

per hour. Hence, with the primary attenuation curve, it 
is possible to assign the contribution that each of the 
three sections makes to the total observed attenuation 
(assuming that the attenuation in decibels is linear with 

distance). 
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Fig. 6—Intensity profile during uniform precipitation. 

After subtracting the part of the attenuation already 
known, the high-intensity central portion is left to ac-
count for the residual attenuation. Dividing the residual 
attenuation by the fraction of a mile covered by this 
part of the path gives a point at 78 millimeters per hour, 
which is the average intensity through the interval. As a 
check on the method, similar nonuniform profiles were 
used for values below 41 millimeters per hour, as shown 
by the open circles in Fig. 4. It will be seen that the open 
circles agree quite well with the solid circles, and hence 
considerable confidence in the high-intensity points is 
justified. 
In plotting the points, the size of the circles indicates 

the limit of the estimated experimental error. 

VI. ANALYSIS: DROP-SIZE DATA 

In all, some 95 blotters were exposed during attenua-
tion runs. An average of 100 drops were collected and 
counted on each blotter. 
The data were worked up by dividing the size range 

into steps of about 4 millimeter in diameter. The number 
of drops in each size was determined and a cumulative 
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percentage curve plotted for each blotter. In this type 
of plot the percentage contributions of each successive 
size grade are added to the previous grades, and an 
S-shaped curve results. The median diameter is taken 
as the intercept on the 50 per cent line. Hence, the me-
dian diameter is the diameter for which half the drops 
are larger and half are smaller. 
Fig. 7 is a plot of this median diameter data versus 

the precipitation rate at the time and place the blotter 
was exposed. It will be noted that there is a large scatter 
in the points, showing no well-defined relationship, al-
though a trend toward larger drops at higher intensities 
is apparent. 

• 
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Fig. 7—Median drop versus intensity. 

A large scatter was also noted in drop sizes on indi-
vidual blotters. This is attributed to the comparatively 
short distance of fall of the drops. Condensation probably 
took place not more than 1000 feet above the path, and 
hence the drops did not have sufficient time to assume 
size distributions corresponding to the precipitation 
rate. 

VII. DISCUSSION 

In a recent paper by Robertson and King,2 it is noted 
that the maximum attenuation occurred as much as one 
minute after the maximum precipitation. They attrib-
uted this discrepancy to three possible causes: (1) at-
tenuation measurements were instantaneous and rainfall 
measurements were averaged over a one-minute period; 
(2) nonuniform rainfall along the path; (3) effect of drop 
size. 
Although the measurements presented in this paper 

suffered from the same factors, the effect of these factors 
has been reduced. 
First, attenuation values used were averages over 30-

second intervals, and rainfall values were also averages 

2 S. D. Robertson and A. P. King, "The effect of rain upon the 
propagation of waves in the 1- and 3-centimeter regions," PROC. 
I.R.E., vol. 34, pp. 178P-180P; April, 1946. 

over simultaneous 30-second intervals. Fig. 2 illustrates 
the necessity for reducing the time intervals to as short 
a period as possible in order to follow the rapid time 

variations of rainfall. 
Second, since nine rain gauges were used in the 6400-

foot path, each gauge covered only 700 feet of the path. 
This close spacing of the gauges made possible the 
plotting of instantaneous (30-second interval) rainfall 
profiles, Figs. 5 and 6, covering the full length of the 
path. With this type of representation, nonuniform rain-
fall can also be utilized as shown above. 
Third, drop-size measurements were made, and al-

though they indicated a wide distribution of drop sizes, 
it would seem that this heterogeneity would eliminate 
any clear-cut drop-size effects. 
Robertson and King also voted a scatter in their low 

rainfall attenuation values. This they attributed to the 
inaccuracy of their funnel-and-graduate rainfall method 
at low intensities and to inaccuracy of the radio data 
at low attenuation. 
In the present measurements, the funnel and graduate 

method was adapted to varying rainfall rates by varying 
the size of graduate used. In this way readings could be 
made to ± 1 millimeter per hour at intensities up to 50 
millimeters per hour. The automatic rain gauges were 
probably less accurate, since impulses were recorded for 
every 0.01 inch of rain that fell. Thus, in a rain of 5 
millimeters per hour, impulses were spaced at 3-minute 
intervals. 
At low attenuations it was not necessary to measure 

extremely low values, since the path was five times as 
long as that used by Robertson and King. 

VIII. CONCLUSIONS 

The average attenuation of 1.25-centimeter radiation 
due to rainfall is 0.37 decibel per mile per millimeter per 
hour.3 This figure changes slowly with the rainfall en-
countered, being about 0.50 at low intensities and 0.35 
at high intensities. 
It is interesting to apply the measured attenuation 

curve to a communication circuit. From Fig. 4, a model--
ate (5 millimeters per hour) rain gives an attenuation 
of about 2 decibels per mile. This would indicate that, 
with rainfall of this magnitude over a 100-mile circuit, 
the radiated power would have to be increased by 200 
decibels (10") to provide the same power received in 
clear weather. Conversely, if communication can nor-
mally be established over a 100-mile circuit, a moderate 
rainfall will reduce the communication range to 10 miles. 
The rainstorm need extend only 10 miles from the trans-
mitter to accomplish this reduction. 

$ Theoretical calculations made by J. W. Ryde of the attenuation 
rate (The Institution of Electrical Engineers Radiolocation Conven-
tion, London, March 1946) yields an average of 0.25 decibel per mile 
per millimeter per hour. The discrepancy between theory and experi-
ment has not been satisfactorily resolved to date. 
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Q Circles—A Means of Analysis of Resonant 
Microwave Systems* 

WILLIAM ALTAR t 

Summary—A new circle diagram is presented for systems having 
an isolated single resonant mode, in addition to frequency-insensi-

tive structures of arbitrary complexities, and ending in an outgoing 
wave guide or other transmission line. The diagram is obtained from 
standing-wave measurements in the outgoing line performed at 
three or more frequencies near resonance. The diagram permits the 
mapping, in the complex plane of load impedances or reflection 
coefficients, of such contour lines as loaded-resonator Q, frequency 
pulling, and the circuit efficiency when the resonator is electronically 
excited. The proof of these relations, as given in Part II (to be pub-
lished in a subsequent issue), rests on field theory and establishes 
in effect the use of general circuit methods in the realm of microwave 

applications. 

Part I 

1. STATEMENT OF PROBLEM 

T
HE ACCURATE determination of the circuit 
properties of systems at microwave frequencies 
poses new problems with regard both to tech-

niques of measurement and the rigorous evaluation of 
the measured data. The need for a practical modus 
operandi for the latter was brought home to this writer 
in connection with performance tests on resonant-cavity 
magnetrons. It became apparent in the testing that the 
variations encountered from one tube to the next could 
be traced in part to varying circuit properties of the 
built-in matching transformer which connects the mag-
netron proper to the outgoing wave guide and the load. 
Consequently, it would be profitable to segregate the 
analysis into two parts, respectively concerned with the 
electronic mechanism of converting direct-current into 

radio-frequency power, and with the circuit properties 
of the magnetron plus matching transformer. 
In the circuit problem one wants to derive relations 

for the impedance which specified loads in the wave 
guide will present at the magnetron cavity. This im-
pedance determines the degree of frequency pulling and 
the loaded-cavity Q, important operating parameters 
for the conversion mechanism. Once the functional rela-
tion between these parameters and the conversion proc-
ess has been ascertained, one is in a position to alter the 
design of the matching transformer and to predict the 
modified load chart of tube performance on the basis 
solely of the measured circuit properties of the individ-

ual tube. 
Now the point is that the circuit properties can be 

determined by "cold" measurements, i.e., with aft aux-
iliary test generator and before the magnetron is evacu-

• Decimal classification: R119.3. Original manuscript received by 
the Institute April 29, 1946; revised manuscript received, August 8, 
1946. This method was first developed in the early spring of 1943 and, 
under then-existing security restrictions, received only limiteddiscus-
sion at that time. 

Westinghouse Electric Corporation, East Pittsburgh, Penn-
sylvania. 

ated. Thus, the matching section and its effect on the 
resonator Q can be subjected to easy adjustments at an 
early stage of manufacture. 
The new circle diagram of a resonant system, for 

which the name "Q circle" is proposed, permits the ac-
curate analysis at wavelengths of a few centimeters, 
where the conventional Q determination from the half-
power band width of a resonance curve would fail. Pre-
sumably, a similar procedure can be used with klystrons 
and other resonant-cavity oscillator tubes. More im-
portant, perhaps, the case discussed here is just one 
typical example demonstrating the rigorous applicabil-
ity of circuit concepts and theorems to microwave sys-
tems in general. 
The justification for thus extending the scope of con-

ventional circuits methods necessitates some considera-
tions of fundamental import, and which are not directly 
related to the problem at hand, showing that the match-
ing transformer may be considered essentially a four-
terminal network and the resonant cavity as an RLC 
circuit. When these statements have been verified as 
corollaries of the electromagnetic field theory (see Sec-
tion 3, Part II) one has in effect reduced the problem to 
one of mere circuit theory, the solution for which is 

offered in Section 4. 
Thus one steers a middle course between two un-

satisfactory extremes; one, the unnecessarily compli-
cated step of solving the field equations for a system of 
given conductor geometry, and the other an over-sim-
plified presentation of the system in terms of a postu-
lated equivalent circuit. While one could with some - 
intuitive skill set up a simple circuit of lumped elements 
to simulate the highly interlinking microwave fields, 
such a representation must for all its heuristic merits be 
lacking in rigor. A detailed representation of such fields 
by a rigorously equivalent circuit would be so complex 
as to offer no advantage over the rigorous field solution. 
Yet the complexity of the field is no obstacle to that 

formulation of circuit theory which avoids explicit refer-

ence to specific circuits; just as the general theory of 
four-terminal networks is not limited or even affected 
by the complexity of the network. The restricting as-
sumptions needed to derive transducer theory as a 
corollary of field theory are exclusively concerned with 
the conductor geometry at and near the terminal points, 
but not with the internal configurations and properties 
of the system. The real criterion of the validity of cir-
cuit theory at any frequency is the presence of one single 
mode of propagation at each terminal point, to the ex-
clusion of all others. This is in complete analogy to con-
ditions existing at power or voice frequencies where 
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circuit theory is commonly used; there the conductor 
spacing is electrically small, so as to exclude all modes of 
propagation except the principal mode (conductor sur-
face equals equipotential surface at each line section). 
The diagram is derived in the complex plane of re-

flection coefficients instead of the more conventional 
impedance plane. The impedance concept, in the ab-
sence of well-defined paths for the currents and terminal 
points for the voltages, loses much of its usefulness and 
may indeed be discarded without sacrificing any of the 
useful content of circuit theorems. Like the reflection 
coefficient, to which it bears a simple relation, the im-
pedance concept is tied to a specific mode of propagation 
whose interaction with a given load it describes. But in 
this respect it is not superior to the reflection coefficient 
itself. The latter, a complex alternating-current vector r 
whose definition includes the position of the standing 
wave, is equally descriptive of a load. Vector diagrams 
in the complex r plane surpass in simplicity and direct-
ness of interpretation all similar diagrams using mathe-
matically equivalent co-ordinates (Fig. 1). 

INDUCTIVE  REGION 
Ir • VECTOR LEADING 

SHORT 
• -I) 

Fig. 1 

CIRCUIT 

The complex r plane is essentially identical with the 
so-called Smith chart'.2 commonly used for plotting 
standing-wave measurements, but for the present appli-
cation we can dispense with the mapping of resistance 
and reactance contours as usually given in that chart. 
Measurements of the reflection coefficient are made 

by means of a standing-wave detector between genera-
tor and load (Fig. 2(a)). This instrument measures the 
square of the electric field amplitudes in a transmission 
line by means of an electrostatic probe, from which the 
reflection coefficient is determined in accordance with 
rule b. given at the end of Section 1. 
The specific circuit problem at hand also has certain 

novel features. Since magnetrons are accessible to radio-
frequency measurements from the outgoing end only, 
cold tests must be performed looking back, as it were 
(i.e., in the direction opposite to the normal operation 

1 P. H. Smith, "Transmission line calculator," Electronics, vol. 12, 
p. 29-31; January, 1939. 

I P. S. Carter, "Charts for transmission line measurements and 
computations," RCA Rev., vol. 3, p. 355-368; January, 1939. 

of the magnetron), and a method for evaluating these 
data must be given. 
Let the element jX in Fig. 2(a) schematically repre-

sent the resonant cavity (better: the single operating 
mode) minus its loss, while the matching transformer is 
representable as a transducer M.T., the circuit proper-
ties of which do not vary with frequency. Included in 
M.T. is the resistance R in series with jX, representing 

M.T 

xTr-d rI M  T 

0  0. 

j(X•X0) 

TO 
GALV. 

(a) 

M T 
-,x 

STANDING 
WAVE 

DE TECTOR 

(b) 

Fig. 2 

TEST 
GENERATOR 

cavity loss, and M.T. may in addition have losses of its 
own. As the frequency varies, the resonant element goes 
through a sequence of imaginary impedance values 

jX = jaZo 
f  fo 

a = — — — 
Jo  f 

zo =  (1) 

like an LC circuit at series resonance. This reactance at 
terminals T' presents a "looking-in" value at terminals 
T, where it is measured by means of the standing-wave 
detector. 

Three or more such r measurements taken at specified 
frequencies at the terminals T and looking to the left 
render the information which is needed for computing 
the impedance, or the reflection coefficient r', which an 
arbitrary load at terminals T will present to the mag-
netron proper, i.e., at terminals T' and looking to the. 
right. In theoretical parlance, we are exploiting a rela-
tion which exists between the two network transforma-
tions respectively associated with the two directions of 
propagation of a given transducer M.T. 
The resonance frequency fo of the element jX can be 

made identical with that of the system for matched load 
by disposing of a certain arbitrariness with regard to the 
exact location of terminals T'. Since, at resonance, the 
total mesh reactance including that presented by the 
load at terminals T' must reduce to zero, the resonance 
frequency of the mesh is a function of the load. As a 
matter of expediency the circuit may be redrawn as in 
Fig. 2(b), inserting two equal reactive impedances of 
opposite sign, jX0 and (—jX0), in series with the reso 
nant element but separated from each other by the 
terminal point T'. If X0 is chosen to be equal to the 
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reactive part of the impedance seen at terminals T' 
when T is matched (Fig. 2(a)), the modified arrange-
ment of Fig. 1(b) will have the desired property that the 
resonant frequency of the matched system is identical 
with fo as used in (1). 
The frequency parameter a can be approximated 

(f — fa)  
4  , 
(f + fo) 

Ihence, f itself may be used as the linear parameter. , Strictly, even a is a linear parameter only if the cutoff 
wavelength of the outgoing wave guide or transmission 
line were infinite; though this correction is too small to 
matter where the bandwidth is small. 
For similar reasons, our assumption that the matching 

transformer be independent of frequency is not a very 
stringent condition, given the high Q values of existing 

i oscillator tank circuits. 
.  It was thought best to close this section with a brief I 

compilation of the definitions and rules underlying our 
use of the Smith chart. 
a. In the chart, loads at a chosen guide reference 

plane are represented by their reflection coefficients r. 
At any specified transmission-line section, r is an 
alternating-current vector equal to the complex ratio 
of the electric field associated with the reflected wave 
to that associated with the incident wave at the specified 

plane. 
In the chart, these vectors are plotted from the 

center (r = 0 for match). Open and short circuit at the 
reference plane are represented by the points, or vectors, 
• r=1 and, respectively, r = —1 (Fig. 1). 
b. A standing-wave pattern of given power-standing-

wave ratio (SWR) is represented in the chart by an r 
vector in accordance with the relations 

.V§W-TZ — 1 
T=Irle'. Id = N/SWR + 1 

47rx 
= 
)to 

There, the reflected wave is ahead and the incident 
wave behind the respective phases at the reference 
plane. It follows that the r vector lags for capacitive 
loads (lower half of the chart) and leads for inductive 
loads (upper half). This is in agreement with customary 
sign conventions for impedances, and with the formula 
(e.g., for a small self-inductance): 

Z — Zo jwI, — 1 
r   

Z  Zo jog, + 1 

d. To refer a given chart diagram to a new refer-
ence plane, all r vectors must be rotated through angles 
proportional to the displacement, and in the clockwise 
sense if the new reference plane is nearer the generator. 
A full revolution in the chart corresponds to a displace-
ment by a half wave. 
e. For increasing frequencies, load points in the chart 

always travel in the clockwise sense because the change 
increases the electrical length of the line, and thus 
works in the same sense as shifting the reference plane 
toward the generator. Since a Q circle is a plot of the 
conjugates of chart points, the sequence of points on the 
Q circle is opposite, i.e., clockwise, for decreasing fre-
quencies. 
f. The contour lines of resistance and reactance crowd 
toward the open-circuit point (r =1) for large R or X 
values. The contour lines of conductance and sus-
ceptance crowd toward the short-circuit point (r = —1) 
for large Y values. Except for a rotation through 180 
degrees the two systems of contour lines are identical. 

The distance x from the reference point to the nearest 
maximum is counted positive toward the generator and 
represented by the angle 0, which is zero at the open-
circuit point and increases in the counterclockwise 
sense. 
The fractional-wavelength scale printed on the pub-

lished' Smith Chart has the reference zero at the short-
circuit point and increases clockwise toward the gen-
erator. It refers to the position of the reference plane 
relative to the nearest minimum, while our angle 0 
measures the position of the maximum relative to the 
reference plane. 
c. A short section of open transmission line or other 

capacitive load has its nearest maximum on the load 
side and its chart point is displaced in a clockwise sense 
relative to open circuit (r= +1). At the reference point 
the reflected wave is then lagging because phase equality 
exists between the two waves at the maximum, which is 
farther from the generator than the reference plane. 

= — 1 + 2fiaL ± • • • . 

2. EVALUATION OF Q-CIRCLE DATA--
AN ILLUSTRATIVE EXAMPLE 

In order not to burden with general derivations and 
proofs those readers whose primary interest is in the 
practical use of Q circles, it was thought preferable to 
precede the theoretical discussion of Part II with a 
condensed outline of the procedure. The data chosen are 
typical of a resonant-cavity magnetron with magnetic 
coupling. More modern tubes with guide output have 
Q circles almost tangent to the chart rim, indicating a 

simpler equivalent circuit. 
The three standing-wave measurements listed in 

Table I, obtained at three equidistant frequencies, are 
a representative set taken from a total of six to ten 
similar data covering the resonant-frequency region. 

TABLIC 

Point 

Minimum 
Frequency position.  Standing-wave ratio 
in mega- fractional 
cycles  wave-

length 
Power 

Ampli-
tude 

Conjugate of the 
complex reflection 

coefficient 

A 8605 
8597 
8589 

0.155 
0.254 
0.324 

18.4 
10.6 
12.25 

4.30 
3.26 
3.50 

0.622/0.095 )C 4w 
0.5301-0.004  X4r 
0.555774T-074 X4r 

Of these, only the first three columns represent measured data, while the rest are 
computed. 

The standing-wave detector is in the outgoing wave 
guide and looks at the magnetron through its matching 
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Fig. 3 

section, which, in this particular case, is a coaxial-to-
guide transformer. The zero of the position scale serves 
as the guide reference plane, and the readings increase 
toward the test generator. Let it be required to de-
tarmine the frequency pulling (shift of tuning frequency) 
and the loaded Q of the operating mode as functions of 
the load. The mode is single, at about 3.50 centimeters. 
The loads are again referred to the zero of the probe 
position scale used in Table I. Let it further be required 
to map contour lines of circuit efficiency in the load 
chart. By circuit efficiency—as contrasted with elec-
tronic conversion efficiency—is meant that fraction of 
the generated radio-frequency power which emerges 
through the guide. 

a. Matched Load 

In the complex r plane the Q circle is defined as 
the locus for varying frequency, not of the reflection 
coefficient but its conjugate complex value. It may be 
drawn from three of its points, A, B, and C, as shown 
in Fig. 3. Chart points measured at other frequencies 
must lie on this circle, their exact positions to be de-
termined by means cf a linear frequency scale which 
we now proceed to draw. First, to locate the so-called 
off-resonance point 0 (Fig. 3), line ti is drawn tangent 
to the circle at B and extended to I, its point of inter-
section with the line passing through A and C. Next, 
draw the second tangent 12 from I to the circle, the con-
tact point determining the off-resonance point 0. This 
is the limiting point toward which the point on the 

the differences in frequency (more exactly in a) at 
which the corresponding points A, B, C . . . were meas-
ured. One verifies, by way of checking the accuracy of 
point 0, that the points a, b, and c are equally spaced, 
the intervals a—b=b—c corresponding to equal fre-
quency intervals of 8.0 megacycles. This gives us a scale 
factor by means of which the position on the Q circle 
may be interpolated for any stated frequency, and vice 
versa. In particular, for the point S diametrically op-
posite to 0 on the Q circle, linear interpolation gives a 
frequency of 8604.0 megacycles, later shown to be the 
.resonance frequency of the system when terminated in 
a matched load. 
By checking measured points other than A, B, and C 

against the frequency scale, one verifies its linearity 
as a check for the absence of undesired modes near the 
operating frequency of theisystem. 
If A, B, and C happen to be about equally spaced on 

the circle, the given procedure for finding 0 becomes 
impractical and is better replaced by the following. One 
draws two lines tangent to the circle at points A and C, 
and joins their point of intersection to point B by a 
straight line. This line then intersects the circle again 
at 0. 
To find the loaded Q of the system when terminated 

in a matched load, we read from the frequency scale 
that interval 2A/ which is represented by a scale spac-
ing 2s. It will be seen that the point on the circle tra-
verses half the circumference as the frequency is varied 
from fo+Af to fo—Af. This is the half-power bandwidth 
as one would measure it were it possible to take a stand-
ard  curve by means of instruments directly 
inserted into the resonant mesh, while the wave guide 
would be terminated in a matched load. In the numeri-
cal example, the half-power width comes out 27.2 
megacycles, giving a value 

86Q4 
Q match =  =  = 315. 

2Af  27.2 

For the matched load the circuit efficiency e will be 
shown to be numerically equal to the radius of the Q 
circle. Since the chart rim has unit radius, we find frofil 
Fig. 3: 

emateb 
power into matched load 

total radio-frequency power generated 

= 66 per cent. 

We may define a transmission Q for the system: 

reactive system power  Qmatch 
Q gg match =  = 

circle for the mode under consideration converges as 
the frequency is raised or lowered beyond limit. To set 
up the linear scale, one draws line g parallel to /2 at a 
suitable distance s from 0. A pencil of rays through 0 
will then establish a projective relationship between 
points a, b, c . . . on g and points A, B, C . . . on the 
circle. Spacings between a, b, c . . . are proportional to 

(3) 

power into matc hed load   = 476 (4) 

and similarly a dissipation Q 

reactive system power 

power dissipation in system 
Qd, match = 

Qmateh 
=  —  = 920. 

— ematch 

elnatCh 

(2) 

(5) 
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While a strict separation between cavity loss and loss 
in the matching section must not be expected from the 
few data taken, it is possible to quote upper limits for 
the cavity loss and for the efficiency of transmission of 
the matching section. Clearly, if we could reduce to 
zero all cavity losses, an increased radius of the Q circle 
would result, yet the off-resonance point 0 would not 
be affected since the cavity loss is zero, anyway, at 
frequencies for off resonance. Consequently, the effi-
ciency with which the matching section transmits 
power into a matched load cannot exceed the numeri-
cal value of the radius of the biggest circle through 0 
which lies entirely within the chart rim. Hence, the 

ratio 

e' 
power into matched load 

power into matching section 

1 ± ro 
2   — 85 per cent,  (6) 

corresponding to an insertion loss of the matching sec-
tion not less than 16.2 per cent. A corresponding lower 
limit results for the circuit efficiency of the cavity alone: 

power into matching section 
e ll  = 

total radio-frequency power generated 

.66 
— 77 per cent. 

— 0.86 
(7) 

Fig. 4 

On this basis one arrives at estimates for the com-
ponent Q values of the cavity alone: 
cavity transmission Q = Q,„ /e" 5 315/0.77 = 410 

By comparing these values with empirical expectations 
one can often locate such hidden sources of excessive 

loss as faulty soldering, etc. 

b. Contours of Q and of Frequency in the Load Chart 

The basic geometrical element for contour mapping 
is the inverted Q circle (Fig. 4). It is related to the Q 
circle through transformation by reciprocal radii, with 
the chart rim serving as the unit circle. It can be con-
structed from three of its points; for instance, from the 

inversions A, B, C of points A, B, C. Point 0 may be 
found by inverting the off-resonance point 0, or alterna-
tively from point -21,7B,C to which it is related by the 
same construction which served to locate 0 from A, B, 

C. 
The case depicted in Fig. 4, where the inverted Q 

circle surrounds the chart rim, is the usual but not the 
only possible case. Our formulations should not exclude 
the possibility that the chart center lies outside the 
Q circle, and the chart rim, consequently, lies outside 
the inverted Q circle. A formulation embracing both 
cases assigns an algebraic sign to the radius of the in-
verted Q circle and to all other Q contours, being positive 
if the chart rim lies inside the circle in question and 
negative otherwise. 
All Q contours are circles tangent at 5 to each other 

and to the inverted Q circle. The latter, being the con-
tour for infinite loaded Q, must lie outside the accessible 

Qmatch 
cavity dissipation Q =   k 315/0.231 = 1370. 

1 — e' 

load range as demarked by the chart rim. The frequency 
contours also are a family of circles, tangent to each 
other at 6 and orthogonal to the Q contours (Fig. 4). 
The centers of the Q contours lie on the diameter 

through 0, and the radii are: 
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R'(Q) — 
RoQ 

Q + Q' 

where Ro is the radius of the inverted Q circle and Q' 
is the Q value associated with its center: 
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1.75 
Q' = Qmatel2 = - 315 = 406. 

1.36 

(8) 

(9) 

The chord of the inverted Q circle, passing through 5 
and through the chart center, is divided by the latter 
into segments a=1.36 and b = 1.75, as seen from Fig. 4. 
If the inverted Q circle has negative curvature, the 
negative sign applies to segment b. The circles of con-
stant frequency have their centers on the line which at 0 
is tangent to the inverted Q circle, and their radii are 

Ro 
R" (a) —   (10) 

421(a — a') 

where a' is the value associated with the contour 
through the center of the inverted Q circles: 

2R0 sin (3 
a' =   = 0.92  10-3 (11) 

banatell 

corresponding to a frequency which is (1/2 X0.92 
X10-3X8604) =4.0 megacycles below that for matched 

Fig. 5 

load. In other words, the diameter at  is the contour 
line for a frequency of 8600 megacycles, and other 
circles have radii given by 

R"(f) = 
17.00 Rof'  1 

f — 8600  [ 2Q'(f —r) 

The completed load chart (Fig. 4) gives the Q value 
and tuning frequency for any specified load. In particu-
lar, one verifies the previously computed  values 
Q=315 and f=8604 for the center of the chart. 
The frequency contours meet the inverted Q circle at 

points which are the inverted images of the points on 
the Q circle measured at the respective frequencies. An 
additional check may be derived from a linear frequency 
scale which exists for the inverted Q circle, and which 
may be found in a manner analogous to that of the Q 
circle, except that the value Q' must be taken in place 
of Q ma tch. 

The contour lines of circuit efficiency are a family of 
circles, as shown in Fig. 5. Two of these are known; 
namely, the chart rim for e=0, and the inverted Q 
circle for e= 00. Others may be constructed using the 
geometrical rule that they must be orthogonal to a 
certain circle C which we now proceed to determine. 
A straight line g (Fig. 5) is drawn through the centers 

of both the chart rim and the inverted Q circle, inter-
secting the latter at points G and G'. Next, draw a 
circle C' of arbitrary radius and passing through G, G', 
which intersects the chart rim in the points H, H'. The 
center Al of circle C is then found as the point of inter-

April 

(10b) 

section of line h through H, H' and line g. To find the 
radius FT of circle C, a tangent to point T on the chart 
rim is laid from point M. 
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The circle C with center If and which passes through 
T is orthogonal to all e circles, so that it becomes a 
simple problem in geometry to find their radii once the 
centers on line g have been located. To find the center 
for a specified e value, a linear e scale may be laid out 
by selecting a point P and joining it to the center of the 
inverted Q circle by a straight line parallel to the pro-
posed e scale. The scale zero lies on the ray which 
joins P to the center of the chart. Another ray through 
P, parallel to line g, meets the scale at the scale point 
e=1.58 (numerically equal to the radius Ro). From 
these two scale points, the point e= 100 per cent and 
others are found by linear interpolation. From Fig. 5, 
one reads the maximum efficiency of which the system 
is capable to be 68 per cent when the load point is at F. 
The radius of an e contour equals the length of the 

tangent drawn from the given center to the circle C, as 
indicated in the Fig. 5, for the 50 per cent contour line. 

c. Circuit Efficiency of the System for Arbitrary Loads 

The amounts of total power generated and of power 
emerging at the wave guide may be computed with the 
help of two simple and singularly appropriate relations, 
which link them to the geometrical concept of "power" 
of a point P with respect to a circle. Let a and b be 

the segments into which the chord of a circle is sepa-
rated by one of its points, P. The product a•b of these 
lengths, a function only of the position of P and the 
circle but not of the chord chosen, is called the "power" 
of point P relative to the circle. It can be shown that 
the net, or active, power emerging through a wave guide 
when the outgoing wave is of unit amplitude is numeri-
cally equal to the "power" of the load point with re-
spect to the chart rim. The total radio-frequency power 
generated, on the other hand, will be proved in Part II 
to be 1/Ro times the "power" of the load point in the 
receiver chart, with respect to the inverted Q circle in 
that chart. By combining these two statements, one 
finds the circuit efficiency of the system 

"power" of load point relative to chart rim 
e — Ro  (12) 

"power" of load point relative to inverted Q circle 

for any load. For instance, if the load is matched the 
load point is the chart center, and (12) reduces to 

Ro 1.58 
emateh =  =  = 66 per cent  (13) 

ab  1.36 X 1.75 

which, in agreement with a previous determination, is 

equal to the radius of the Q circle. 

A Tunable Squirrel-Cage Magnetron —The Donutron* 
F. H. CRA WFORDt AND MILTON D. HARET 

Summary—The donutron is an all-metal squirrel-cage magnetron. 
It is a multisegment magnetron with a single resonant structure. It is 
tuned by the relative axial displacement of alternate anode segments, 
through fierure of one wall of the cavity in which the anode struc-
ture is supported. During the testing of some sixty models, the 

operating efficiency and the output power have been increased to 40 to 
SO per cent and around 50 watts, respectively (6- to 12-centimeter 
range). The best model to date tunes over a 1.5 to 1 ratio with power 

flat to 3 decibels. A single value of voltage and magnetic field is 

1. GENERAL DESCRIPTION 

1
r   1HE donutron is a magnetron consisting essen-

tially of a set of interleaving fingers arranged in the 
form of a cylinder to form a multisection squirrel-

cage anode (see Fig. 1). Alternate fingers are attached 
to rings which in turn are soldered to the side walls of 
a cylindrical metal cavity. A uniform magnetic field is 
maintained parallel to the anode axis in the usual 

• Decimal classification: R339.2. Original manuscript received by 
the Institute, March 29, 1946; revised manuscript received, October 
19,1946. This paper is based on work done for the Office of Scientific 
Research and Development, under Contract No. OEMsr-411 with 
the President and Fellows of Harvard College. 
t Formerly, Radio Research Laboratory, Harvard University, 

Cambridge, Massachusetts; now, Williams College, Williamstown, 
Massachusetts. 
t Formerly, Radio Research Laboratory, Harvard University, 

Cambridge, Massachusetts; now, Union College, Lincoln, Nebraska. 

adequate for the entire tuning range. Of the various modes of opera-
tion, two are important, a long-wave tunable cavity mode and a short-
wave resonant re-entrant-line mode. The former can be entirely 
suppressed and the latter enhanced by a special phase-reversing 
anode. In the line mode the highest output powers have been ob-
served. In cold tests, modes around 4 centimeters as well as indica-
tion of even shorter resonance wavelengths have been found. A 
wide range of design parameters has been studied. Rieke diagrams 
have been taken for the best tubes. 

fashion. One of the walls of the cavity is a thin dia-
phragm allowing the separation d between the ends of 
the fingers and the bottoms of the slots to be varied 

Fig. 1—Cutaway diagram of donutron, showing interleaving 
of fingers and variable tuning setting d. 

by pulling the two anode halves apart. This alters 
the capacitance and, in some modes of operation, the 
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inductance, and thus tunes the system.' Various devices 
have been employed to increase the tuning range, such 
as small radial tabs on the finger ends and continuous 
circumferential rings attached in each case only to the 
fingers belonging to a given anode half. The cathode 
consists of a heavy nickel tube with heavy end cylinders 
or "hats" for cooling. A sintered nickel mesh filled with 
emitting oxides fills the space between the end cylinders. 
It is important that the emitting surface be of the same 
general length as the fingers. Heating is indirect. 
The N-fingered donutron, while behaving in opera-

tion as a magnetron with an N-pole anode, differs from 
the conventional multicavity magnetron in the replace-
ment of the N identical mutually coupled oscillators by 
a single resonant structure. Thus, although the donutron 
has several modes of operation, they are widely sepa-
rated in frequency in marked contrast with the nar-
rowly spaced (2N-1) resonant modes of the multicavity 
structure. 

Approximately sixty tubes have been constructed, a 
majority of which have been tested as oscillators. Dur-
ing this time power developed has increased from less 
than 1 watt to 50 or 60 watts (in continuous-wave 
operation) and efficiencies have been raised to around 
50 per cent. 

Il. COLD TESTS AND MODES OF OPERATION 

For the purpose of investigating the cold resonance, 
tuning behavior, and anode field patterns of this tube, 
special cold-test equipment was built up. 
This is indicated schematically in Fig. 2, and consists 

essentially of a local oscillator which supplies 100 per 
cent square-wave amplitude-modulated radio-frequency 
power through 9 feet of lossy cable to the magnetron. 
The lossy cable introduces an attenuation of about 
10 decibels and prevents interaction between the 

POWER 
SUPPLY 

LOCAL  „ M ae . 
OSC I LLATOR 

LOS;Y L I NE 

SYNCHRONOUS 
MOTOR 

Fig. 2—Schematic diagram of arrangement for cold tests. 

magnetron and the oscillator. At wavelengths below 
5 centimeters it was necessary to use another local oscil-
lator of power too low to permit use of the lossy cable, 
and results accordingly were less reliable in this region. 
The magnetron was used essentially as the finished 
tube complete with tuning mechanism, but without the 
cathode assembly and output loop, which were later 
attached in a hydrogen bottle. For the cold tests a 
special adjustable loop was clamped in the output 

I R. Kompfner, describing work done at Birmingham University 
in 1942, used this adjustment for tuning the cold tube to a desired 
wavelength. His work has not been published. 

opening, while the whole tube was fixed on the probe 
table in such a way that a rotatable radial probe 
mounted in a dummy cathode could be inserted in the 
normal cathode position. The probe was connected by 
a coaxial transmission line containing a line stretcher 
to two wavemeter crystals arranged so as to provide 
half-wave rectification of the radio-frequency power. 
The probe-line-stretcher-crystal assembly was rotated 
continuously by an 1800-revolution-per-minute syn-
chronous motor, while the audio output of the crystals 
was taken off through silver-graphite brushes running 
on coin-silver slip rings. The audio amplifier was tuned 

A 

a 
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Fig. 3—Resonant modes of the donutron and their tuning 
behavior (cold tests on tube No. 39 with 16 fingers). 

to the approximately 2000-cycle-per-second frequency 
of the square-wave modulation, while its output led to 
a DuMont oscilloscope whose sweep was synchron-
ized with the  60-cycle-per-second line frequency. 
This tied the oscilloscope sweep to the angular position 
of the rotating probe. In practice, the oscillator was set 
at the desired wavelength and the probe-line stretcher 
tuned for maximum output, while the magnetron was 
tuned over its entire range. At each resonance a photo- • 
graph of the oscilloscope pattern was taken and the 
magnetron-tuner setting recorded. The oscilloscope 
pictures show the square of the radial electric field 
strength at the cathode as a function of the azimuthal 
angle. By means of a special adjustment the probe 
could be moved at will along the axis of the tube. The 
cold tuning curves result from plotting the wavelength 
of the resonant responses versus the tuner settings. The 
probe patterns are the chief data on which our knowl-
edge of the nature of the oscillations in the tube depends. 
In a general way, the cold-test data indicate four 

principal types of oscillation in the donutron structure. 
Fig. 3, for example, indicates the resonant wavelengths 
for these types for plain-finger anodes as a function of 
the tuning setting, i.e., the separation d (Figs. 1 and 5) 
of the ends of the fingers from the bottoms of the slots, 
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in thousandths of an inch. Beginning with the mode of 
longest wavelength we have, at the top, mode A, which 
tunes only very slightly over the whole range of ad-

justment. The rotating-probe pattern (Fig. 4(a)) indicates 
the presence of a cavity oscillation, in which the fingers 
attached to one side of the cavity are of opposite polarity 
to that of the fingers attached to the other side. Here 
the number of maxima = (N/2) =8 indicates a r mode, 
i.e., a mode in which neighboring segments are 180 de-
grees out of phase (the loop maximum falling between 
and partially obscuring the second and third maxima 
counting from the left is to be ignored). In this mode 
the anode structure behaves much as a simple capacitor 
shunted across the cavity. Since this mode tunes only 
slightly and in operation never produced very much 
power, it has not been studied with any care. 

A 

C, 

3 

LOOP POSIT I On  1.00P POSITION 

patterns are functions of the axial position of the probe it-
self, and in Fig. 4 (C3)(C2) and (C3) are typical patterns ta-
ken with the radial probe at the middle, near one end, and 
beyond the end of the finger system respectively. The 
third of these patterns, after correcting for the square, 
response characteristic of the rectifier, indicates a radio-
frequency field near the cathode which is a simple sin 0 
function. The field under the center of the fingers has 
sin 0 as an envelope with the fluctuations due to alter-
nating charge on the fingers superposed. The patterns of 
mode C in general are reasonably well represented by 
an expression of the form sin 0. sin (NI2)0, where N is 
the number of fingers. Actually, at the major minima 
of the curves (where sin 0 is small) it is difficult to 
locate the small pips, and usually 7 rather than 8 are 
found per half wave (for N=16). In any event, the sig-
nificant thing is the sin 0 variation. This indicates 
definitely that in this mode we have a single standing 
wave around the circumference of the anode, and hence 
that the anode structure itself and not the cavity is 
the resonant element. This was verified in operation by 
the observation that, when the cavity radius was in-
creased by up to 25 per cent and the cavity height by 
50 per cent, the wavelength of the C mode at identical 
settings changed by only a millimeter or so. This was 
of great importance, and led to the discovery that the 

operating wavelength for mode C could be computed 
simply from the anode size and the number and length of 

fingers alone. 
In mode-C operation we have a single standing wave 

around the anode, while the cavity presumably is being 
forced to oscillate as a I-wave radial line with a short 
at the external circumference and with a single pair 
of circumferential or 0 nodes superposed. 
A typical probe pattern for mode D is shown in 

Fig. 4(d). It is apparent that here, also, we have a single 
wavelength around the anode, and that the cavity must 
be forced to oscillate in some new mode, perhaps a 
I-wave radial one. The patterns all have fewer pips 
than for mode C, though the exact interpretation is not 
clear. Mode D has been observed in operation at the 
Sylvania Electric Products Company in Salem, although 
not at the Radio Research Laboratory. It would merit 
further investigation in the future. 

Fig. 4—Rotating-probe patterns on the oscilloscope (tube No. 39) 

Mode B gives a probe pattern (Figs. 3 and 4(b)) very 
similar to mode A, and hence, as before, indicates a 
capacitance-shunted cavity oscillation with r-rnode mag-
netron operation. Mode-B operation with efficiencies 
around 35 per cent has been obtained,although the power 
output is limited, as the anode current is raised, by a 
sudden jump to mode C. 
In mode C we have another mode of operation with a 

good tuning range, and in this mode the greatest powers 
and efficiencies have been obtained. Here the probe 

III. MODE B--THE PRINCIPAL TUNABLE-CAVITY MODE 

This mode was actually the mode in which the 
donutron was expected to operate when it was first 
designed, and for many purposes this mode may be very 
satisfactory. Tuning ranges of 1.3 to 1 or so can be 
reached with plain fingers, and the addition of finger 
nails or rings extends this to 1.7 to 1 or higher. Because 
of the mode jump from mode B to mode C as the anode 
current is increased, high powers have not been observed, 
though at 10 watts output efficiencies of 35 per cent 
have been obtained. This mode would undoubtedly be 
worth extensive investigation, although for the follow-
ing reasons it was decided to concentrate on mode C. 
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1. All tubes seemed to oscillate well in the C mode, 
even when the B mode was weak and irregular. 

2. The low current for the mode change B to C 
offered prospects of better power outputs over 
wider anode-current ranges. 

3. Several devices to suppress mode C in favor of 
mode B were tried without success. The phase-
reversing anode to be described below was found 
actually to suppress mode-B and enhance mode-C 
operation. 

4. Since the wavelength of mode C is roughly  to 
of that of mode B, size and power considerations 
obviously favored the shorter-wave mode. 

IV. MODE C-THE PRINCIPAL TUNABLE-LINE MODE 

The existence of a standing wave around the anode 
structure at once suggested that mode C was a re-
entrant-line mode of some kind or other. On searching 
for such a re-entrant line, the possibility arose of treat-
ing the zigzag path between the finger systems (see Fig. 
5) as the line in question. If we imagine the anode halves 

Fig. 5-The zigzag path between the anode fingers regarded 
as a re-entrant transmission line. 

to be so adjusted that the gap at the ends of the fingers 
is equal to the side gaps between the fingers (i.e., with 
d=5), we see that the length of the midpath (dotted 
line Fig. 5) is 2rr,3-1-Nl where r0 is the internal anode 
diameter, N the number of fingers, and l their length. 
This would be expected to be the approximate wave-

length for such a line if it were straightened out. 
Actually it must be thought of as a folded line where 
the capacitance per unit length is probably only slightly 
altered, while the inductance per unit length is consider-
ably reduced. This should increase the phase velocity 
and increase the wavelength in the line compared with 
the air wavelength. In practice, this increase is by a 
factor of almost exactly two--leading, therefore, to the 
very useful, but entirely empirical, equation 

(mode C) Xair = 
2 

2rri, Ni 
(1) 

Actually, with fingers of appreciable radial thickness it 
is slightly better to use ri,', the radius to the midpoint 
of the anode structure, rather than r0, the internal anode 
radius. Hence, 

(mode C)  Xair = Irrai (2) 

for an electronic mode of order n =N/2, i.e., the mode 
corresponding most closely to the r mode in an ordinary 
magnetron of N segments. Equation (2) of course takes 
no account of tuning and applies only to the wavelength 
for a setting which makes d= b. The formula was tried 
out on all the data on squirrel-cage magnetrons which 
could be found as well as on Radio Research Labora-
tory tubes where the wavelength for d=ö was actually 
observable from the tuning curve. A few of the results 
are given in Table I. Under the columns headed W and 
t are given, respectively, the finger width, and the 
finger thickness measured in a radial direction. It should 
be emphasized that the wavelength for a given tuning 
setting depends, among other things, upon the anode 
current, the size and separation of the end hats, etc., 
and these quantities are not noted particularly in the 
table. The wavelength was found to be, as we should 

TABLE 1 

(All dimensions are in inches, X in centimeters) 
Here N= finger number, W= finger width, = finger thickness radially measured, r,.' =anode radius to midpoint of finger, 1= finger length, 

D.=internal anode radius, d= tuning separation, and X= wavelength. For d and 6, see Fig. 5. 

Tube 

Raytheon (glass) 
Salem Sylvania 
Flushing SD849 

Flushing SD848 

RRL Donutron No. 6 

1 sa 1  1/D.  d X Calc.  X 
Eq. (2)  Obs. Remarks 

RRL Donutron No. 13 
RRL Donutron No. 23 
RRL Donutron No. 28 
RRL Donutron No. 371 
RRL Donutron No. 38 
RRL Donutron No. 452 
RRL Donutron No. 473 

16 
20 
16 

20 

16 

--  --  0.127  0.200  0.9 
--  --  0.112  0.208  1.0 
--  --  0.197  0.250  0.7 

--  --  0.197  0.250  0.7 

0.030  0.030  0.197  0.250  0.7  0.042 

5.1 
6.2 
6.7 

7.9 

6.6 

5.2 
6.8 
6.0 
7.0 
6.6 
7.7 
6.8 

24  0.030  0.030  0.197  0.230  0.6  0.018  8.6  8.4 
32  0.018  0.030  0.197  0.230  0.6  0.018  10.9  10.3 
16  0.030  0.030  0.197  0.184  0.5  0.042  5.3  5.4 
16  0.030  0.63  0.214  0.230  0.6  (0.048)  6.4  6.5 
16  0.030  0.125  0.245  0.288  0.8  0.060  8.1  8.0 
(20)  0.030  0.60  0.214  0.288  0.8  0.022  9.0  9.1 
(20)  0.030  0.60  0.214  0.169  0.46  0.022  6.0  5.5 

d=6 for all Radio Re-
search Laboratory tube 
wavelengths. 

X=--8.5 at I.=100 ma. 
Cold resonance only. 

I Here cathode was shorted at long-wavelength end of range; hence, exact d value is. uncertain. 
2 No. 45 and No. 47 are phase-reversing models, and hence, although the finger spacing is that for N=22, the zigzag path must be taken as though N were 20. 
3 No. 47 failed before hot operation was achieved; hence the cold resonance alone is given. 
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expect, independent of radial finger thickness t (over a 
4 to 1 range), and of the finger width W (over a 2 to 1 
range). Equation (2) is usable over a range of the ratio 
11D„ of approximately 0.5 to 1.0, or perhaps higher. 
In the case of the Radio Research Laboratory donu-
trons, the observations agree with the predictions of (2) 
within about +3 per cent. This relation is therefore of 
the greatest value in designing tubes to fit certain fre-
quency and voltage restrictions. 

V. THE PHASE-REVERSING ANODE 

On examination of the field patterns and finger 
charges to be expected in the magnetron with a field 
variation of the form sin 0 X sin (N/2) 0 around the 

I cathode, an important fact emerges. Thus, whether 
' N/2 be even or odd, at each node of sin 0 (the nodes 
of the standing wave around the anode) we should 

- have two adjacent fingers of the same sign. This is 
- illustrated in Fig. 6 for the case of N/2 =6, where the 

Fig. 6—Field distribution about the anode in mode-C operation 
(dotted curve is product of two sign functions in solid line). 

dotted curve is the product function sin 0 X sin 6 0: 
This suggests that, in such a case, electrons will con-
tribute more to useful oscillations if in their motion 
around the interaction space they undergo a phase 
'slippage of 90 degrees at the nodes of sin 0 lest they 
be drawn back to the cathode, thus wasting useful 
energy. It was found that with the designs having the 
"phase-reversing anodes" the necessity for this phase 
slippage is eliminated to a considerable degree, and 
thus the efficiency of operation becomes greater. The 

- 

— 

I 7  
1-

2 

Fig. 7—The ordinary anode structure (A) and the phase-reversing 
structure (B). Dotted lines 1 and 2 are drawn through voltage 
nodes. 

phase-reversing anode is best understood by re-
ferring to Figs. 7, and 8. Figure 7A illustrates two 
interleaving anode halves developed on a plane with the 
two nodal lines and the consequent sign of charge of all 
fingers. Here the two fingers nearest the nodal lines are 
in each case of identical sign. If we remove all the 
fingers between the node lines 1 and 2 in Fig. 7A and 

attach them to opposite anode halves, we have the 
situation in Fig. 7B where the sign sequence is now 
preserved all around the anode. Consequently, the elec-
trons see a sign sequence similar to that in the ir mode 
of an ordinary multisegment magnetron. Since the 
radio-frequency fields are low near the nodal points, 
there will be very little loss if the two neighboring 
fingers at a node are left as a single wide finger. Further-
more, if we make N the number of fingers, counting 
the wide finger double, equal to twice an odd number, 
the two broad fingers must be attached to one anode 
half. This is illustrated in Fig. 8 for the case of N=18, 
where the shaded rectangular outlines correspond to 
fingers attached to one side and the open circles to 

Fig. 8—Wide-finger phase-reversing anode for N...18. Here the 
shaded fingers are attached to one anode half and the unshaded 
ones to the other. The -I- and — sequence is similar to that of a 
magnetron operating in a simple r mode. 

those attached to the other side. The obvious symmetry 
of this scheme is of considerable advantage in hand 
milling of the anode halves. The use of N equal to 
twice an even number is to be preferred when hobbing 
is used, since then the two anode halves are identical 
and only a single hob need be ground. We have used 
both N=18 and N=22, and our results indicate a de-
cided advantage of the phase-reversing anode over the 

plain ones used up to that time. 

VI. TUNING IN MODE-C OPERATION 

In general the tuning range observed in mode-C 
operation decreases as both the length I and the number 
N of the fingers are increased. A typical tuning curve 
for a tube with micrometer tuning screw and spring-
loaded diaphragm is given in Fig. 16. 
It was first thought that the use of finger tabs (on 

the ends of the fingers) would increase the tuning 
range to almost any value desired. This is true in gen-
eral (tuning ranges up to 2 to 1 were observed), but as 
soon as the fingers were pushed in close to the long-
wavelength end of the range a number of closely spaced 
or "millimeter" modes was observed. This trouble seems 
to be largely removed when exact alignment of the 
anode halves is achieved and a precise tuning mechanism 
is used (see Fig. 14, for example, where a considerably 
greater range of tuning would be available with a 
longer screw motion). 
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VII. FIELD PATTERN IN MODE-C OPERATION 

Although we may regard the resonant re-entrant line 
as the folded or zigzag line described above, it is very 
instructive to look at the anode structure from another 
point of view. Thus we may equally well regard the two 
end rings from which the fingers project as being the 
re-entrant line. In this case, the fingers simply provide 
capacitive loading for the line, with the main radio-
frequency currents flowing in the rings themselves. 
Only enough current flows into a finger to charge it to a 
value which depends upon the point of attachment to 
the line. In this case, the wavelength in the line is less 
than the air wavelength, which is very roughly twice 
the anode circumference. It is, of course, probable that 
the two methods of regarding the anode structure, i.e., 
the zigzag line and the ring line, are equivalent, al-
though the latter is somewhat more useful from a purely 
qualitative standpoint. Thus, if we imagine two rings 
such as the above with out-of-phase radio-frequency 
currents in each, we should expect magnetic fields 
which form closed lines around the rings themselves. 
Since, however, the rings are soldered to the walls of 
the cavity, the magnetic lines emerging from the anode-
cathode space are unable to encircle the rings and must 
instead pass around through the free space in the 
cavity and back between the teeth into the anode-
cathode space (see Fig. 9). The magnetic lines thus 
form closed curves which lie roughly in planes per-
pendicular to the tube axis rather than being in radial 

a 

a 

LOOP 

Fig. 9—Cross section of donutron perpendicular to the cathode axis, 
showing the probable magnetic-field pattern in black mode-C op-
eration. The black mode is thus directly coupled to the output 
loop. 

planes through this axis. Since the greatest magnetic 
fields will arise where the radio-frequency currents are a 
maximum, we shall have the greatest number of lines 
emerging between the pair of teeth between which the 
voltage nodes of the standing-wave pattern lie. Experi-
mentally, it was possible to verify this by moving the 
stationary probe in a dummy cathode along under each 
finger in turn. It was found that, with a given position 
of coupling-in loop, zero pickup was observed between 
two diametrically opposite pairs of fingers. The median 

radial plane between these pairs of fingers was always 
very nearly perpendicular to the coupling loop. 
In cold-test study we should expect only one such 

mode (except when the two degenerate modes are very 
close together in frequency) with what we can most 
conveniently call its nodal line (a-a in Fig. 9) per-
pendicular to the coupling loop. When, however, the 
tube is being excited by the electron stream, we should 
expect the excitation of two such patterns having nodal 
lines at right angles to one another and probably 90 
degrees out of phase in time. In the case of complete 
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Fig. 10—Tuning of the near-degenerate pair of modes (the black, 
solid curve; and red, dotted curve) in mode-C operation (tube 
No. 47). 

symmetry and exact mechanical alignment of the anode 
structure, these two modes would, of course, be de-
generate, though the degeneracy would be removed 
presumably by even the presence of the coupling loop 
itself, not to speak of unavoidable mechanical imper-
fections. It has been possible with a precision tuning 
mechanism and the rotating probe to obtain patterns 
for both of these modes and to trace their individual 
tuning curves over the whole tuning range. In the case 
of a well-made and well-aligned tube, the two modes 
differ by a millimeter or less in wavelength and the 
tuning curve of one mode actually crosses the other (see 
Fig. 10). Since only one of these modes is directly 
coupled to the loop, the mode at 90 degrees to this 
must be coupled to and hence excited by the loop, in 
cold excitation, only by intermode coupling. To avoid 
confusion we call the mode directly coupled to the loop 
(Fig. 9) the black mode and the other the red mode. 
Then, since the red mode is so lightly loaded, we should 
expect it to build up to large amplitude, and hence the 
probe pattern for it to be of greater amplitude than that 
of the black mode. This is illustrated in the oscilloscope 
photographs shown in Fig. 11. These were made on 
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tube No. 47, which has a phase-revcrsing anode.  Be-
cause of the presence of the diametrically opposed wide 

fingers at right angles to the loop, the black and red 
modes are separated more in wavelength than in the 
case of the simple-fingered anode. In Fig. 11 the 

RED 4DDE SLICK 400E 

41111 -

Fig. 11—Oscilloscope patterns of rotating-probe tests in mode-C op-
eration. The left-hand column gives typical patterns for the red 
mode, while the right-hand column applies to the black mode. In 
each case the probe is being moved from a position near the mid-
dle of the fingers towards one end as one moves down the columns. 
The arrows represent the position of the coupling loop. A certain 
amount of the red mode is present in the first two black-mode 
pictures. 

rotating probe is moved from a position near the middle 
of the fingers (top photograph) to a point well within 
the ring at one end (bottom photograph). The loop 
position is seen to be in line with a maximum for the 
black mode (right column) and in between two major 
maxima for the red mode (left column). The presence 
of a certain amount of the red mode is also seen in the 
top two photographs in the black-mode column. 

VIII. OVERLAP MODEL OF PHASE-REVERSING ANODE 

The presence of the nearly degenerate pair of modes, 
the red and the black, presents, of course, an undesir-
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able situation for getting as much power as possible 
coupled out into the line. When the magnetic field and 
anode voltage are adjusted to the optimum values for 
the desired black mode, the red mode will, of course, 
be excited and cause the extraction of more or less 
energy from the electron cloud and its conversion into 
heat in the anode. In the perfectly symmetrical plain-
fingered anodes this should be more serious than in 
the phase-reversing anode. 
A general method for preventing the excitation of an 

unwanted mode in any magnetron is to detune the un-
wanted mode from the neighborhood of the wanted one. 
In the case of the squirrel-cage magnetron there are 
several ways in which this may be done. Since the two 
modes have their voltage nodes at different points on 

the line and in fact 90 degrees apart, any change in the 
shunt capacity across the line at the voltage loop of one 
mode will fall near a voltage node for the other mode. 
It will thus change the frequency of the first mode and 
leave the second almost unchanged. In our case we may 
most readily increase or decrease the capacitance at the 
node of the black mode, i.e., at the broad phase-reversing 
fingers. Direct decrease of the capacitance at this point 
would entail cutting off the ends of the broad fingers 
by a sizable amount, and it was feared that this might 
seriously distort the uniformity of the direct-current 
electric field in the interaction space. Hence, it was 
decided to increase the capacitance at these points. This 
is readily done by adding wide fingers to the outside of 
that half of the anode which does not bear the phase-
reversing fingers. This is illustrated in Fig. 12, where A 

EITERNAt OVE PPPPP ING PINDER 
FOR CAPACITIVE LOADING ONLY 

j 
PRASE REVEASIOu 

A 

fr 

Fig. 12—Longitudinal and transverse cross sections of the 
"overlap phase-reversing" anode. 

indicates the phase-reversing fingers and B the over-
lap fingers. They are so spaced as to produce consider-
able addition of capacitance across the line at this point 
and accordingly to shift the wavelength of the red mode 
to higher values. Fig. 13 shows the result on cold test 
and indicates the wide separation of the red and black 
modes which can actually be obtained by this method. 
When used as an oscillator this design gave very satis-
factory operation (see Fig. 16 for tube No. 57). 
A relative reduction in capacitance at the voltage nodes 

of the black mode was brought about by constructing 
a phase-reversing anode with finger tabs on all the 
fingers but the wide ones. The result was to shift the 

red C curve below the black C curve (Fig. 14). 
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IX. M ODE D AND HIGHER-FREQUENCY M ODES 

As indicated in Fig. 3, a definite mode, mode D, was 
observed in the neighborhood of 4 centimeters for a tube 
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Fig. 13—Cold-test tuning curves of the overlap phase-reversing 
anode. Note the wide separation of red and black modes com-
pared with the plain models (Fig. 10). Resonances were actually 
followed up as high as 11 centimeters. 

whose C mode was around 6 to 7 centimeters. By con-
structing a tube in the overlap model it was possible to 
increase the wavelengths of all the red (indirectly 
coupled) modes to such an extent that the sequence 
could be followed as far as red F before reaching the 
wavelength region where the power from the local cold-
test oscillator became too low for ease of observation. 
The results are shown in Fig. 13, and open up some 
interesting possibilities for future work. 

X. RIEKE DIAGRAMS 

The behavior of the donutron as determined by the 
loading conditions presented to it by the output line 
can best be shown on a standard Smith chart, as has 
been shown by F. F. Rieke in an unpublished work. 
This is a polar plot in which the absolute value of the 
reflection coefficient I KI of the load is plotted radially, 
while the distance 1 of the standing-wave minimum 
nearest the tube from, say, the tube flange fur-
nishes the angular co-ordinate according to the relation 
0= (21/X) X720 degrees. The position of the standing-
wave minimum is shifted by moving a pair of standard 
quarter-wave metal slugs along the coaxial line, while 
the value of I KI is altered by changing the separation 
of the slugs. The measured values of power and fre-

quency are entered at the values of 0 and I Ki for which 
data were taken and constant power and frequency con-
tours sketched in. 
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Fig. 14—Cold-test tuning curves for phase-reversing anode with 
finger tabs on all fingers (except the wide ones at the voltage 
nodes). 

150' 

Fig. 15—Rieke diagram for tube No. 57. This tube is a phase-revers-
ing overlap model ai!cl, although tube failure occurred before data 
near the matched-line conditions could be obtained, it would 
probably give the power center near the center of the diagram. 

A typical such curve is given in Fig. 15 where, al-
though the cathode failed before the data near the 
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power center could be taken, it is fairly clear that the 
maximum output power should correspond fairly closely 
to the center of the diagram—where the tube is matched 
to its load. 

XI. CONCLUSION 

In general, the donutron represents a considerable 
. departure from the conventional multicavity continu-1ous-wave magnetrons. The best models of the nearly  
sixty tubes which have been built to date give roughly 

, 50 watts at 40 to 50 per cent efficiency and tuning 
ranges of 1.50 to 1 or more. The total weight without 

, the magnet is only about 10 ounces, and the construc-

10  ZO  30  40  .1.0  6  70  BO  SO  100 

d( 0.001 INC H UNITS) 

Fig. 16—Tuning curve and power-output curve (at low current) of 
tube No. 57 (see Fig. 15). The relative flatness of the power curve 
is to be noted. 

tion is much simpler and less expensive than for con-
ventional strapped multicavity magnetrons of such large 
N value. The usual troubles due to mode jumping are 
almost entirely eliminated by this design, and a single 
value of anode voltage is satisfactory for the whole 
tuning range. The power output is satisfactorily con-
stant over the entire tuning range in most models (see 
Fig. 16, which illustrates the near flatness of the power 
curve for tube No. 57 over the tuning range of 8.8 
to 12.1 centimeters). The mode separation between the 
normally degenerate pair in mode-C operation is readily 
controlled by simple changes in the finger structure. 
The higher-voltage modes, such as the D, E, etc., should 
be examined more extensively. The use of large anodes 
with more than two pairs of phase-reversing fingers 
offers possibilities in the way of multiple standing waves 
in physically large anodes at centimeter or smaller 
wavelengths. The direct scaling to smaller wavelengths, 
as well as the extension of the tuning range, all invite 
further work. 
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Space-Current Division in the Power Tetrode* 
CLIFFORD M. WALLISt, SENIOR MEMBER, I.R.E. 

Summary—In the conventional power tetrode, when operating 
within the normal range of electrode voltages, changes in plate poten-
tial do not appreciably affect the total space current or its division at 
the grid plane. Furthermore, changes in grid potential, although 
affecting to a large degree the magnitude of the space current reach-
ing the screen plane, do not alter materially the division of this 
current between screen and plate. Making use of these facts, and 
taking into account the effect of initial velocities of emission and 
contact potential, each electrode current can be expressed in terms 
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August 19, 1946. 

t Department of Electrical Engineering, University of Missouri, 
Columbia, Missouri. 

of the 3/2 power of an equivalent voltage and an empirical function. 
These empirical functions can be plotted on a log-log chart in a man-
ner that allows the complete static curve data to be easily deter-
mined for any grid, screen, and plate voltage within the normal 

operating range. 
Methods of determining experimentally the empirical functions 

at low power levels are described. A sample log-log chart and an ex-
planation of its use are presented. 

INTRODUCTION 

HE EXPERIMENTAL determination of the 
electrode currents of a high-vacuum tube in the 
region of high positive control-grid voltages is 

not readily accomplished except by the use of special 

1 
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test equipment and techniques. " A number of ana-
lytical studies have been made to determine the 
theoretical relationships that govern the flow of space 
current in the triode and its division between the two 
receiving electrodes. In the multigrid tube the problem 
is much more difficult to treat in an analytical manner. 
The total space current in the tetrode, for example, is 
more or less a function of the three receiving-electrode 
potentials, and its division at the grid and screen 
planes also depends on these potentials. In addition, 
secondary-emission and the space-charge effects that 
occur within certain voltage ranges preclude the 
formulation of analytical expressions for the electrode 
currents which are sufficiently simple and comprehen-
sive for practical use. At best the problem can be 
solved only in an empirical manner. 
In the case of the triode, early investigatorsc' recog-

nized that, to the first-degree approximation, the divi-
sion of the space current between grid and plate for 
positive grid voltages is a function only of the ratio of 
these electrode voltages. This fact was verified by 
Myers,' and by Everett and Spangenberg. In a later 
paper Spangenberg" derived equations for the electrode 
currents and the division factor based on a study of 
the electron paths for a given electrode geometry. 
However, the effects of initial velocities of electron 
emission and contact potentials were not considered. 
In a recent paper dealing with the static character-

istics of the triode, Chaffee' discussed the effect of 
initial electron velocity and demonstrated that, in ex-
pressing the current density at any point, a small 
constant voltage added to each electrode potential 
serves as an approximate correction for initial velocity. 
He showed that the effect of space charge between 
grid and plate, which is evident at high grid and low 
plate potentials, can be taken into account by an 
empirical term which is a function of the grid- and 
plate-voltage ratio alone. Expressions for the total 
space current, grid current, and plate current were 
each derived in terms of the 3/2 power of the equivalent 
diode voltage and an empirical function. A method of 
plotting the three empirical functions on a log-log chart 

1 H. N. Kozanowski and I. E. Mouromtseff, "Vacuum-tube char-
acteristics in the positive-grid region by an oscillographic method," 
PROC. 1.R.E., vol. 21, pp. 1082-1096; August, 1933. 

2 E. I.. Chaffee, "Power tube characteristics,' Eledronics, vol. 11, 
pp. 34-42; June, 1938. 
s 0. W. Livingston, "Oscillographic met hods of measur ing  pos i-

tive-grid characteristics," PROC. I.R.E., vol. 28, pp. 267-268; June, 
1940. 

F. Tank, "Zur kenntnis der vor onge in elektrodenrohren," 
Jo/sr. der Draftlosen Tel. und Tel., vol. 20, pp. 82-87; August, 1928. 
• H. Lange, "Die stromverteilung in dreielektrodenrohren und i h re 

bedeutung fur die messung der voltaspannungen," Zeit. far Hoch-
/requests., vol. 31, pp. 1-18; June, 1928. 

• D. H. Myers, "Division of primary electron current between 
grid and anode of a triode," Proc. Phys. Soc., vol. 49, part 3, pp. 264-
278; May 1,1937. 

1. W. L. Everitt and K. Spangenberg, "Grid-current flow as a fac-
tor in the design of vacuum-tube power amplifiers," PROC. I.R.E., 
vol. 26, pp. 612-639; May, 1938. 
• K. Spangenberg, "Current division in plane-electrode triodes," 

PROC. I.R.E., vol. 28, pp. 226-236; May, 1940. 
.0 E. L. Chaffee, "The characteristic curves of the triode," PROC. 

I.R.E., vol. 30, pp. 383-395; August, 1942. 

was shown which allows the complete static character-
istic of the triode to be represented for a wide range of 
grid and plate potentials. One great advantage of this 
method is that the experimental data, from which the 
three empirical functions are determined, may be ob-
tained at low power level by conventional methods of 
measurements. 
It is the purpose of this paper to present a method 

of applying the above scheme to the power tetrode and 
to show that the same empirical relationships formu-
lated for the triode may be used in modified form to 
express the electrode currents in the tetrode. 

THEORETICAL DISCUSSION 

As previously mentioned, Chaffee' has shown that a 
small voltage designated as V, may be used as an 
approximate correction for 'the effect of initial electron 
velocity. Therefore, V, added to the potential V of 
any point in the interelectrode space would be the space 
potential necessary to give the same current density at 
that point if the actual cathode were replaced by one 
that emitted electrons with zero velocity. From the 
Child's Law equation for the current density, expressed 
in terms of (V+ V,), the following theorem and its 
corollary are shown to be valid: Within the limitations 
set by the above approximation, the current density at 
every point varies as (V+ Vg)312 , provided (V+ V) 
everywhere is altered proportionately. If the potential 
( V+ V1) everywhere in space surrounding all electrodes 
in a multielectrode tube is changed by some constant 
factor (X), each electrode current is altered by X". 
Consider now the tetrode tube. Assuming that the 

potential of the space just outside the cathode surface 
is the datum region of V, then to make (V+ V,) at all 
points vary by the same ratio, namely X, the measured 
grid, screen, and plate potentials, designated respec-
tively as e„, C., and ej„ must change in a manner such 
that 

c.' + 0, — O. + Vr = X(e. + 0, — 0. + Vs) 

e  X(e p ds, — 4,, + Vs) 

where the O's represent the electron affinities of the elec-
trode materials ad es', es', and e,,' are the measured 
electrode potentials corresponding to the condition 
that V'+ V, = X( V+ 1-1). If we denote (4.„  V,) by 
Ae9, (& -4,— V.) by tie,, and (0„-0,— V,) by ta,„ 
then, strictly speaking, to fulfill the above requirement, 
(es-6,e,), (e„--Ae„), and (e5—e0) must each be changed 
so that their ratios remain constant. 

Current Division at Grid Plane 

In the conventional screen-grid tetrode the screen 
shields the cathode from the plate to such a degree 
that, over wide ranges of plate voltage, changes in the 
plate voltage have negligible effect on the off-cathode 
gradient, and hence on the total space current of the 
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tube. Experimental results on a number of power 
tubes also indicate that the division of the space cur-
rent at the grid plane is affected but slightly by changes 
in the plate voltage. Refer, for example, to the graphs 
shown in Fig. 1, which are plotted from test data 
taken on a conventional type of power tetrode. Over the 
region where secondary emission effects are not present, 
the curves of (i0/io) versus e. show little change in the 
division ratio as the plate potential is varied over an 
extended range. Of course, with a high value of e, and a 
low value of e,, secondary emission effects cause some 
increase in the division ratio. However, this occurs only 
at values of plate voltage well below the normal opera-
ting range. 

CURRENT DIVISION AT GRID 
35-

PLATE VOLTS 
Fig. 1—Division ratio (idio) versus ep, 850 tetrode. 

In general, experimental data on a number of tubes 
indicate that, for fixed grid and screen voltages, the 
space potential and current density at any point in the 
space between cathode and grid and in the region 
around the grid plane are not materially altered by 
changes in plate voltage. Therefore, one may say, with 
close approximation, that to change (V+ VI) at every 
point in the cathode-grid region by some factor (X) only 
the conditions stipulated in (la) and (lb) need be ful-
filled. Hence, only (e9—e5) and (4-4,4) must be 
changed so that their ratio remains constant. This ratio 
is designated as L„. 

e, — Ae, ego 
L, — =  •-•—A. • 

e. —  6.  ea 
(2) 

In view of the theorems previously cited it is evident 
that for a constant value of Lo, the grid current (i5) 
and the combined screen and plate current (i.,) must 
each vary as the 3/2 power of a voltage measured from 
an origin that is displaced from the measured potential 
origin by the voltage increments Ae„ and tie,. 

GRID VOLTS 

371 

The curves in the e.— e5 plane for constant total space 
current (io) are similar to the constant i9 curves of the 
triode in the e9—e, plane, in that they are parallel and 
straight over a wide range of electrode voltages (see Fig. 
2). Within this region, assuming the above approxima-
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Fig. 2—Curves for constant values of is and  with grid voltage 
and screen voltage as co-ordinates, 850 tetrode. 

tion to be valid, the equation for io may be written as 

io  B[ego +  = B[ H3/2 [1 + u.1-l8"  (3) 

A 3/2 
g 

cs0  GO 

Poi  Age 

where B is the perveance of the tube, and th, 
with is constant. 

CONSTANT ie  CURVE  

SCREEN VO 

Fig. 3—Sample curves for constant is, i•s, and i5, showing 
method of determining F(Ls) and F",(4). 

At very low values of screen potential the curves in 
the e0—e, plane depart from the straight-line form be-
cause of the accumulation of space charge between 

, 
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the grid and screen. This departure from linearity may 
be treated as an empirical function of the ratio term Lg. 
Referring to Fig. 3, where a constant io curve is illus-
trated, let ea" be the screen potential for a grid 
potential ego that would give io if the linearity were pre-
served. Then 

ea T 
io  B[ego —  • 

Au. 

Letting z= (ea —eion), the above equation can be ex-
pressed in the following form: 

where 

io = B[ —e.0 112 [1 + 9,L plan • F(I, g)  (4) 
M91 

F(L 9) =[1 
z/e.0 1312  

1 +  j 

From Fig. 3 it may be shown that F(L9) may also be 
expressed as 

312 
F(L 0 )  =  [ 1— "—ea°  

ea 
(5) 

which is somewhat more convenient to use. 
The current that passes on beyond the grid plane is 

(ie-Fip) =1„. Assuming the plate potential does not 

influence the current division at the grid, the curr,ents 
ig and i„ can be expressed likewise as functions of ea 
and Lg. Hence, 

and 

where 

ea 312  

isp =  [1 + /.19,Lg13/2.F„(4)  (6) 
Aos 

ig = 15[---  [1 + A„L gjals•Fg(L„) 
ea 

Mu' 

Fg(Lg) = F(L 5) — F„(L g). 

(7) 

The validity of the 3/2 power relationship expressed 
in (4), (6), and (7) appears to be well substantiated by 
the test results on a number of tetrodes. 
As used in (6) and (7), the functions F„(Lg) and 

F5(L9) are the current-division factors whose sum is 
F(Lg). For any value of Lg their values are found 
from the constant i„ and constant ip curves (also illus-
trated in Fig. 3) in conjunction with the extended linear 
portion of the constant io curve. These three curves are 
obtained experimentally at the same current magnitude. 
Since i0,1„, and ig each vary as the 3/2 power of ea along 
any constant Lg line, and since F(L9) has been de-
termined as in (5), it follows that 

and 

ea" 3/2 
Fip(1. g) = [ eav]  (9) 

[e.0 1" 2 

emo 
(10) 

where e,ov and ea" are the screen potentials marking the 
intersections of the constant i„ and ig curves, respec-
tively, with the Lg line. 
The tests necessary to obtain the data from which 

these functions are calculated are described in Ap-
pendix A. The displacement voltages Aeg and Ae, are 
calculated by means of (20) and (21). 

Current Division at the Screen 

Tests on a number of tetrodes having different elec-
trode shapes show that the division of the space current 
(i„) at the screen plane is remarkably independent of 
the grid potential over the normal operating range of 
the plate potential. The graphs of ipii„ versus eg for 

CURRENT DIVISION AT SCREEN  
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Fig. 4—Division ratio i,/i, versus eg, 850 tetrode. 

the 850 tetrode, shown in Fig. 4, are a good illustra-
tion of this point. Although the grid potential is a 
major factor in determining the magnitude of the 
combined screen and plate current, a change in its value 
produces practically equal percentage changes in either 
electrode current. 

For a tetrode with a fixed grid voltage, the static 
curves in the ep—e, plane for constant i„ are also essen-
tially straight and parallel over a wide range of plate 
and screen potentials, as shown in Fig. 5. Within this 
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region, for any fixed value of grid potential an equation 
for i„ could be written in the form 

i.„ = C [ea, + 
Asp 

where p„ is the slope of the constant i„ curves. As 
these are nearly vertical to the screen-voltage axis, the 
value of Asp is extremely large. 
Suppose now that the control grid of the tetrode were 

removed. To give the same current (i.„) in the triode 
thus created, with the same division ratio at the screen 
plane, both the screen and plate voltages would have to 
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Fig. 5—Curves for constant values of io and i., at fixed values of 
e, with screen voltage and plate voltage as co-ordinates for 850 
tetrode. 

be changed to certain new values which we will desig-
nate as eat,' and epo'. The new equation expressing lap 
for this condition is 

He p e 

[  1.1 OP T 

1p  =  C   -  

Asp  L 

where Lp1=e„o'/Go'. If L; is constant, then, as a 
triode, i., must vary as the 3/2 power of epo' according 
to the theorem previously cited. Therefore, n' must be 
equal to 3/2, and we have 

e 01 3/2 3/2 

isp  C [ It  [1 +  -2!ti ]  .  (12) 
L ' 

of the voltage measured from an origin displaced from 
the e.e, epo origin by the voltages Se,' and Se;. 
Both Se.' and se,' are directly proportional to ego as 

demonstrated by their graphs for the 850 tetrode, 
shown in Fig. 6. Although considerable time has been 
spent in trying to determine the theoretical relationship 
between these displacement voltages and ego, no con-
cise expressions have been obtained. However, in the 
case of Se,' it can be shown that, to the first degree of 
approximation, se.' =µ„,ego. Values of Se1' calculated 
from this relationship agree reasonably well with the 
experimental values of se.' plotted in Fig. 6. 

The voltages e,o' and epo' are the equivalent triode 
voltages that screen and plate must have in the absence 
of the grid to produce the same i„ that exists in the 
tetrode when its electrode potentials are ego, e,o, and 
epo. If we let a = (ea —Se.') and epo' = (epo —Sep% then 
(12) states that, for a fixed value of ego, along any line 
of constant Lg' the current i,„ varies as the 3/2 power 

Fig. 6—Experimental values of Ae.' and Ae,' versus eg, 850 tetrode. 

The voltages Se.' and he; are similar in nature to 
the increment voltages Se5 and Se4 used in determining 
the current division at the grid plane, since they locate 
the potential origin from which the 3/2 law is applicable. 
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Fig. 7—Experimental values of i., versus  for constant 
values of .L,', 850 tetrode. 

Experimental values of iip plotted as a function of 
epo' on log-log scales for various fixed values of ego 
and L,' are presented in Fig. 7. It may be noted that 



374  PROCEEDINGS OF THE I.R E. April 

1 

the graphs are reasonably straight and have a slope of 
3/2 over a wide range of eno' values. 
A constant i,„ curve is illustrated in Fig. 8. At low 

values of plate voltage the curve deviates from the 

Fig. 8—Sample curves for constant i., and ip showing 
method of determining F9(41). 

linear form due to the space-charge effects previously 
discussed. This departure from a straight line may be 
treated as a function of L,' in a manner similar to that 
used in analyzing the current division at the grid plane. 
By so doing, the more general form of (12) becomes 

e,01 3/2 u 3/2 

lap = C.[- - ]  [1 +  •F(L,').  (13) 
map  L' 

However, this deviation from linearity occurs at plate 
voltage well below the screen voltage, and consider-
ably below the normal operating range (see Fig. 5). 
Therefore, for all practical purposes F(L;) may be 
assumed to be unity and (12) used to express is„. 
Since in and i8 are also functions only of epo' and L; 

similar expressions for these quantities can be written 
as 

epo] " [  / 1 
=  C  [ - 2 p  1  Fp(L;)  (14) 

Pip  LP' 

and 

is =  3/2  1 + —P8P "2- F.( 41) •  (15) 
Pap  L ' 

The plate-current division function F,(L,') is de-
termined from the constant lap curve and the constant 
in curve, both having been obtained for the same cur-
rent magnitude, and at the same grid voltage. The 
latter curve is also illustrated in Fig. 8. Since is,,, in, 
and is vary as the 3/2 power of epo' along any line of 
constant Lpi, it follows that 

3/2 Fp(L;)  = [.p01 

ep021 

where en01' and epol' are the plate potentials, measured 
from 0', marking the intersection of the constant L,' ; 
line with the constant isp and ip curves, respectively. 
The values of F.(Lp') are readily obtained from the . 
relationship 

F.( 4') = 1 — Fp(L,').  (17) 

The peculiar pattern of the constant ip curves is due to 
secondary emission from plate to screen. In this region 
the 3/2-power relationship between in and epo' and be-
tween i, and epo' is not valid, of course. 
The experimental method of obtaining the Ae.' and 

Ae; voltages, and the Fp(L,') functions for various values 
of e50 is outlined in Appendix B. 

Log-Log Chart for Tetrodes 

The various functions F(L„), Fg(L,), F.„(4), and 
Fp(Lp') may be plotted on a chart using logarithmic 
scales in a manner that will give the complete static 
characteristics of the tetrode for any combination of 
electrode voltages within their normal operating range. 
A sample chart is illustrated in part in Fig. 9. Values 
of screen voltage (e,o) are read along the abscissa. At 
the left is an ordinate scale for current and at the right 
an ordinate scale for (1 -1-pg.4). Lg is also marked along 
the latter scale, corresponding to 14„ =5.0. In this 
chart the "reference current" (i,), having the same 
ordinate as L5=0, is chosen as 100 milliamperes. This 
is a convenient value for a 100-watt power tube. 
Equation (5) written in logarithmic form is 

rop,.312]  3  3 
log   log eso  — log [I + 

2  2 

+ log F(Lo). 

e.  VOLTS 

Fig. 9—Sample log-log chart to show construction and 
use of F(Le) functions. 

(18) 

Suppose for the moment that the constant io‘ciPves, 
(16)  the one for io=i, being shown in Fig. 3, were all straight 

lines, thereby making F(L9) equal to unity and log F(Lg) 

1 
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equal to zero. The plot of (1 1-µ„L,) versus 40 for a 
constant total space-current of i, would then be the 
.45-degree line drawn on the chart of Fig. 9. This line 
intersects the L1=0 ordinate at the point P corre-
sponding to the intersection of the constant io=i, curve 
with the screen-voltage axis at the potential e,o" in 
Fig. 3. The line marked "3/2 power line" in Fig. 9, 
and whose slope is 3/2, is the plot of (18) when L,=0 1 and F(L,)= 1. 
For any value of L, greater than zero, F(L,), F.,(L,), 

mild F,(Li) will have values less than unity. By use of 
.the special F(L) scale on the lower left-hand side of the 
chart, these functions are plotted against L,. This is 
done by projecting values of L, from the right-hand 
scale over to the 45-degree line and then downward. 
The functions are then plotted on the F(L) scales against 
) their values of L, as abscissa. 
1 Equation (18) indicates that the total space current 
i. for any value of L, can be obtained by adding to any 
ordinate of the 3/2 power line a constant length cor-
responding to 3/2 log [1-1-µ„L,[ and subtracting a 
i length equivalent to log [1/F(L,)1. The manner in 
i which this is accomplished is illustrated by the dotted 
: lines for an assumed value of L,= 0.6 and e,0=450 volts. 
The projection from point (d) determines io since the 
1 vertical distance between points (c) and (d) corresponds 

i to log [II F(L,)]. 
The same procedure and arguments are valid in 

determining the current i„ and 1,. For example, i, is 
found by projecting from point (b) downward to the 
F,(L,) curve, and then upward with a 3/2 slope to the 

ea abscissa line. 

Fig. 10—Sample log-log chart to show construction and 
use of F,(L,') functions. 

is illustrated. Comparing (12) and (14), it may be seen 
that the plate current can be expressed as 

Using the expression for i„ given in (6), 

To explain the method of handling the F,(L,') func-
tion on the log-log chart, the chart of Fig. 9 is repeated 
in Fig. 10 with only the F„(L,) curve drawn. The 
graphical solution of i„, in accordance with (6) for 
arbitrarily chosen values of L,= 0.6 and e.o= 450 volts, 

B[e.0  — ]  [1 + pa.,P1' F.,(L,)-F,(L,').  (19) 
fe 

Therefore, on the log-log chart the value of i, may be 
found by subtracting from the i„ point on the left-
hand current scale a vertical distance equivalent to 
log [1/F,(L;)]. In order to do this graphically the 
F(L') function is plotted on the chart shown in Fig. 10, 
using the (1-1-µ,.L,) scale on the right. The F,(L,') 
function may be plotted in exactly the same manner as 
the other functions are plotted—the F.,(L,) function, 
for example—so that any vertical distance between 
this curve and the i, line is equal to log 11/F,(L;)]. 
However, since there is a F,(L,') curve for each value 
of grid voltage, some confusion between these and the 
other function curves would result if all were graphed in 
this manner. A more convenient place for the F,(L,') 
curves is along the 45-degree line, where each is plotted 
in such a way that, for a given L,', the horizontal 
distance between the F,(L,') curve and the 45-degree 

line is equal to 2/3 log El/F,(L;)]. 
The procedure used to plot these curves is illustrated 

by the dashed lines for an assumed value of I.; = 1.7. 
The point (J is first located by projecting the 'value of 
L; over to some point (o) on the 45-degree line and 
thence downward to the calculated value of F,(L,Ton 
the lower left F(L) scale. The vertical distance gf is 
equal then to log 11/F,( 41)]. A line of 3/2 slope 
through point (f), intersecting the (1,) line at point (h), 
gives a horizontal distance gh or ol that is equal to 2/3 
log [1/F,(L;)]. Point (1) is a point on the F(L,') curve 
for this particular value of L,'. Other points on the curve 
are located in a similar manner. 
Using the illustrative F,(L,') curve, the plate current 

for the arbitrarily selected values of L,' and ea is also 
indicated by the dashed lines in Fig. 10. Assuming 
that i„ has been found by the method previously 
outlined and that the projection line of 3/2 slope is 
drawn from point (e), the point (k) is located as shown 
in the figure. It should be noted that point (k) is dis-
placed vertically downward from this line by a distance 
equal to log [1/F,(L;)]. Hence a line of 3/2 slope 
through (k) and intersecting the e.• abscissa line de-
termines the plate current for the assumed conditions. 
The screen current is readily found by subtracting 1, 
from i„. A complete log-log chart for a sample power 
tetrode is shown in Fig. 11. 
Log-log charts similar to the one shown are useful in 

several ways. First, the chart presents in a compact 
form the static-characteristic data of the tube. Com-
puted from test data which may be obtained by 
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conventional methods of measurement, it furnishes a 
means of extrapolation whereby one may determine 
the electrode currents at high values of electrode 
potentials. Second, a comparison of the operating 
characteristics of tubes of the same power rating may 

e..  VOLTS 

Fig. 11—Complete log-log chart for 850 tetrode. 

easily be made. For example, the evaluation of the per-
veance term "B" is useful in making such comparisons. 
This can be determined from the chart as follows: Since 
the "3/2 power line" gives i, for L5=0 and any value 
of e,o, the intersection of this line with the abscissa line 
for eao =10014, gives a value of io equal numerically to 
1000 B. 
Another point of comparison that can be made from 

the log-log chart is in the study of the space current 
division at the grid and screen of the tube. For any 
value of L5, the ratio of the grid to total space-current 
can be determined. Also for any value of L„' the ratio of 
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Fig. I2—Graphs of i.5 and ig versus e, for 850 tetrode. Solid 
lines are chart values; dashed lines are test values. 

the screen-to-plate current may be found. In general, 
tubes for which the F5(L0) and F.9(L5) curves are rela-
tively close together will have relatively high grid cur-
rent and hence high grid losses. Tubes for which the 
F,(L;) curves are close to the 45-degree line will have 
low screen currents and consequently low screen losses. 

April 

The question of accuracy of the chart is of primary 
importance. A fair estimate of this point may be gained 
from Figs. 12 and 13, where a few sample curves are 
compared. In these figures the solid lines are graphs of 
current values determined from log-log charts, whereas 
the dashed-line curves are plotted from experimental 
readings. Space does not permit the inclusion of addi-
tional illustrative data to answer this question more 
fully. However, for the several tubes on which complete 
results were obtained, the chart values do not deviate 
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Fig. I3—Graphs of ip versus e, for 850 tetrode. Solid lines 
are chart values; dashed lines are test values. 

in any case more than 10 per cent from the measured 
values, and in most cases the difference is less than 5 per 
cent. It should be emphasized, however, that the log-
log chart does not give correct results for the tetrode in 
the region of secondary emission from plate to screen. 
But since the tube is not normally operated to produce 
plate voltage swings into this region, this is not a 
serious limitation on the use of the chart. 

CONCLUSION 

Although the experimental data presented in this 
paper are confined to that obtained on one sample tube, 
complete data on three different types of tubes were 
determined to check the theoretical deductions. In 
addition, to further verify the soundness of certain of 
the assumptions made in the analysis, tests on other 
tubes were also performed. Each one of the three types 
on which most of the experimental work was done has 
a different electrode conformation. The electrodes of 
one simulate the parallel-plane type, the second has 
cylindrical electrodes, and those of the third are more or 
less rectangular in shape. All are rated as 100-watt 
tubes. Measurements of the electrode currents at high 
electrode voltages were made by the method described 
by Chaffee.2 
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APPENDIX A 

Experimental Determination of Se5, and Se9 and F(L9) 

iFunctions 

" It is advantageous first to procure the data for the 
curves in the e,— e, plane for constant values of ig, 19, .and 
i„. When doing this the plate voltage may be adjusted 
to a value within its normal range, or, for convenience, 
the screen and plate may be tied together. Usually sev-
eral curves for other constant values of ig are obtained to* 
procure a good average value of ti,„. 
The following procedure should be used to determine 

. the displacement voltage Se, and Se5. The measured 
! grid and screen potentials are adjusted to approximate 
equality to minimize secondary emission effects, and 
are also adjusted to give a convenient magnitude of 
i„„. Both 1,„ and i9 are measured. The measured values 
of e, and e, may be plotted as a point on the constant 
• current curves sheet. Such a point is shown, for example, 
as PI in Fig. 2. A second point P 2 is then found at 
which the ratio 42/1. 0 is the same as at Pi. To increase 
the accuracy, a third and fourth point may be located 
in a similar manner. These points should lie on a straight 
line that passes through the origin of eo and 40 accord-
ing to the theorem that the ratio of the two currents is 
constant if the ratio ego/e.o is held constant. Since 
both currents vary as the 3/2 power of either e.0 or ego 
along this line, then 

or 

from which 

isp2 [e,2 — Seim 

ispl  e.i — Ae. 

isp2 

ispl 

bag = 

Ae, = 

reg2 — Ae,13/2 

Leo, — AegJ 

isp2]213  
e g 

ispl 

[ 1213  
1 

ispl 

— es2 

ispl 

[ 1 213  
1 

ispl 

(20) 

(21) 

By determining three or more points, several calcula-
tions of Se, and Se. can be made and their values aver-
aged. These experimental points are shown in Fig. 2 
to illustrate the degree of accuracy with which they fall 
in a straight line. Table I gives the values of Se9 and 
Se, calculated from these points. 
The displaced origin having been located in the above 

manner, L, lines are drawn, and from these and the 
constant-current curves the functions F(L,), F.,(L,), 
and F9(L9) are determined by (5), (9), and (10). 

Secondary emission is a troublesome factor over cer-
tain ranges of the grid and screen potential. To minimize 

TABLE I 

Points Ale, Ae. Average 

Ae,= —4.5 volts 
U.= —2.1 volts 

850 Tube 
850 Tube 
850 Tube 

P1 and /32 
Pi and /32 
P2 and Ps 

—4.5 volts 
—4.5 volts 
—4.6 volts 

—1.8 volts 
—2.0 volts 
—2.4 volts 

this, a constant-grid-current curve for 4=4/10 in 
conjunction with io = it. line may be used to determine 
Fo(L,). When this is done, the values of F9(L5) are ob-
tained by dividing the 3/2 power of the voltage ratios 
by 10. 

APPENDIX B 

Experimental Determination of Ae.', Ae; and F(L;) 
Functions 

The curves in the ep—e, plane for constant values,of 
i,„ and i, at a fixed grid potential should be obtained be-
fore one attempts to determine se.' and Se91. These 
curves may be taken at any equal current magnitude, 
provided it is one that places the curves well away from 
the plate-voltage axis. Curves for as many grid voltages 
as desired are taken. Such experimental curves are 
shown in Fig. 5. 
The procedure used to determine the displacement 

voltages Se,' and se; is identical to that used in finding 
Se9 and Se5, except that added precaution is necessary 
to avoid secondary emission from either screen or plate. 
To do this, the points where the current ratio (19/i,) is 
made equal should be located in a region where the 
plate voltage is not greater than twice, and not less 
than the screen voltage. Usually it is desirable to ob-
tain readings for three or more points. Referring to 
Fig. 5, it may be seen that the region where secondary 
emission from the plate starts is easily discerned, as the 
constant i9 curves break quite suddenly. 
The above figure shows the points of constant (i„/i.) 

used to determine the displaced origin. These lie on a 
straight line, which substantiates the theory that 
(it/i.) is constant along any line of constant L,'. Denot-
ing by epol', eat% epos', and eon', the voltage co-ordinates 
of any two points on the line, and is and 4,2 as the plate 
currents at these points, the displacement voltages are 
calculated by the equations 

epO dip2iip d 213  elm 
bap' — 

= 

[ip2iipli 2/3  1 

esOl[ip2iip1] 213  e,02 

[ 42/ 411 2/3  1 

(22) 

(23) 

After the displaced origin for a particular grid voltage 
is located, L„' lines are drawn from it and values of 
F,(L,') for assumed values of (L„') are calculated by 
(16). 
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Correspondence 

Acoustic Preferences of Listeners 
The engineering profession has shown de-

cided reticence in conducting experiments 
directed at determining .the acoustic prefer-
ences of listeners. Such experiments are ad-
mittedly difficult to make, and this fact has 
deterred many workers. Too many engineers 
have felt that listener preference was of no 
concern and that the parameters of an ideal 
reproducing system were obvious. If the 
public disagreed, its aesthetic deficiency was 
deplored. Listener preferences and engineers' 
concepts of what they should be have been 
rather divergent for too long. I wish to 
congratulate Messrs. Eisenberg and Chinn 
for conducting experiments of this kind.' 
It seems to me that one matter of con-

cept has not been adequately appraised. A 
reproducing system can function in either of 
two ways: to create the illusion (1) of taking 
the listener to the performance, or (2) of 
bringing the performance to the listener. 
The former may be the most desirable, and is 
probably capable of reproducing "sound like 
the original." However, it requires • the 
listener to wear headphones, and for com-
plete realism a binaural system must be 
provided. Loudspeaker reproduction falls 
in the latter class. A single-channel system 
naturally sacrifices the illusion of perspec-
tive, but further compromises are also in 
order. Few people care for full orchestral 
volume in their living rooms and this forces 
consideration of the equal-loudness contours. 
Listening to a single sound source with both 
ears at a different volume, with the added 
effects of the local acoustics, cannot possibly 
"sound like the original." We should realize 
that the system is one particular form of 
synthesis, and optimum performance will re-
quire consideration of factors peculiar to 
that system. The engineer should strive to 
discover and understand those factors. There 
is a perfection to seek within the confines of 
the system, even though it cannot be ab-
solute. We can be assured of one thing: 
the general public is quite unbiased in its 
judgment. 
Experiment to determine how much 

usage or habit is a factor influencing prefer-
ences should not be neglected. Its importance 
was quite evident to those working directly 
with the public during the transition from 
horn- to cone-type loudspeakers. At first 
the cone sounded "fine for music" but the 
horn was judged "better for voice" because 
it was "plainer." After a week or two some 
customers felt that something had gone 
wrong with their horn speakers, particu-
larly if the dealer had removed it during the 
test interval so that direct comparisons had 
not taken place. What had really hap-
pened, of course, was that listening prefer-
ences had evolved with usage. I feel that 
data which do not include this factor will 
have rather limited value. 
We should not expect too much of the 

transmission system in making the reproduc-

H. A. Chinn and P. Eisenberg. 'Tonal-range and 
sound-intensity preferences of broadcast listeners." 
PROC. I.R.E..vol. 33, pp. 571-580; September. 1945. 
Discussion: vol. 34, pp. 757-761; October, 1946. • 

tion more pleasing than the original sound. 
When this can be done there is a basic fault 
at the source, and a major effort should be 
made to remedy it there. It is a justifiable 
interim technique but a questionable long-
range objective. I recently heard one of the 
world's greatest pianists overload a concert 
grand piano by some le or 15 decibels. If the 
timbre had remained unchanged at the 
higher levels I would have enjoyed the con-
cert more, but I doubt that any transmis-
sion system could have helped. On the 
other hand, I have more than once wished I 
could inflict a tone control on the brass sec-
tion while attending an original performance. 
Such aesthetic preferences are primary con-
cerns of people other than the engineer of 
the reproducing system. He may be able to 
help at times, but the primary responsibility 
belongs elsewhere. 

LAWRENCE V. WELLS 
Wilcox-Gay Corporation 

Charlotte, Michigan 

Tonal-Range and Sound-Intensity 
Preferences of Broadcast Listeners 

As for audience tastes and reactions, it 
must be remembered that this is a variable 
factor and one to a large extent determined 
by past conditioning. The "it" girl of the 
gay '20's looks odd today, and the "high-
fidelity" radio receiver of fifteen years ago 
might sound like a tinny phonograph now. 
Hearing accustomed to a mediocre radio 
receiver or sound system, with a cutoff at 
about 7000 cycles, will react with a feeling 
or "tinniness" and "harshness" to a wide-
band system which passes 10- to 15-kilo-
cycle signals. 
The terms "high-fidelity" and "distor-

tionless" are loosely used, and actually have 
no real meaning since fidelity standards are 
so hopelessly inadequate. The radio sets of 
twenty years ago were also billed as "clear as 
a crystal," "high-fidelity," "distortionless," 
"program sounds as if in the next room," 
etc., but they sound anything like that to-
day. 
The field of audio distortion, like lens 

distortion in optics, is a highly complex 
field. Audio systems may simultaneously 
generate some half-dozen types of distortion 
when subjected to complex signals—har-
monic, intermodulation, frequency discrimi-
nation, phase shift, frequency modulation, 
frequency shift, and transient distortion. 
More adequate distortion-rating standards 
will have to be set up before audio systems 
can be rated as "high-fidelity." 
Audio systems are sometimes called 

"distortionless." Just as there is no such 
thing as a distortionless lens system, there 
is no such thing as a distortionless audio 
system. A system rated as such might 
actually develop up to 10 per cent fre-
quency-modulation distortion in the trans-
ducer units, transformers, and capacitors, 
up to 10 or 15 per cent over-all inter-
modulation distortion; and considerable 
transient and nonlinear phase-shift dis-
tortion. 

Mr. Chinn and Mr. Eisenberg' evidently 
rated their system at a fraction of 1 per 
cent distortion with the old single-sine-
wave-frequency method, which is wholly 
inadequate. If they subject their system to 
complex-signal tests, such as triple-odd-
order-frequency sine-wave intermodulation 
tests; to square and triangular waves; to 
pulse signals; and to frequency-modulation 
distortion tests, they may find one answer as 
to why their audiences reacted with a sense 
of "harshness" to their wide-band (but not 
necessarily distortionless) audio system. 

TED POWELL 
Engineering Development Section 

A. B. DuMont Laboratories 
•  Clifton, New Jersey 

Contributions to 
Wave-Guide Theory 

Discussion with friends makes it evi-
dent that my paper' did not emphasize suffi-
ciently the important part played by Dr. 
Julian Schwinger in the development of the 
concepts exhibited therein. Inasmuch as sev-
eral articles on the same subject have ap-
peared in various journals (and many more 
are doubtless scheduled to appear), further 
comment seems appropriate. 
The concept of an equivalent transmis-

sion line for a wave guide appears to have 
been first utilized by Schelkunoff, at least in 
this country. The general idea of impedance 
representation of discontinuities appears to 
have been used by workers in many labora-
tories as early as 1942. In 1943 the author 
worked on wave-guide discontinuities using 
methods suggested by the work of Hahn' 
and by Smythe' (who had extended Con-
don's work 4 in a set of notes used in a 
graduate course at the California Institute 
of Technology) and solved all of the prob-
lems treated in the paper.' Judging from 
publication dates, Schelkunoff'.' at Bell 
laboratories and Whinnery and Jamieson.7.1 
at General Electric were using the same 
methods on the same problems. Smythe had 
also suggested the use of static approaches 
such as conformal mapping in these prob-
lems, and such methods were evidently 
appreciated by Whinnery at General Elec-
tric and by workers at the Massachusetts 
Institute of Technology. 
In the early part of 1944, the author had 

the good fortune to pursue the study of dis-

13. W. Miles. "The equivalent circuit for a plane 
discontinuity in a cylindrical wave guide." PROC. 
IRE., vol. .34. pp. 728-742 ; October. 1946. 
I W. C. Hahn. 'A new  method  for  the  calculation  

of cavity resonators." Jour. A M. Phys., vol. 12. 
pp 62-68; January. 1941. 
physics c‘s'1014. 1c."SmCaYltilti.e. "Notes inst.ofT  for graduate Pasadena. ccoalurifsc. 
1943. 

E. V. Condon, 'Microwave theory." Rev. Mod. 
Ph.. October. 1942. 

S. A. Schelkunoff. "Impedance of a transverse 
wire in a rectangular wave guide." Quart. A pp. Mails.. 
vol. 1. April, 1943. 

S. A. Schelkunoff. 'Impedance concepts in wave 
guides." Quart. App. Math., vol. 2. April. 1944. 

J. R. Whinnery and H. W. Jamieson. 'Equiva-
lent circuits for discontinuities in transmission lines." 
PROC. IR E., vol. 32, pp. 98-114; February . 1944 . 
• J. R. Whinner y and H. W. Jamieson, "Coaxial-

line discontinuities,' PROC. I.R.E.. vol. 32. pp. 695-709. November. 1944. 
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continuities at the Massachusetts Institute 
of Technology Radiation Laboratory. There, 
a group composed of Drs. Julian Schwinger, 
Frank Carlson, Robert Whitmcr, A. E. 
Heins, David Saxon, Paul Marcus, and 
others were all working on theoretical prob-
lems in wave guides, using, for the most 
part, methods developed by Schwinger. 
Among the contributions which appear to be 
solely due to Schwinger were: 
(a) The variational method of solution 

for the electric field in the aperture. 
(b) The realization that, in the general 

case of a plane discontinuity, two linearly 
independent fields were necessary, with the 
result that even a plane discontinuity 

I generally requires a four-terminal network 
I for its representation. 

The author generalized the method used 

by Schwinger if at. by placing it in dyadic 
form, developing independently the method 
in terms of the current flowing in the plane 
of the discontinuity (Schwinger was evi-
dently well aware of this possibility, and 
Marcus had developed it independently by 
an inversion of the integral equation for the 
aperture field), and developing the possi-
bility of a pi representation (of which 
Schsinger was also aware). 
In addition to Schwinger's methods, 

Bethe's small-hole theory' was then in gen-
eral use at the Massachusetts Institute of 
Technology. 
Other methods suggested by the British 

(in as-yet-classified documents) were also in 

• H. A. Beebe. 'Theory of diffraction by small 
boles.' Phys. Rec. vol. 66. pp. 163-182. October I. 
1944. 

use, including certain rather powerful static 
approaches and an electrodynamic analogue 
to Babinet's principle in optics. 
It is inevitable that, due to the necessities 

imposed by military security, the exact 
origin of many research contributions dur-
ing the past five years will remain obscure, 
but it was certainly not the author's intent 
to attempt to take any of the credit for 
Schwinger's invaluable contributions to 
wave-guide theory. No one who had had the 
good fortune to work with him can express 
aught but regret that Schwinger has not 
seen fit to publish his brilliant work in this 
field. 

JOHN W. MILES 
Department of Engineering 

University of California 
Los Angeles, California 

Contributors to the Proceedings of the I.R.E. 

WILLIAM ALTAR 

William Altar obtained his Ph.D. degree 
in physics and mathematics at the Univer-
sity of Vienna in 1923, and studied electrical 
engineering at the Technical University. 
After a few years as an industrial research 
engineer, he went to King's College, London, 
where he did research work on save propa-
gation. 
Coming to the United States in 1929, he 

became assistant professor of physics at 
Pennsylvania State College, where he stayed 
until 1935. This was followed by a two-year 
fellowship in chemical physics at Fricks 
Chemical Laboratory, Princeton. He then 
sailed for Istanbul, Turkey, where for two 
years he taught electrical engineering at 
Roberts College. 
After teaching electrical engineering at 

Case School from 1940 to 1942, he joined the 
Westinghouse Research Laboratories as an 
engineer on microwaves. He has been asso-
ciated with the radar development program 
from Pearl Harbor to the capitulation of 
Japan. 
A member of the A.I.E.E., Dr. Altar has 

written many papers on theoretical physics, 
chemical physics, electrical power transmis-
sion, and radio. 

Lloyd J. Anderson s as born on Decem-
ber 18, 1917, at Salt Lake City, Utah. He at 
tended the University of California in Los 
Angeles from 1935 to 1939, where he re-
ceived the A.B. degree in chemistry. He did 
physical chemical work at Scripps Institute 
of Oceanography of the University of Cali-
fornia at La Jolla. He received the M.A. de-
gree in oceanography from the University of 
California in 1942. Since that time, Mr. An-
derson has been a physicist at the United 
States Navy Electronics Laboratory in San 
Diego. He is a member of the American 
Chemical Society. 

LLOYD J. ANDERSON 

F. H. Crawford was born at Dickinson, 
North Dakota, on July 5, 1900. He was 
graduated from the University of North 
Dakota with the B.S. degree in 1920, and 
thereafter spent three years as a Rhodes 
scholar in Oxford, England. Returning to 
this country, he spent 1923 and 1924 doing 
graduate work and teaching physics at 
Northwestern University. He then pro-
ceeded to Harvard, where he received his 
Ph.D. degree in 1928. He was instructor of 
physics from 1928 to 1930 and assistant pro-
fessor of physics and chairman of the Board 

of Tuturs in Natural Science during 1930 to 
1936 at Harvard. He was visiting professor 
of physics at Williams College in 1936 and. 
1937, and was made Thomas T. Read profes-
sor of physics there in 1937. His special sub-
jects are molecular spectroecopy and ther-
modynamics. In July, 1943, he went on leave 
of absence to the Radio Research Labora-
tory, and served until the end of the war as 
special research associate in the field of 
magnetrons. 
Dr. Crawford is a Fellow of the American 

Physical Society, the American Optical So-
ciety, and the American Academy of Arts 
and Sciences. 

John P. Day was born on January 17, 
1919, at David City, Nebraska. In 1940 he 
received the B.S. degree in physics from the 
California Institute of Technology; he also 
studied physics in the graduate school dur-
ing 1940 and 1941. From 1941 to 1943 he was 
engaged in aircraft radar development at the 
Naval Research Laboratories. Since 1943 he 
has been employed in the Research Depart-
ment of the United States Navy Electronics 
Laboratory in San Diego, California. 

F. H. CRAWFORD 
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JOHN P. Day 

Clemens H. Freres (A'46) was born on 
March 5, 1917, in Racine, Wisconsin. He re-
ceived the B.S. degree in electrical engineer-
ing from the University of Wisconsin in 
1942. He has been employed since 1942 at 
the United States Navy Electronics Labora-
tory in San Diego, California. 

Milton D. Hare was born at Moncton. 
New Brunswick, Canada, on May 9, 1914. 
He received the A.B. degree from Pacific 
Union College in 1937, and in 1939 the A.M. 
degree from Stanford University. From 1937 
to 1941 Mr. Hare was a member of the phys-
ics faculty of Pacific Union College. In 1941 
he joined the staff of Atlantic Union College 
and served as professor of physics and math-
ematics until the summer of 1943. From then 
until the close of the war he was engaged in 
vacuum-tube development work at Radio 
Research Laboratory, Harvard University. 
In the fall of 1945, Mr. Hare joined the 

Bell and Howell Laboratories, Chicago, Illi-
nois. Since September, 1946, he has been 
head of the department of physics, Union 
College, Lincoln, Nebraska. He is a member 
of the American Physical Society. 

Stewart E. Miller (M'46) was born at 
Milwaukee, Wisconsin, in 1918. He attended 
the University of Wisconsin for three years, 
and was there elected to Tau Beta Pi and 

CLEIdENS H. FRERES 

Eta Kappa Nu. At the beginning of the sen-
ior college year he transferred to Massachu-
setts Institute of Technology and studied 
communications engineering under a joint 
Massachusetts Institute of Technology—Bell 
System co-operative plan. Studying under a 
Tau Beta Pi fellowship during the graduate 
year, he received the B.S. and M.S. degrees 
in electrical engineering in 1941, and was 
elected an associate member of Sigma Xi. 
Joining the technical staff of the Bell Tele-
phone Laboratories, Inc., as a member of 

MILTON D. HARE 

the system, development deparunent, he be-
came engaged in repeater development for 
the coaxial-cable carrier system. During the 
war he was engaged in the design and develop-
ment of centimeter-wave transmitter-receiv-
ers for the United States Army and Navy. 
When the war ended he became engaged in 
the development of transmission systems for 
coast-to-coast relaying of telephone and tele-
vision. 

STEWART E. MILLER 

Alfred P. D. Stokes was born on July 28, 
1919 at Washington, D. C. He attended An-
tioch College from 1937 to 1939, and re-
ceived the B.S. in structural engineering 
from Catholic University in 1943. He studied 
aerological engineering at the Postgraduate 
School of the United States Naval Academy 
and was assigned to the Navy Electronics 
Laboratory as aerological officer in propaga-
tion research, where he is now employed. 

ALFRED P. D. STOKES 

Clifford M. Wallis (M'42—SM'43) was 
born on March 7, 1904, in Waitsfield, Ver-
mont. He received the B.S. degree in electri-
cal engineering from the University of Ver-
mont in 1926. During the following two years 
he was associated with the General Electric 
Company in Lynn, Massachusetts. He re-
ceived the M.S. degree from Massachusetts 
Institute of Technology in 1928, and the 
D.Sc. degree from Harvard University in 
1941. Dr. Wallis has been connected with the 
University of Missouri since 1928, and is now 
professor of electrical engineering at that 
institution. He has published several papers 
on the theoretical analysis of single-phase 
rectifier circuits. 
During the summer of 1941 he served as 

visiting professor of communication engi-
neering at Harvard University, where he 
assisted in the initiation of the pre-radar 
school. From March, 1944, until September, 
1945, he was connected with the Harvard 
Underwater Sound Laboratory as research 
associate. He continued his association with 
the development of underwater sonic devices 
during the summer of 1946 as a member of 
the staff of the United States Navy Under-
water Sound Laboratory at New London, 
Connecticut. 
Dr. Wallis is a member of Tau Beta Pi, 

Sigma Xi, and the American Institute of 
Electrical Engineers. 

CLIFFORD M. WALLIS 
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Institute News and Radio Notes 

Constitutional Revision 

D
U RI M; the past few years, it has been necesaao on a 
number of issasions (or sour Board of Directors and the 
Institute's Membership to consider changes in the basic 

document, our Constitution. The number of proposed changes 
submitted by the Board to the menders in this period has caused 
an expense and burden on the Institute's ofhte and has caused 
complaint by numerous members. Each proposed change in our 
operations which required an amendment of the Constitution was 
delayed on an average of eight months after decision in its favor by 
the Board. It ha been suegested that changing conditions should be 
e•tsmateg1 sufficient h tar in m1%41141..41 that changes in the Constitu-
tion wAltik1 be: ttttt e necessar only at very infrequent intervals. 
Changing conditions, combined with the very rapid growth of our 

Institute, have made this very desirable gist! impossilik. This is true 
not only of the handling of the affairs of our Institute but is the ex-
perience of many other institutions and, in fact, the exprriense of 
many individuals throughout the world today. 
It appears that there will be no lllll ratorium on changes necessary 

to le made in 01If OperAting proce,hirrs to keep them abreast of con-
ditions. It is therefore piciposed to place %011ie % hat greater responsi• 
bility and corresponding freed   of management in the ham,' of 
the Board of Directors in order that changes in operation may be 
made more expeditiously and econoniiially and without continued 
demands upon the membership. Among general factors back of this 

situation are 

tal Our increasing membership with the development of large 
groups of members at scattered points throughout the coun-
try. Our membership was approximately 5000 in 1935 allti is 
now approaching 20,000. 

ill) The increasing number and variety of problems in which the 
Institute along with other engineering bodies is actively 
interested. 

(c) the increased cost of all operations, 
tiD The increased headquarters and committee activities. These 

activities are being developed through experience and cannot 
be planned very completely in advance. 

,e) Continuing attempts to speed up and make more efficient the 
work of the Institute. 

As of January I. 194S, the new Regional Plan goes into effect 
%hereby the Board of Directors is selected noire directly by the 
membership and is made more responsive to the wishes of the mem-
bership. According to the plan adopted in 1946. there will be eight 
Regional Directors and a reduced number of Directors-at-Large 
and Appointed Directors. 
It is felt that with this new type of representation of membership 

on the Board, the Board will as a regular matter have a much better 
picture of the nerds and wishes of the membership, and the member-
ship, because of such representation, will be in a position to make its 
wishes effective with the Board. Under these conditions, it will be 
necessary for the Board to be able to move more rapidly than in the 
past and thus more effectively. It is also felt that greater latitude in 
operations can and should be left with the Board since the member-
ship will be more fully and accurately represented. 
A complete study of the Constitution was authorized by your 

Board of Directors and carried out by the Constitution and Laws 
Committee in order that changes in line with the above point of 
view might be submitted to the membership. Based on this study, 
the Board has had prepared a revised Constitution which will be sub-
mitted to the members in the near future. 
The Board and the Constitution and Laws Committer have spent 

more than one year in the basic discussions and in the determination 

of details of the resised ( oust  ill portions of it hair Nen 
repeatedly considered with the greatest of care. The Board has ap-
proved the proposed changes and strongly recommends them to the 
membership as necessary and desirable for the continuing progress of 
your Institute. Large portions of the old Constitution have been re-
tained in the nevi draft as the) have ken found to work satisfac-
torily. Many of the iletailed provisions have been eliminated and are 
being rewritten as part of the By-laws which are subject to Board 
deteemination. 
The principal ihanges proposed are indicated below. The ballot 

whith will in due course be furnished all voting members will list 
these more in detail. 

I. A change. in Article II provides for the new grade of 'Special 
Member which is proposed in order to enable us to bring into 
our ranks the suppoet of those actise in radio and electronic 
development but a hose main experience has been more in the 
field of management than of engineering practice. Such mem-
bers would hair all of the pnvik-ges of the Institute except 
the right to hold the offices of Persident and Vice-President. 
This grade rmai be considered in the honorary class since it is 
proposed to be conferred onli by invitation of the Board of 
Direct OrS. 

2. The detailed reguirements at present in Article II for the 
various gracks of membership are removed from the Constitu-
tion and transferred to the Hilaire although the basic require-
ments for the various grades are retained in the Constitution. 
This is to allow 9011T1t tAtittitiC in the instructions to the Mini.-
won. Committee without changing the bask concept under-
lying the plan of membership 

3. In Article III, the methods of handling admisaious. transfers, 
and expulsions are rehmoved and transferred to the Bylaws. 

4. The material in .lrticle IV which, at present, lists the entrance 
fees and dues of the various grades of members, is eliminated 
from the Constitution and transferred to the Bylaws in order 
that the Institute's finances may be kept on a sound basis 
during these times of changing conditions. The Regional 
Directors Is ill be relied upon to reflect at all times the position 
of the membersh ip of the regions *kith respect to fees, dues, and 
other financial matters. The Board as such has no wishes in 
the matter but exists to put into effect those services which the 
membership desires and for which it wishes to pay. 

5. In Article VII. the number of names required for a nomination 
by petitition is changed from 35 to 100. This change is recom-
mended in view of the greatly increased membership of the 
Institute and is in accord with sound procedure. 

6. In Article X. the number of names required for an amendment 
by petition is changed from 35 to 100. The reason for this 
proposed change is the same as that given in 5. 

7. Also in Article X. the percentage of valid votes cast necessary 
for the passing of an amendment is changed from 75 to 67 per 
cent. It is felt that if two thirds of the members voting on a 
proposed change are in favor of it, the amendment should 
pass and not be held up by the opposition of one fourth of the 
VOterf. 

Regular ballots containing details of all proposed changes are 
king prepared and will be mailed to you by the end of April. Your 
earnest consideration is requested for the proposed changes. Please 
bear in mind that the activities of the Institute have become so en-
larged and proceed under such pressure that your Board of Directors 
needs all of your help in providing the most efficient operation for 
your service that it is possible to build. 

B. E. SF1ACKF:LFORD, Chair/MIS 
Constitution and Laws Committee 
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I.R.E. Awards 

Morris Liebmann Memorial Prize-1947 

JOHN R. PIERCE 

"For his development of a traveling-
wave amplifier tube having both high gain 
and very great bandwidth." 

GEORGE P. ADAIR 

"For his technical direction of matters 
relating to allocation of radio frequencies." 

BENJAMIN DE F. BAYLY 

"For his contributions as a teacher in the 
field of radio communications and his service 
in the co-ordination of communications se-
curity." 

Ashley and Crippen 

Fellow Award-1947 

BENJAMIN DE F. BAGLY 

Browder J. Thompson Memorial Award 
1946 

CHARLES L. DOLPH 

"For the best article published in the 
PROCEEDINGS OF THE I.R.E. during 1946 by 
a person under thirty years of age." 

4.• 

Fellow Award-1947 

GEORGE P. ADAIR 

Fellow Award-1947 
GEORGE L. BEERS 

Morris Liebmann Memorial Prize-1946 

ALBERT T. ROSE 

"For his contributions to the art of con-
verting optical images to electrical signals, 
particularly the image orthicon." 

GEORGE L. BEERS 

"For his numerous advances in circuits 
and systems leading to improved radio 
broadcasting, particularly in the receiver 
field." 

LLOYD V. BERKNER 

"For his investigations of ionospheric 
phenomena and his contributions to air-
borne-radar development." 

Harris and Ewing 

Fellow Award-1947 

LLOYD V. BEAKER 
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Fellow Award-1947 
Fellow Award-1947 

ROBERT S. BURNAP 

"For his many technical and administra-
tive contributions to the welfare of the In-
stitute and radio field as an active chairman 
or member of numerous technical commit-
tees." 

• 

DONALD G. FINK 

"In recognition of his espousal of high 
standards of technical publishing and for his 
wartime contributions in the field of elec-
tronic aids to navigation." 

FRED V. HUNT 

"For his work as a scientist, teacher, and 
administrator and his contributions to 
acoustics." 

Fellow Award-1947 

FRED V. HUNT 

EDWARD L. BOWLES 
"For his activities in making possible the 

maximum practical use of advanced radio 
equipment in military operations and for his 
work in the educational field." 

• 

Fellow Award-1947 
DONALD G. FINK 

Fellow Award-1947 

‘VILLIANI W. HANSEN 

I.R.E. Awards  1 
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Fellow Award-1947 

ROBERT F. FIELD 

"Who, as an engineer and physicist, im-
proved methods and standards in alternat-
ing-current measurements." 

WILLIAM W. HANSEN 

"In recognition of his many contribu-
tions to the theory of tubes, networks, cir-
cuits, and antennas." 

DAVID R. HULL 

"For his contributions in developing a 
program utilizing electronic advances in mil-
itary equipment and tactics." 

Fellow Award-1947 
DAVID R. HULL 
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I.R.E. Awards 

Fellow Award-1947 

KARL G. JANSKY 

"For his researches in the realm of cos-
mic and circuit noise affecting radio com-
munication." 

4. 

JAMES %V. MCRAE 

"For outstanding work in the planning of 
research and development programs in radar 
and countermeasures and for his researches 
in radio transmitting methods." 

4. 

DANIE L EARL NOBLE 

"In recognition of his contributions to 
the design and application of very-high-fre-
quency voice-communication systems for 
police and other emergency services." 

Fellow Award-1947 

DANIEL EARL NOBLE 

Fellow Award-1947 

Ctimmrs V. LittoN 

"For his contributions to theory and 
practice in the field of high-vacuum tech-
niques, including processes and precision de-
vices for the production of electron tubes." 

4. 

Fellow Award-1947 

JAwEs W. 111cRAE 
4. 

Fellow Award-1947 

PEDRO J. NOIZEUX 

Fellow Award -1947 

RAY D. KELL 

"For his extensive contributions, over 
many years, to television for both civilian 
and military use." 

4. 

ILIA E. MOUROMTSEFF 

"In recognition of his contributions to 
vacuum-tube  development,  particularly 
transmitting tubes." 

PEDRO  Notzeux 

"For his leadership in development of ra-
dio communication services." 

Fellow Award-1047 

ILIA E. ItIouitomrsEFF 



1947  Institute News and Radio Notes Section 385 

I.R.E. Awards 

Fellow Award-1947 

JOHN A. PIERCE 

"For his contributions to the develop-
' ment of loran, a radio aid to navigation." 

CONAN A. PRIEST 

"For his contributions as an engineer, 
executive, and organizer in the field of radio 
transmitter development and design." 

EDWARD N. WENDELL 

"For his contributions to the develop-
ment and production of radio systems for 
navigating and landing airplanes by instru-
ment." 

Fellow Award-1947 

EDWARD N. WENDELL 

Fellow Award-1947 

FRANK H. R. POUNSETT 

"In recognition of his contributions to 
the engineering development and production 
design of radar apparatus in Canada." 

Fellow Award-1947 

CONAN A. PRIEST 

Fellow Award-1947 

WINFIELD W. SALISBURY 

Fellow Award-1947 

ROBERT M. PAGE 

"In recognition of his pioneering achieve-
ments in solving some of the early problems 
of basic importance to radar." 

WINFIELD W. SALISBURY 

"For his contributions to the generation 
of high-power continuous-wave energy at 
ultra-high frequencies." 

ROBERT WATSON-WATT 

"For his early contributions to radio and 
for his pioneering work in radar." 

British Information Services Photo 

Fellow Award-1947 

IL()BERT WATSON-WAIT 
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New England Radio Engineering Meeting 
CAMBRIDGE, MASSACHUSETTS, SATURDAY, MAY I 7) 1947 

The newly created North Atlantic Region of The In-
stitute of Radio Engineers, made up of the Connecticut 
Valley Section and the Boston Section, will sponsor an 
all-day radio engineering meeting at the Hotel Conti-
nental in Cambridge, Massachusetts on Saturday, May 
17, 1947. This date is a postponement of an earlier date 
previously announced. 
This Regional All New England Meeting is a new 

venture in co-operation among New England electronic 
specialists. It is designed to establish new and valuable 
associations between them and the rich background of 
industries, educational institutions, and research cen-
ters situated in the compact, highly developed New 
England area. Numbered among the radio engineers of 
this region are many of the country's outstanding elec-
tronic specialists and this meeting brings into focus 
New England men and their contributions to the art. 
Scheduled for the day's meeting are six technical 

papers to be presented for the first time on communica-
tions, microwaves, frequency modulation, and measure-

1. LOW-DRAG AIRCRAFT AN-
TENNAS FOR FREQUENCIES 
FROM 2 TO 18 MEGACYCLES 

Joun V. N. GRANGER 
(Graduate Student, Harvard Uni-
versity, Cambridge, Massachusetts) 

The difficulties involved in the 
design of efficient radiators for high-
speed aircraft are 'discussed and de-
ficiencies of conventional structures 
explained. Comparisons of the ef-
fects of polarization for long-dis-
tance communication are given. 
Novel radiators, invoking the use 
of the airplane wings as a dipole are 
described and the mechanical and 
electrical  performince confirmed 
with experimental data. 

2. THE COMMERCIAL DESIGN 
OF GEIGER-MUELLER 
COUNTER TUBES 

HERBERT NIETTEN 
(Sylvania Electric Products, Inc., 

Roston, Massachusetts) 
The subject of Geiger-Mueller 

tubes will be introduced with a brief 
historical survey of conventional 
methods for detection of radioactiv-
ity, including Geiger-Mueller tubes, 
followed by a simplified description 
of the mechanism involved in the 
detecting action of Geiger-Mueller 
tubes. There will be a description of 
the effect of various gas fills on tube charac-
teristics, with a comparison of self-quench 
and external-quench gas fills from the 
standpoint of tube life, stability, operating 
voltage, and recovery time. The problem of 
windows for beta-ray counters will be con-
sidered. A discussion of production methods 
and problems will include such subjects as 

ments. None of these papers will be given concurrently. 
A large space in the Hotel Continental will be devoted 
to a number of exhibits of radio and electronic products 
manufactured only in this region. New England manu-
facturers make a wide variety of electronic apparatus 
and the exhibit offers an excellent opportunity for New 
England engineers to acquaint themselves with these 
items and with their neighbors, the people who make 
them. 
As part of the social amenities, a luncheon is planned 

at noon, with a banquet scheduled for the evening with 
excellent entertainment technically and socially adapted 
to the humor and tastes of engineers and their families. 
Speechmaking at the Banquet will be held to a mini-
mum. As part of the streamlined program, Mr. George 
W. Bailey, Executive Secretary of the Institute of 
Radio Engineers, will bring greetings from National 
Headquarters. 
Brief outlines of the papers to be presented at the 

technical sessions are given below. 

it II I eat 

CRUET LABORATORY, HARVARD UNIVERSITY 

types of cathode, purity of fill, use of high-
vacuum techniques, sealing of windows, and 
methods of finishing (basing and devices for 
mounting and protection). The presentation 
of some typical characteristics of Geiger-
Mueller tubes, together with demonstrations 
of the tubes in actual use, will conclude the 
talk. 

3. RECENT DEVELOPMENTS IN 
FREQUENCY STABILIZATION 

OF MICROWAVE 
OSCILLATORS 

WILLIAM G. TULLER, FRANK P. 
ZAFFARANO, AND W ILLIAM C. 

GALLOWAY 
(Massachusetts Institute of Tech-
nology, Cambridge, Massachusetts) 
Mr. Tuller will review the meth-

ods of stabilizing microwave trans-
mitters which show the relative 
merits of the three generally used 
systems. The reference-cavity sta-
bilizationsscheme of Pound is then 
considered in some detail, and re-
cent developments in this circuit are 
considered. Among these are the de-
velopment of a system operable over 
a wide frequency band and capable 
of modulation with good linearity. 
Inherent limits of this system in 
modulation-frequency response, sta-
bility, and distortion are given. 

4. A VERY-HIGH-FREQUENCY 
BRIDGE FOR IMPEDANCE 
MEASUREMENTS AT FRE-
QUENCIES BETWEEN 20 
AND 140 MEGACYCLES 

R. A. SODERMAN 
(General Radio Company, 
Cambridge, Massachusetts) 

A bridge has been developed for im-
pedance measurements on circuits having 
either distributed or lumped parameters. 
The resistive and reactive components of the 
unknown are measured in terms of incre-
mental capacitances. The resistance range is 
0 to 200 ohms over the frequency range, and 
the reactance range is 0 to t 200 ohms at 100 
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megacycles and is inversely proportional to 
frequency. Coaxial, two-terminal, or ground-
plane measurements may be made. The cir-
cuit and errors will be discussed and typical 
measurements presented. 

5. DESIGN PROBLEMS OF FREQUENCY-
MODULATION RECEIVERS 

ALDO NIICCIOLI 
(Associate, Dale Pollack, New 

London, Connecticut) 

The problems affecting the design of fre-
quency-modulation receivers are discussed, 

including the relative merits of variable-in-
ductor and variable-capacitor tuning. Sta-
bility and switching problems are considered, 
and a solution for a typical receiver pre-
sented, with provision for an amplitude-
modulation band oscillator. The relative 
merits of triode and pentagrid converters 
and the problem of oscillator injection are 
considered. Coil design, radio-frequency 
gain, bandwidth, and stability of inter-
mediate-frequency amplifiers are discussed. 
The problems of proper limiter and dis-
criminator design are considered, and the 
over-all performance of a typical receiver 
described. 

6. WARTIME DEVELOPMENTS IN 
WAVE-GUIDE THEORY 

JULIAN S. SCHWINGER 
(Harvard University, Cambridge, 

Massachusetts) 

This paper will treat rigorous and ap-
proximate mathematical approaches to the 
solution of problems of radiation from wave 
guides and the effects of structures within 
wave guides, with particular attention to 
general methods of solving for equivalent-
circuit parameters. 

REGISTRATION 

All members of The Institute of Radio Engineers in 
the Boston and Connecticut Valley Sections (except stu-
dents) will receive a registration form by mail, which 
must be returned with the proper fees by May 5, 1947. 
. Students in this area may apply to their I.R.E. repre-
sentative in their schools for free registration and will 
find information concerning the meeting and who their 
representatives are, posted on school bulletin boards. 
Registration fees for New England Radio Engineering 
Meeting: 
Members of I.R.E. (all grades except stu-
dents)   $ 1.00 

Nonmembers of I.R.E.  2.00 
All students (through school representa-
tives)   free 

Advanced registration is essential, since all facilities 
are limited. It is suggested that persons who do not 
receive registration forms by mail communicate by 
personal letter to Mr. H. H. Dawes, New England 
Radio Engineering Meeting, 275 Massachusetts Avenue, 
Cambridge 39, Massachusetts. 
The following schedule of prices will apply: 
Single luncheon ticket   $ 1.75 
Single banquet ticket   3.75 

For members of I.R.E. 
Complete coverage including one lunch-
eon ticket, two banquet tickets, and 
one registration   10.00 

For nonmembers of I.R.E. 
Complete coverage including one lunch-
eon ticket, two banquet tickets and 
one registration   11.00 

Hotel Continental, Cambridge, Massa-
chusetts, prices: 

Single room, bath   3.85 
Double room, bath   6.60 
Registration with the New England Meeting 
does not guarantee hotel room. Direct contact 
with the hotel should be made. 

Remember the date, May 17! For Advanced Registra-
tion or Other Information, Communicate with 
H. H. Dawes or the General Chairman 

GENERAL CHAIRMAN, L. E. Packard, Technology In-
struments Corporation, Waltham, Massachusetts 

ARRANGEMENTS CHAIRMAN: H. H. Dawes, New Eng-
land Radio Engineering Meeting, 275 Massachusetts 
Avenue, Cambridge 39, Massachusetts 

U.I.T. Photo Service 

MASSACHUSETTS INSTITUTE OF TECHNOLOGY 
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W. C. Freeman, Jr. 
2018 Reed St. 
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May 7 

N. J. Zehr 
1538 Bradford Ave. 
St. Louis 14, Mo. 

Clyde Tirrell 
U. S. Navy Electronics 
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F. R. Brace 
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San Francisco 9, Calif. 
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7200-28 N. W. 
Seattle 7, Wash. 
R. E. Moe 
General Electric Co. 
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C. J. Bridgland 
Canadian National Tele-
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Toronto, Ont., Canada 

Paul Thompson 
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Standards 
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Sylvania Electric Prod-
ucts, Inc. 
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Sections 

SUBSECTIONS 

Chairman 

R. B. Jones 
City Signal Service 
319 E. Main St. 
Fort Wayne 2, Ind. 

Secretary 

FORT WAYNE  S. J. Harris 
(Chicago Subsection)Farnsworth  Television 

and Radio Co. 
3702 E. Pontiac 
Fort Wayne 1, Ind. 

T. S. Farley  HAMILTON  E. Ruse 
74 Hyde Park Ave.  (Toronto Subsection)195 Ferguson Ave., S. 

Hamilton, Ont., Canada 
L. E. Hunt 
Bell Telephone Labora-
tories 

Box 107 
Deal, N. J. 

Hamilton, Ont., Canad 
K. G. Jansky 
Bell Telephone 
Laboratories 

Box 107 
Red Bank, N. J. 

MONMOUTH 
(New York 
Subsection) 

SPRING TECHNICAL CONFERENCE 
CINCINNATI SECTION I.R.E. 

The Cincinnati Section of The Institute 
of Radio Engineers will hold a Spring Tech-
nical Conference on May 3, 1947, at the 
Engineering Society Building in that city, 
according to a notice issued by John D. 
Reid, chairman of the Section and by Lewis 
M. Clement, chairman of the Papers Com-
mittee, and Harold L. Brouse, member of 
the Papers Committee. The papers to be 
presented in the morning session of the Con-
ference are as follows: 
"Antennas for Television Reception," by 
Andrew Alford, Consulting Engineer 

"A New Approach to Television Input Cir-
. cuits," by Paul F. G. Holst, Crosley 

Division, Aviation Corporation 
"Intermediate-Frequency Television Ampli-
fier Design," by Stuart Seeley, Radio 
Corporation of America 

"Television Receiver Synchronizing Cir-
cuits," by Robert W. Sanders, Farns-
worth Television and Radio Corporation 
The papers to be delivered in the after-

noon session include: 
Part I—"Cathode-Ray-Tube Screens in 
Contact with Metal," by C. S. Szegho, 
The Ftauland Corporation 

Part II—"Reflective and Refractive Optics 
for Projection Television Receivers," by 
George K. Schnable, The Rauland Cor-
poration 

"Interconnecting Facilities for Television 
Broadcasting," by W. E. Bloecker, 
American Telephone and Telegraph Co. 

"The Future of Color in Television," by 
Donald G. Fink, McGraw-Hill Publish-
ing Co. 
The morning session will be under the 

chairmanship of R. J. Rockwell, and the 
afternoon session under the chairmanship of 
W. C. Osterbrook. During the entire Con-
ference, the Cincinnati television transmit-
ter of the Crosley Broadcasting Corporation 
will be in operation. A group of exhibits of 
television components and test equipment 
will also be shown (luring the Conference in 
an auditorium adjacent to the main-meeting 
auditorium. 

Chairman 

C. W. Mueller 
RCA Laboratories 
Princeton, N. J. 

A. R. Kahn 
Electro-Voice, Inc. 
Buchanan, Mich. 

W. A. Cole 
323 Broadway Ave. 
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Secretary 
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WINNIPEG  C. E. Trembley 
(Toronto Subsection)Canadian Marconi Co. 
an-  Main Street 

Winnipeg, Manit., Can-
ada 

CHICAGO SECTION 
MEETING 

At a recent meeting of the Chicago Sec-
tion, Grote Reber (A'33—SM'44) of Stewart 
Warner Corporation gave an address on 
"Cosmic Static," describing how a highly 
directional antenna is used to scan the sky, 
the output feeding into a tuned radio-fre-
quency receiver with a hissing noise. Many 
measurements have been made at 160 mega-
cycles, and are now under way at 480 mega-
cycles. Mr. Reber reported that static ap-
parently originating from the sun is greatly 
enhanced at times of great sunspot activity. 
Various theories have been advanced as to 
the cause of this static, but none has satis-
factorily explained all the observed phe-
nomena. Radiation has been detected from 
the Andromeda Nebula, which is 5 X1016 
miles away (800,000 light years). This may 
well be a long-distance record for radio re-
ception. 
Joseph Heller (SM'45) of the Pano-

ramic Radio Corporation spoke on "The 
Panalyzor as an Engineering Tool." He 
pointed out that many engineering prob-
lems are being solved by this device which 
has been used extensively as an aid to com-
munications. Various factors limiting the 
frequency resolution obtainable were dis-
cussed: excessive sharpening of the inter-
mediate frequency to permit higher resolu-
tion is likely to result in spurious responses 
masking the desired pattern. A very wide 
range of amplitude discrimination (about 
106) is possible by the use of an amplifier with 
a logarithmic response. 

SYRACUSE SECTION 

The Board of Directors, at its December 
, 4, 1946, meeting, accepted the recommenda-
tion of the Executive Committee that the 
petition of Syracuse members for the estab-
lishment of a Syracuse Section be approved. 

CEDAR RAPIDS SECTION 

The Cedar Rapids Section of the Insti-
tute, continuing its vigorously active career, 
has introduced some procedures at least one 
of which is believed to be novel. These pro-
cedures may be of interest to other Sections. 
Prior to the meeting of the National Sec-

tions Committee in New York on March 3, 
1947, the Cedar Rapids Section asked its 
members to submit any ideas or suggestions 
which might be deemed appropriate for dis-
cussion at the New York meeting. It would 
always be well if Section representatives 
came to meetings of the Sections Committee 
as carriers of the viewpoint of the member-
ship of their Section and with all available 
proposals emanating from the membership 
of that Section. 
The Cedar Rapids Section has also ap-

pointed a specific person as a membership-
campaign representative. All members of the 
Section were urged to have any eligible non-
member of whom they know communicate 
with the Section representative in question. 
To facilitate large attendance of mem-

bers of the Cedar Rapids Section at the 
Winter Technical Meeting of the Institute 
in New York, the Section made arrange-
ments with the railroad companies to pro-
vide special cars for the use of its member-
ship to and from the convention. Thus the 
members could be assured not only of a com-
fortable trip but of the company of their fel-
low members during the journey. This pro-
cedure was believed to be a convenience to 
the members and an inducement for the at-
tendance of a larger delegation than would 
otherwise have been the case. 

STUDENT BRANCHES 

The Board of Directors, at its February 
5, 1947, meeting, approved the petitions that 
Student Branches be founded at the City 
College of the City of New York and at the 
College of Engineering of New York Univ-
ersity. 
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I.R.E. People 

HAROLD 0. WYCKOFF 

Bronze Star Medal 

Harold 0. Wyckoff (A'43) has been 
awarded, the Bronze Star Medal by the 
War Department. As Assistant Chief of the 
Operational Research Section of the Ninth 
Air Force, part of the larger 'Operation 
Analysis' of the Army Air Forces, he "an-
alyzed and made studies of bombing in co-
ordination with ground attacks that proved 
of great value in the employment of fighter 
bombers. His successful efforts in all fields 
of research were an important contribution 
to the aerial offensive." Dr. Wyckoff re-
ceived his doctorate in physics from the 
University of Washington in 1940 and in the 
same year joined the staff of the National 
Bureau of Standards where he is now asso-
ciate physicist in the X-ray section. He has 
done extensive work in the field of Cerenkov 
radiation and X-ray protection and meas-
urements. He is a member of the Physical 
Society and the Washington Philosophical 
Society. 

Distinguished Civilian 
Service Awards 

Allen H. Schooley (A'35) has been 
awarded the Distinguished Civilian Service 
Award from the Secretary of the Navy, "for 
distinguished service in fundamental re 
search in the field of measurement of basic 
physical quantities and particularly for his 
development of the precision-time-measur-
ing equipment which became the basis for all 
precision-ranging circuits used in fire-control 
radar by the Army and Navy." Mr. Schooley 
received his bachelor's degree in electrical 
engineering from Iowa State College and his 
Master's from Purdue University. While 
with the Radio Corporation of America, 
from 1936 to 1940, he designed and built 
miniature radio tubes. He joined the Naval 
Research Laboratory in 1940 and has since 
been continuously identified with fire-control 

ALLEN H. SHOOLEY 

Army and Navy Awards 

and missile-control radar. Mr. Schooley is 
a member of Sigma Xi and an associate 
member of the Franklin Institute and the 
United States Naval Institute. 
Maxwell K. Goldstein (A'30—SM'46) has 

been awarded the Distinguished Civilian 
Service Award by the Secretary of the Navy, 
"for distinguished contributions to the 
Naval Service in developing high-frequency 
direction finding as a vital weapon for com-
bating the German submarine menace dur-
ing the crucial Battle of the Atlantic." Dr. 
Goldstein received his doctorate in engineer-
ing in 1933 from Johns Hopkins University 
and was subsequently engaged in the de-
velopment of automatic remote indicating 
systems for antiaircraft gun control ap-
paratus and radio navigation aids. In 1939 
he joined the Naval Research Laboratory 
and for a number of years was in charge of 
its radio direction-finder work; he is now 
head of the Avigation Section. He is a 
member of Sigma Xi. 
A. E. Abel (A'31—AN1'45), chief engineer 

DORMAN D. ISRAEL 

MAXWELL K. GOLDSTEIN 

of Bendix Radio, has received highest 
civilian honors from the United States War 
Department for outstanding achievement in 
the development of radar during ‘Vorld 
War II. Commendation was made spe-
cifically for service "in a position of trust 
and responsibility for outstanding assistance 
in development, research and production of 
radio set SCR-598." The SCR-598 is part of 
a gun-laying  radar  equipment  which 
made possible accurate and speedy aim-
ing of large guns in sea warfare and harbor 
defense. One of the civilian applications 
of this radar is for precise harbor traffic 
control. 

Certificate of Appreciation 

Dorman D. Israel (A'23—M'30--F-12), 
vice-president in charge of engineering and 
production of Emerson Radio and Phono-
graph Corporation, New York City, was 
awarded the War Department Certificate 
of Appreciation for outstanding contribu: 
tion to the war effort in the research, de-
velopment, and production of VT  fuzes 
during World War II. 
Born in Newport, Kentucky, Mr. Israel 

received his degree in electrical engineering 
from the University of Cincinnati. He has 
been chief development engineer of Crosley 
Radio Corporation and chief engineer of 
Grigsby-Grunove Corporation. In August, 
1946, he became president and a director of 
Radio Speakers, both Emerson subsidiaries. 
Mr. Israel has long been active in The 

Institute of Radio Engineers. He was chair-
man of the Cincinnati Section in 1931, has 
been for a number of years General Chair-
man of the Papers Procurement Committee, 
and is a member of the RMA Co-ordinating 
Committee, the 1947 Convention Commit-
tee, and the Awards Committee. He is also 
chairman of the receiver section of the engi-
neering department of Radio Manufactur-
ers Association. 
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I.R.E. People 

RUSSELL B. RENNAKER 

RUSSELL B. RENNARER 
Russell B. Rennaker (M'46) has joined 

the Collins Radio Company, Cedar Rapids, 
Iowa, and been placed in charge of the 
Broadcast Sales Division. Mr. Rennaker has 
been associated with Federal Telephone and 
Radio Corporation, Columbia Broadcasting 
Service as engineering supervisor, and has 
served as national president of the Associa-
tion of Broadcast Technicians. During the 
war, he was connected with the work of the 
Office of Strategic Service for two years. Mr. 
Rennaker has held an amateur radio oper-
ator's license since 1916. 

HARRY SUSSMAN 
Harry Sussman (S'33—A'33—SM'44) has 

been appointed chief engineer of the Espey 
Manufacturing Company, Inc., of New 
York City. Mr. Sussman has been engaged 
in radio design and development work since 
1932, when he was a laboratory assistant 
with Emerson Radio and Phonograph 
Corporation. He received his B.E.E. degree 
from Brooklyn Polytechnic Institute in 
1933, and has since been associated with 
Lear Developments, RCA Victor, and Hazel-
tine Electronics Corporation. 

HARRY SUSSMAN 

H. I. ROMNES 
H. I. Romnes (SM'45) has left the Bell 

Telephone System where he was engaged in 
engineering and research work, to become a 
radio engineer of the American Telephone 
and Telegraph Company. As radio engineer, 
he heads the radio section of the engineering 
division, succeeding Francis M.  Ryan 
(J'14—A'17—M'26—F'40), who previously had 
been named radio co-ordinator. 
Mr. Romnes was graduated from the 

University of Wisconsin with a degree in 
electrical engineering, and joined the Bell 
Telephone Laboratories in 1928. After work 
on toll-signaling and -transmission systems, 
repeaters, and associated equipment at the 
Laboratories, he was transferred in 1935 to 
the toll-transmission group in the parent 
company. Prior to his recent appointment he 
was in charge of that group under Frank A. 
Cowan (M'30—SM'43), transmission engi-

neer. 
Active in the American Institute of Elec-

trical Engineers, Mr. Romnes has been sec-
retary of its committee on communications 
for over a year. 

VALDEMAR POULSEN 
GOLD MEDAL 
At the December 4, 1946, meeting of the 

Board of Directors President Llewellyn read 

E. F. W. AtExANDEasoN 

a letter from Suker Engelund, dated Novem-
ber 22, 1946, which contained the informa-
tion that "The Academy of Technical Sci-
ences has awarded Dr. E. F. W. Alexander-
son (A'13—M'13—F'15) the Valdemar Poul-
sen Gold Medal to be handed over to Dr. 
Alexanderson on the 23rd of November, the 
birthday of Valdemar Poulsen." Mr. Enge-
lund also stated that because of the War and 
the Occupation of Denmark, it had not been 
possible to award this Medal since 1939, but 
the Academy was awarding two Gold Medals 
this year, the second one being presented to 
Sir Robert Watson-Watt following the rec-
ommendation of the Institution of Electrical 
Engineers, London. 

H. I. ROMNES 

H. H. FRIEND 
H. H. Friend (A'26—M'38—AM'43) has 

been appointed assistant to the president of 
the Arnold Engineering Company, Chicago, 
a subsidiary of the Allegheny Ludlum Steel 
Corporation. Mr. Friend was formerly asso-
ciated with the Curtiss Wright Corporation 
where he went in 1943 from the Bendix 
Aviation Corporation. 

•:• 

BENNETT S. ELLEFSON 
Bennett S. Ellefson (A'38—M'44), direc-

tor of the central engineering laboratories of 
Sylvania Electric Products, Inc., has been in 
Germany serving as a scientific consultant 
for the Technical Industrial Investigating 
Division of the United States Department of 
Commerce. His schedule included visits to 
German synthetic-mica plants and labora-
tories for an investigation of wartime devel-
opments as well as investigation of several 
laboratories and plants producing fluorescing 
chemical compounds for cathode-ray tubes. 
Dr. Ellefson's investigations will be docu-
mented for public information by the De-
partment of Commerce. 

BENNETT S. ELLEFSON 
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EMIL F. HEMBROOKE 

EMIL F. HEMBROOKE 

Emil F. Hembrooke (A'27) was recently 
elected a vice-president of the Muzak Cor-
poration. 
Mr. Hembrooke served for fifteen years 

with Western Electric Company and Elec-
tric Research Products, Inc., a subsidiary of 
Western Electric, where he became chief e-
search engineer on engineering and equip-
ment for wire broadcast systems. From 1941 
to 1943 he was chief engineer for the Muzak 
Corporation, and since 1945 has been direc-
tor of equipment and engineering. 

THOMAS B. MOSELEY 

Thomas B. Moseley (A'42—M'46) re-
cently was appointed a broadcast sales engi-
neer of the Collins Radio Company for the 
Southwest Area. Mr. Moseley formerly was 
associated with the Weldon Engineering 
Company of Del Rio, Texas, and held the 
position of chief radioengineer, Signal Office, 
Headquarters Eighth Service Command 
during World War II. More recently, he was 

THOMAS B. MOSELEY 

secretary-treasurer and chief engineer for the 
International Electronics Corporation of 
Dallas, Texas. 

ROBERT W. LARSON 

Robert W. Larson (SI11'44) has been ap-
pointed adtninistrative assistant to the di-
rector of the General Electric Research 
Laboratory at Schenectady. Born in James-
town, N. Y., Mr. Larson was graduated 
from Rensselaer Polytechnic Institute in 
1922 with the degree of Electrical Engineer. 
He joined the staff of the General Electric 
Research Laboratory, working on high-
power vacuum tubes, and later became as-
sistant engineer in the Tube Division of the 
Electronics Department. From 1943 to 194 
he was chief technical aide and deputy chief 
of Division 15, National Defense Research 
Committee, which was responsible for such 
activities as the jamming of German and 
Japanese radar during the war. In 1944 he 
resigned upon taking a position as assistant 
to the manager of the engineering depart-
ment in the Lancaster, Pennsylvania, plant 
of the Radio Corporation of America, and 
was named consultant to the Division. 

JOHN H. MILLER 
John H. Miller (A'19—M'25—SM'43) has 

been appointed vice-president and chief 
engineer of Weston Electrical Instrument 
Corporation, Newark, N. J. He succeeds 
\V. N. Goodwin, Jr. (A'15—M'29—S111'43) 
who, although retired, has been retained as 
an engineering consultant. 
After receiving his degree in electrical 

engineering from the University of Illinois in 
1915, Mr. Miller joined the Westinghouse 
Electric and Manufacturing Company as an 
apprentice, later becoming an engineer on 
watt-hour meters. In 1918 he was commis-
sioned in the Signal Corps, working on spe-
cial radio developments for aircraft. After 
the war he went to the Jewell Electrical 
Instrument Company of Chicago as chief 
engineer and later became vice-president. 
When the Jewell Company merged with 
Weston in 1931, Mr. Miller became assis-
tant chief engineer of the latter, and also 
spent some time with the company's 
English affiliate. In 1937 he took charge of 
the commercial engineering division which 
he continued to manage until he was ap-
pointed chief engineer in 1944. 
Mr. Miller, along with two other engi-

neers, formed the Chicago Section of The 
Institute of Radio Engineers and served 
several years as chairman and secretary of 
the group. He was on the board of the 
Western Society of Engineers for several 
years, is a Fellow of the Radio Club of 
America and the American Institute of Elec-
trical Engineers. 

HARRY S. DAWSON 

HARRY S. DAWSON 

Harry S. Dawson (A'35—SM'45), chair-
man of the Toronto Section of the Institute 
of Radio Engineers, has been appointed 
manager of the Canadian Association of 
Broadcasters. He also continues as the Asso-
ciation's engineering consultant. A Cornell 
graduate in electrical engineering, Dr. Daw-
son has been connected with Rogers Radio 
Tubes, Ltd., Station CFRB in Toronto, and 
Research Enterprises Limited. He joined the 
Canadian Association of Broadcasters as 
chief engineer in 1945. 

•:• 

JOHN J. GLAUBER 
John J. Glauber (A'27—S111.45) has been 

appointed chief engineer in charge of engi-
neering and development of radio transmit-
ting tubes for the Uhited Electronics Com-
pany, Newark, N. J. Mr. Glauber was 
formerly with Federal Telecommunications 
Laboratories of New York, in charge of 
design and development of ultra-high-fre-
quency high-power pulse tubes for radio 
applications during the war. 

111 
JOHN J. GLAUBER 
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WILLIAM F. COTTER 

WILLIAM F. COTTER 
William F. Cotter (A'27-SM'44) was 

recently appointed chief engineer for the 
Scott Radio Laboratories, Inc., succeeding 
Marvin Hobbs (A'35-M'41-SM'43) who 
will engage in consulting engineering on ra-
dio broadcast equipment 
Mr. Cotter served in the United States 

Naval Reserve from 1917 to 1919, at which 
time he became associated with a consulting 
engineer in New York as radio engineer. 
From 1922 to 1925 he was employed by the 
Federal Telephone and Telegraph Company 
of Buffalo as engineer-in-charge of the radio 
development laboratory. During this time he 
was responsible for the establishment of the 
pioneer broadcast station WGR. For ten 
years Mr. Cotter was associated with the 
American Bosch Magneto Company as chief 
engineer. In 1935 he joined the Stromberg-
Carlson Company as chief radio engineer, 
and later became radio consulting engineer. 
Mr. Cotter has served The Institute of 

Radio Engineers on membership and admis-
sions committees; and the American Insti-
tute of Electrical Engineers as vice-chairman 
of the Springfield Section, chairman of the 
Rochester Section, and vice-chairman of Dis-
trict 1, membership committee. 
A member of the Rochester Engineering 

Society, Mr. Cotter is presently serving as a 
member of The Institute of Radio Engineers 
committee on radio receivers; member-at-
large, membership committee, of the Ameri-
can Institute of Electrical Engineers; mem-
ber of the Radio Manufacturers Association, 
committee on export radio receivers; and a 
member of Panel 5 of the Radio Technical 
Planning Board. 

EMIL REISMAN 
Emil Reisman (A'46) has been appointed 

chief engineer of Resistance Products Com-
pany, Harrisburg, Pennsylvania. He was 
formerly with  International Resistance 
Company as development engineer on vari-
ous types of resistors. During the war he 
served on serveral committees engaged in 
drawing up the American War Standards. 

LOUIS GERARD PACENT 

Louis Gerard Pacent (A'12-M'15-F'27), 
president of the Pacent Engineering Cor-
poration, has received the War Department 
Certificate of Appreciation in recognition of 
his engineering services to the Signal Corps 
with the following citation: "For valuable 
assistance to the Signal Corps by developing 
and adopting manufacturing techniques 
which involved mass production of commu-
nication equipment, and the fact that these 
laboratories were able to accomplish vital 
phases of their mission to provide many 
types of advanced designs of new equipment 
for our fighting forces was in large measure 
due to your important contributions. The 
Signal Corps Engineering Laboratories ex-
press their appreciation for your outstanding 
service directed toward the successful con-
duct of the war." 
Mr. Pacent is a Fellow of the Society of 

Motion Pictute Engineers; Fellow and a past 
president of the Radio Club of America; Fel-
low of the American Institute of Electrical 
Engineers, and a member of their Board of 
Examiners and committee on communica-
tion; and member of the Acoustical Society 
of America. 

A. R. HOPKINS 

RC APPOINTMENTS 

Recent appointments in the engineering 
products department of the Radio Corpora-
tion of America include those of A. R. Hop-
kins (A'27-M'32-SM'43) as manager of 
communications and electronic equipment 
sales, C. M. Lewis (A'45) as sales manager of 
the Chicago region, and H. V. Sommerville 
(A'46) as sales manager of the Cleveland re-
gion. 
Mr. Hopkins received the electrical engi-

neering degree from The Ohio State Univer-
sity. He became associated with RCA in 
1929. From 1937 to 1942 he was in charge of 
RCA broadcast equipment sales, and then 
became engineering products manager for 
the Chicago region. 

JAMES F. JOHNSON 

JAMES F. JOHNSON 
James F. Johnson (A'40-M'42-SM'44), 

vice-chairman of the Seattle Section of The 
Institute of Radio Engineers, has been given 
charge of Eitel-McCullough, Inc., tube sales 
for The Dave M. Lee Company of Seattle, 
recently appointed northwestern regional 
sales representative. Mr. Johnson was 
manager of the communications group in the 
Radiation Laboratory at Massachusetts 
Institute of Technology during the war. 

G. EMERSON PRAY 
G. Emerson Pray (M'4I-SM'43), senior 

engineer and a director of Tuck Electronic 
Corporation, was recently elected president 
of that company as well as a director and 
vice-president of Electronic Apparatus, Inc. 

• 

KENNETH A. NORTON 
The appointment of Kenneth A. Norton 

(A'29-M'38-SM'43-F'43) as chief of the re-
cently established frequency-utilization re-
search section of the Central Radio Propaga-
tion Laboratory at the National Bureau of 
Standards was announced by E. U. Condon 
(M'42-SM'43), director of the Bureau. Mr. 
Norton rejoins the Bureau's staff from the 
War Department where he served the Chief 
Signal Officer as a consultant on radio wave 
propagation, and as assistant director of the 
Operational Research Group headed by 
W. L. Everitt (A'25-M'29-F'38). He also 
served with the Eighth Air Force in England 
as a radio and tactical countermeasures ana-
lyst. 
Mr. Norton has contributed extensively 

to scientific journals in the field of radio 
wave propagation and its application to the 
allocation of radio frequencies. He is a Fel-
low of the American Physical Society and 
the American Society for the Advancement 
of Science, and a member of the American 
Institute of Electrical Engineers, American 
Mathematical Society, the Institute of 
Mathematical Statistics, and the American 
Statistical Society. 
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POPOV MEDAL 

The Popov Gold Medal is awarded an-
nually by the Presidium of the Academy of 
Sciences of the USSR to a scientist of any 
nationality for outstanding scientific re-
search or invention in the field of radio. The 
first presentation was made in 1946 for 
work completed between 1933 and 1945, and 
subsequent awards will be given for works 
completed between competitions. 
Manuscripts submitted for the competi-

tion should reach the Radio-Physics and 
Radio-Engineering Council of the Academy 
of Sciences of the USSR at Tretia Misus-
skaia 3, Moscow, not later than February 1 
of the year for which the Medal is awarded, 
and must be marked "Popov Medal Com-
petition." The Council will judge the ma-
terial and submit the names of candidates to 
the Presidium by April 7, and the Medal 
will be awarded on May 7 ("Radio Day") 
of each year. 
Entries may be made by scientific, 

bodies, research institutions, establishments 
for higher education, governmental bodies, 
public bodies, or individuals, and may be 
awarded for works that already have been 
published. They may be submitted in any 
language, in the form of three typed or 
printed copies. An organization should ap-
pend its estimate of the scientific value of 
the work and its significance to the develop-
ment of radio, a short biography of the 
candidate, and a list of his major scientific 
papers and inventions. 
An award will be made only if the Council 

considers that a worthy entry is among 
those submitted. 

PLANNING COMMITTEE 

At the February 5, 1947, meeting of the 
Board of Directors, the following were ap-
pointed to serve as members of a Planning 
Committee to survey activities of the Insti-
tute in the light of present and possible serv-
ices to its members, and to plan a suitable 
course of future action: R. A. Heising, chair-
man; Alfred N. Goldsmith, B. E. Shackel-
ford, D. B. Sinclair, Keith Henney, and 
S. L. Bailey. 

PATENTS IN THE PUBLIC DOMAIN 

The United States Patent Office has is-
sued a list of 'Dedicated Patents' (that is, 
patents dedicated to the people of the United 
States). It has also issued in November, 
1946, 'Supplement No. 1 to Dedicated 
Patents' and will issue in January and 
June thereafter, additional supplements 
Copies of the original listings and of the 
supplements may be secured through the 
United States Patent Office, Department of 
Commerce, Washington, D. C. Copies of 
the list of patents, or photostatic copies of 
the listed applications, may be obtained on 
terms given on the front inside cover of 
Supplement No. 1 mentioned above. 

RALPH S. BEAL 

RALPH R. BEAL 

Ralph R. Beal (A'15—SM'45), vice-presi-
dent in charge of engineering of RCA Com-
munications, Inc., died on January 24, 1947. 
Mr. Beal was a pioneer in radio, television, 
and electronics. As a field engineer in the 
early days of radiotelegraph communication, 
he participated in the first investigations 
into high-power point-to-point radio trans-
mission and contributed toward the devel-
opment of the art into a dependable means 
of world-wide international communication. 
Born in Maude, Kansas, in 1887, Mr. 

Beal received his technical training at Le-
land Stanford University. Graduated in 
1912, he joined the Federal Telegraph Com-
pany in San Francisco, and subsequently 
supervised the installation of continuous-
wave equipment in Navy radio stations in 
Panama, Hawaii, the Philippines, and Bor-
deaux, France. Later, he made engineering 
investigations in the Orient, related to es-
tablishing direct overseas radio communica-
tions between the United States and China. 
Mr. Beal joined the Radio Corporation 

of America as its Pacific Division engineer in 
1926, undertaking the application of modern 
equipment linking the RCA West Coast ra-
diotelegraph services by direct overseas cir-
cuits to the principal countries of the Orient. 
In 1934 he was transferred to New York 

as research supervisor of RCA. Three years 
later he was made research director and 
given the responsibility of co-ordinating re-
search and advanced engineering develop-
ment activities of the company and its sub-
sidiaries. Among major developments to 
which he contributed during this period were 
the application of radio-electronics to the 
electron microscope, television, theater tele-
vision, radar, radio relays, and the opening 
of the microwave section of the radio spec-
trum. When RCA formed a committee in 
1935 to study television broadcasting, Mr. 
Beal was made chairman, a post which he 
held for nine years. He became vice-president 
of RCA Communications, Inc., in charge of 
engineering, on April 6, 1945. 
Mr. Beal was a Fellow of the Society of 

Motion Picture Engineers and a member of 
the Microwave Committee of the Office of 
Scientific Research and Development. 

ARMY SIGNAL ASSOCIATION 

J. E. Brown was the Representative of 
the I.R.E.nt the meeting of the Army Signal 
Association held in Chicago, January 17, 
1947. 

CANADIAN COUNCIL 

Virgil M. Graham was appointed to act 
as a liaison representative between the Ca-
nadian Council and the Board of Directors, 
at the February 5, 1947, meeting of the 
Board. 

AMERICAN DOCUMENTATION 
INSTITUTE 

A meeting of the American Documenta-
tion Institute at which Dr. J. H. Dellinger 
represented the I.R.E., was held on January 
30, 1947, to elect as members, the nominees 
of the nominating agencies. 

M.I.T. INDUSTRIAL FELLOWSHIPS 
IN ELECTRONICS 

A number of Graduate and Advanced 
Research Fellowships are offered by the 
Massachusetts Institute of Technology for 
study and research in the field of electronics. 
Applicants for Graduate Student Fel-

lowships must satisfy the requirements for 
admission to the Graduate School on recom-
mendation of the Department of Physics or 
the Department of Electrical Engineering. 
Recipients will work for advanced academic 
degrees in one of these spheres, the area of 
specialization falling within the field of elec-
tronics. 
A few Advanced Research Fellowships 

will be awarded to candidates possessing 
graduate academic degrees or equivalent 
research experience, who, without enrolling 
as graduate students, wish to pursue ad-
vanced studies and research in the field of 
electronics at M.I.T. 
Graduate Student Fellows will receive 

between $1200 and $1500 according to their 
experience and qualifications, plus a credit' 
to meet the tuition fee. Advanced Research 
Fellowships will range from $2000 to $3000. 
Application for an Industrial Fellow-

ship in Electronics should be made through 
the Director, Research Laboratory of Elec-
tronics, at least four months prior to the 
intended date of entrance. 

APPOINTMENTS COMMITTEE REPORT 

On January 8, 1947, President Baker, as 
chairman of the Appointments Committee, 
presented the report of the committee which 
had been mailed to the 1946 Board Mem-
bers The following appointments were then 
made: Secretary, Haraden Pratt; Treasurer, 
R. F. Guy; Editor, Alfred N. Goldsmith; 
Appointed Directors-1947, J. E. Brown, 
F. R. Lack, J. R. Poppele, David Smith, 
W. C. White. 
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Books 

1 

Electrical Transmission in 
Steady State, by 
Paul J. Selgin 

Published (1946) by McGraw-Hill Book 
Co., Inc., 330 W. 42 St., New York 18, N. Y. 
416 pages+7-page index +ix pages +3-page 
bibliography. 104 illustrations. 51 X81 inches. 
Price, $5.00. 

Growing out of a set of notes prepared for 
lecture courses offered at the Polytechnic 
Institute of Brooklyn under the sponsorship 
of the War Training Program, this book 
"aims  primarily  at  broadening ... the 
foundations for a superstructure of techno-
logical knowledge which the reader... 

I may have acquired through the exercise of 
his profession." 

It is assumed that the reader is at least 
as well prepared as a senior in college, for to 
quote further from the preface: "A book 
such as this must be built upon a solid 
mathematical framework and cannot be 
'light reading.' When unfamiliar branches 
of mathematics must be called upon, these 
should be adequately introduced.. . . It is 
to be hoped for example, that the reader 
may become familiar with the fundamentals 
of complex-function theory through its fre-
quent applications to network- and im-
pedance-transformation theory. .  

The author considers transmission by 
means of circuits and lines only and so is 
not concerned with the theory of wave 
guides, antennas, or radiation. The anal-
ogies in the performance of lines and net-
works are stressed throughout the treatment 
of transmission constants, distortion, and 
reflection. Impedance transformation by 
networks and lines is expounded making use 
of conformal maps for Z and 17 transforma-
tions. The quarter-wave transformer and 
tuned lines and stubs are handled in con-
considerable detail, with discussions of the 
multisection transformer, generalized selec-
tivity, and the exponential line. These latter 
are given as examples of the more-advanced 
type of problem which may be handled by 
the methods presented. 

There is included a chapter on electro-
magnetic theory and static fields and one on 
Maxwell's equations as applied to circuit 
elements. Two chapters are devoted to 
coupled circuits and one each to network 
theory as applied to the vacuum-tube and 
high-frequency amplifiers. The bibliography 
lists a number of books on related subjects 
which are divided into eleven categories to 
which reference is made throughout the text. 

In no sense a handbook for ready refer-
ence, this volume contains a wealth of basic 
theory which may well serve as a text for 
the engineering desiring to reinforce his 
background of fundamentals. 

Institute News and Radio Notes Section 

C. E. KILGOUR 
Crosley Division 

The Aviation Corporation 
Cincinnati 25, Ohio 

Reprints and Preprints 

The following reprints are available: 
"Radar," by Edwin G. Schneider. Pub-

lished in the August, 1945, issue of the PRO-
CEEDINGS OF THE I.R.E. AND WAVES AND 
ELECTRONS. Price, $.50. 
"The Presentation of Technical Devel-

opments Before Professional Societies," by 
William L. Everitt. Published in the July, 
1945, issue of the PROCEEDINGS OF THE 
I.R.E. Obtainable on request without charge. 
"Preparation and Publication of I.R.E. 

Papers," by Helen M. Stote. Published in 
the January, 1946, issue of the PROCEED-
INGS OF THE I.R.E. AND WAVES AND ELEC-
TRONS. Obtainable on request without 
charge. 
Please address your inquiries to 
The Institute of Radio Engineers, Inc. 
1 East 79 Street 
New York 21, New York 

The Electronic Control 
Handbook, by Ralph R. 
Batcher and William Moulic 

Published (1946) by Caldwell-Clements, 
Inc., 480 Lexington Ave., New York 17, 
N. Y. 335 pages+6-page index +3-page 
bibliography +vii pages. 297 illustrations. 
6X91 inches. Price, $4.50. 
The writers of this handbook have pro-

ceeded on the theory that electronic control 
means a lot more than a few circuits with 
tubes in them. While the circuit sections 
have not been slighted, a large part of the 
book is devoted to the theory of control 
systems, means of converting physical char-
acteristics to electrical signals, and elec-
trical power to mechanical motion. To the 
radio engineer who wishes to enter the elec-
tronic-control field, this material should be 
of much more practical value than too many 
descriptions of specific control circuits. 
Since this volume is intended to supple-

ment the "Electronic Engineering Hand-
book" by the same authors, no space is taken 
up with fundamental tube theory. This 
omission will be appreciated by the reader 
who finds many electronic handbooks 
padded with much material of interest only 
to the tube designer. 
The book has been planned in a pains-

taking effort to cover the whole control field, 
rather than overemphasize some specialty. 
By concentrating on basic circuits rather 
than complete systems, the authors have 
produced a book that should not quickly 
become obsolete. It is written with an 
understanding of electronic control and in-
strumentation problems as well as the re-
quired knowledge of electronic circuits. 
There may be some criticism that some 
circuit descriptions are too brief—a criticism 
which will always be applied to handbooks— 
but generous references and bibliographies 
provide leads for more detailed study on 
most subjects. 
On the whole, the book succeeds well in 

its objective, and is about as comprehensive 
and practical a reference as has appeared in 
this field. 

W. D. COCKRELL 
General Electric Company 

Schenectady, N. Y. 
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Principles of Radar (Second 
Edition), by Members of the 
Staff of the Radar  School, 
Massachusetts  Institute  of 
Technology 

Published (1946) by McGraw-Hill Book 
Co., Inc., 330 W. 42 St., New York 18, 
N. Y. 881 pages + 6-page index. 568 illus-
trations. 61 X91 inches. Price, $5.00. 

This book is a revised edition of a book 
used during the war in the training of groups 
of Army and Navy officers at the M.I.T. 
Radar School. As such the book will un-
doubtedly be familiar to many readers of 
the PROCEEDINGS. The first edition which 
was originally issued as a confidential docu-
ment has now been released from military-
security classification, but is not generally 
available. The book was originally in-
tended to give the student officers detailed 
grounding in the general technical principles 
of pulse-echo radar systems and the theory 
of operation of the various components of 
such systems. This new edition does not 
materially depart from this original intent, 
but some of the material of only transient 
military value has been deleted and other 
material of general interest added. 
A chapter discussing the general con-

siderations in pulse-echo radar systems and 
the terminology used in connection with 
them introduces the more detailed chaptersof 
the book which deal with radar transmitting, 
modulating, receiving, timing, and indicat-
ing equipment. Chapters are also included on 
radar antennas and propagation, radio-fre-
quency transmission lines, wave guides, 
transmit-receive switching devices, and the 
servomechanisms extensively used in trans-
ferring data and-controls from one part of 
the system to another. 
For the most part the detailed discus-

sions of the principles of components are 
specific and on a quantitative basis, but 
generally not given in extensive mathe-
matical detail. This treatment makes the 
book easily readable, and at the same time 
provides the reader with satisfactorily ac-
curate concepts. 
Although this book was published in 

1946, a few items of past and present inter-
est in the radar field have been omitted. In 
some cases this may have been due to un-
certainty as to jnilitary-security classifica-
tion, but some subjects, such as stagger-
tuned intermediate-frequency amplifiers, 
which were mentioned in the now unclassi-
fied first edition, have been omitted. How-
ever, the book does cover the field of pulse-
echo radar in a very comprehensive and 
readable fashion, and, as the only book of its' 
kind available at present, it should be very 
useful not only to workers in the radar field, 
but to anyone wishing to obtain a sound and 
detailed introduction to the technical as-
pects of radar, and particularly to anyone 
interested in reviewing the many special 
techniques of wartime radar for possible 
applications to other fields. 

E. K. STODOLA 
Signal Corps Engineering Laboratories 

Evans Signal Laboratory 
Belmar, N. J. 
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G. L. Beers 
W. F. Cotter 
Mr. Fox 
J. K. Johnson 

Minutes of Technical 
Committee Meetings 

ANTENNAS 

Date  November 4, 1946 
Place  National Bureau of Standards, 

Washington, D. C. 
Chairman.. P. S. Carter 

Present 

P. S. Carter, Chairman 
Harry Diamond  W. E. Kock 
J. E. Eaton  D. C. Ports 
Byron Goodman  M. W. Scheldorf 
(George Grammar)  George Sinclair 

R. B. Jacques  L. C. Van Atta 
J. W. Wright 

The first item on the agenda was the dis-
cussion of microwave definitions. The entire 
committee was asked to think over the prob-
lem of defining an antenna radiation pat-
tern which will cover both transmitting and 
receiving cases under one definition. Rela-
tive pattern is also to be defined. "Methods 
of Testing Antennas" was next reviewed. It 
was decided that a number of changes should 
be made in the material before it is pre-
sented at the next meeting. One of the prob-
lems is that of wether to use the m-k-s sys-
tem of units throughout. This problem will 
be taken up with the Committee on Stand-
ards and a ruling obtained. Definitions of 
the following terms might prove useful: Rela-
tive Pattern; Cross Talk; Cross Coupling; 
Figures of Merit; Antenna Coupling. 

ANTENNAS 

Date   . December 2, 1946 
Place  National Bureau of Standards, 

Washington, D. C. 
Chairman  P. S. Carter 

Present 

P. S. Carter, Chairman 
Harry Diamond  D. C. Ports 
J. E. Eaton  P. H. Smith 
R. T. Holtz  M. W. Scheldorf 

The entire meeting was devoted to the 
consideration of revised definitions of micro-
wave antenna terms, with the result that 
about 70 per cent of the definitions were 
approved, while the remainder were either 
dropped or deferred for future consideration. 

RADIO RECEIVERS 

Date   November 13, 1946 
Place  Hotel Sheraton, Rochester, 

New York 
Chairman  W. 0. Swinyard 

Present 

W. 0. Swinyard, Chairman 
C. R. Miner 
J. M. Pettit 
F. H. R. Pounsett 
R. F. Shea 

The first matter discussed was the 
method to be used in gathering the data to 
be forwarded to the chairman for editing 
into the report for the Annual Review. It 
was generally agreed that only items which 
comprised contributions to the art should be 

Publication Delays 

With the lifting of secrecy regula-
tions at the end of the war, much im-
portant material on advances in 
communications and electronics made 
during recent years became available. 
The authors of papers on these sub-
jects and the organizations in which 
such progress has been made naturally 
feel that these developments should 
receive early publication. The Insti-
tute of Radio Engineers thoroughly 
agrees with this point of view and in 
anticipation of just such a condition, 
the Board of Directors set aside a sub-
stantial postwar publication fund. It 
was believed that this would enable 
the Institute to publish with reasona-
ble promptitude all postwar papers in 
its field which were submitted for the 
PROCEEDINGS. 
Unfortunately, postwar conditions 

have prevented the consummation of 
this plan. Rising printing and paper 
costs have absorbed the fund and 
made even further demands on the 
limited income of the Institute. 
Further, the flood of valuable post-
war papers has far exceeded predic-
tions and many more papers of impor-
tance are anticipated. Even with a 
critical policy on acceptance of papers 
and the requirement of condensation 
of material wherever possible, our 
situation is ont of great difficulty. 
Vigorous efforts have been and are 

still being made to secure additional 
funds which will enable the Institute 
somewhat to clear up its backlog of 
papers. The size of the PROCEEDINGS 
has been gradually increased during 
the last few years, and a further ex-
pansion is in progress. We hope that 
we shall be able to go much farther 
later in the year, and meanwhile ask 
your patience during necessary delays. 
Any concrete suggestions as to ways 
and means of raising added funds for 
publication will be appreciated.— 
The Editor 

DELAYS MAY OCCUR— 
PLEASE WAIT! 

It is intended that the PROCEEDINGS OF 
THE I.R.E. shall reach its readers approxi-
mately at the middle of the month of issue. 
However, present-day printing and trans-
portation conditions are exceptionally diffi-
cult. Shortages of labor and materials give 
rise to corresponding delays. Accordingly, 
we request the patience of our PROCEEDINGS 
readers. We suggest further that, in cases of 
delay in delivery, no query be sent to the 
Institute unless the issue is at least several 
weeks late. If numerous premature state-
ments of nondelivery of the PROCEEDINGS 
were received, the Institute's policy of im-
mediately acknowledging all queries or com-
plaints would lead to severe congestion of 
correspondence in the office of the Institute. 

Date   
Place   

Chairman   
Acting Secretary  

included. The committee assigned to some 
of its members the task of summarizing and 
reporting on sixteen of the leading technical 
publications. The Chairman will review the 
complete list of publications and make ad-
ditional assignments where required. The 
next item on the agenda was a discussion of 
"Methods of Testing Frequency-Modula-
tion Broadcast Receivers (between 88 and 
108 megacycles)," particularly with regard 
to the request of the I.R.E. Standards Com-
mittee that there be considered certain 
changes in this report. Discussion made it 
evident to the committee that in some in-
stances, the art has not yet reached the 
point where firm standards on test methods 
can be recommended. 

SUBCOMMITTEES 

POWER-OUTPUT HIGH-VACUUM TUBES 

Date  November 22, 1946 
Place  McGraw-Hill Building, New 

York, N. Y. 
Chairman  I  E. Mouromtseff 

Present 

I. E. Mouromtseff, Chairman 
T. A. Elder  L. J. Nergaard 
C. E. Fay  E. E. Spitzer 
R. W. Grantham  C. M. Wheeler 
H. W. Mendenhall  A. K. Wing, Jr. 

Dr. Mouromtseff undertook the prepara-
tion of the material for the Annual Review. 
A final definition for "perveance" was agreed 
upon. "Methods of Testing, Section 3, Emis-
sion Tests" will include as Section 31 the 
material on determination of Richardson 
field-free emission by means of the Schottky-
line intercept as suggested by Dr. Nergaard. 
This will require the rewriting of Section 3 
by Mr. Fay and submission to Dr. Nergaard 
for comment. A list of definitions compiled 
by the Small High-Vacuum Tube subcom-
mittee was reviewed, but action not com-
pleted. 

SMALL HIGH-VACUUM TUBES 

December 6, 1946 
 McGraw-Hill Building, 
New York, N. Y. 

Alan C. Rockwood  • 
L. B. Curtis 

Present 

Alan C. Rockwood, Chairman 
E. M. Boone  E. H. Hurlburt 
L. B. Curtis  E. R. Jervis 
J. T. Fetch  J. A. Morton 

G. D. O'Neill 

The morning session was devoted to the 
correction of the October 11 Committee 
meeting minutes, amendments to Methods 
of Testing and Definitions. The Chairman 
announced with regret the resignation of 
A. C. Bousquet. Harold Ellithorn of the 
physics laboratory of Notre Dame Univer-
sky and E. R. Jervis of the Tung-Sol Lamp 
Works in Newark have accepted member-
ship on the Committee. 
The afternoon session was spent in edit-

ing the explanatory section on Methods of 
Measuring Vacuum-Tube Admittances. 
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Donald W. R. McKinley 
WA SECTION, 1947 CHAIRMAN, OTTA 

Donald W. R. McKinley was born in Shanghai, 
China, on September 22, 1912. At the University of 
Toronto he obtained the degrees of Bachelor of Arts in 
I mathematics and physics in 1934, Master of Arts in 
1935, and Doctor of Philosophy in experimental 
physics in 1938. After some field work in geophysics he 
'went to the National Research Council, Ottawa, in 
' 1939, to take charge of the Standard Frequency Labora-
, tory, and later worked on the development of an air-
borne cathode-ray direction finder. 
In August, 1940, he went to England for six months as 

radio and radar liaison officer for the N.R.C. On his 
return, he became head of the Air Force Section of the 
Radio Branch, which handled the design and develop-
ment of radar equipment for the Royal Canadian Air 
Force, including the small-scale production of micro-
wave-early-warning and microwave-height-finder equip-
ments. In 1942, he was given a commission in the Royal 
Canadian Air Force, but he was immediately put on the 
Reserve List and instructed to continue on military re-
search in a civilian capacity. From December, 1943, to 
March, 1944, he investigated the tropicalization and 
operational problems connected with service radio and 
radar equipment—visiting Australia, New Guinea, 
Ceylon, and India. During 1944-1945 he was chairman 

of a Canadian interservice committee to co-ordinate 
work on the tropicalization of military equipment, and 
was also chairman of the Troposphere Subcommittee of 
the Canadian Radio Wave Propagation Committee. 
From the latter part of 1944 to the present he has 

been in charge of the N.R.C. development work in the 
field of radio aids to aerial navigation, and is a member 
of the Commonwealth and Empire Conferences on 
Radio for Civil Aviation, an observer-member of the 
Radio Technical Commission for Aeronautics, and a 
technical adviser at the Radiotechnical Division of the 
Provisional International Civil Aviation Organization. 
Dr. McKinley is a member of the associate Commit-

tee on Aeronautical Research, and the Canadian Radio 
Technical Planning Board. His amateur-radio activities 
have dated from 1928, and included membership in the 
Canadian Amateur Radio Operators' Association, the 
American Radio Relay League, and the Radio Society 
of Great Britain. He joined The Institute of Radio 
Engineers in 1939 as an Associate and transferred to 
Senior Member in 1946. He is now chairman of the 
Ottawa Section of the I.R.E. and a member of the 
Canadian Council of tbe I.R.E. In the King's Honours 
List, July, 1946, he was made an Officer of the British 
Empire. 
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Engineers who become members of a society representing their field assume 
certain tacit, but none the less real obligations. Among these is to contnbute 
to theupbuilding of their field through constructive participation in the affairs 
of their society. A forceful presentation of this aspect of engineering activities 
is contained in the following guest editorial from the Secretary-Treasurer of 
the Emporium, Pennsylvania Section of the Institute.—The Editor 

Active Participation versus Passive Activity 
DAVID J. KNO WLES 

A large number of the editorials which have appeared in the PROCLLDING in the last two 
years, dealt with responsibilities. The subjects covered include the responsibility of the engineer 
to society, to the Institute, to our govenment, to other scientists, and the converse of these. This 
follows a trend not only in the thinking of the engineering brotherhood, but also in the thinking 
of all men in a world where we are beginning to realize that to reach our goal of an ideal world, 
we must recognize and accept our responsibilities. Probably the basic responsibility is that of the 
individual to society and vice versa; or from the engineering standpoint, the responsibility of 
the engineer to other individuals for the results of his developments. 
The engineer now realizes that his products and ideas can be perverted to any cause no matter 

what chaos and destruction result therefrom; and he can no longer ignore the uses to which his 
work is put. He must accept the responsibility not only for the creation of his ideas, but also 
for their administration. 
Activity in the Institute and its Sections becomes, therefore, not only desirable, but also 

necessary. By activity is meant the active participation in Institute and Section affairs as 
opposed to the passive activity of mfrely being a member and paying dues. These are necessary 
things, but attendance at Section meetings if at all possible; the voluntary action of serving on 
committees, contribution to the publications, or even the participation in the discussion of a 
paper all lead to a strengthening of our organization. If we are to have organizational activity 
we must have individual activity. 
We function through the representation of our organization. To be efficient our organization 

should be the voice of all radio and electronic engineers. To attract new members and thus 
strengthen its voice, the Institute must be alive no matter how conservative and dignified its 
policies and individual activity is the key to this. True majority rule must be maintained as 
well as wise leadership and activity is again the key. If our "engineering conscience" is to guide 
us, our voice must be the voice of the majority of the members and the individual must actively 
express himself to his officers. If asked to serve as an officer or on a committee, the opportunity 
should not be passed by. Such experience is valuable to the institute and the profession, since 
individuals so experienced help formulate policy to a greater extent than passive members. 
This activity also points out men of the caliber for national leadership. 
Briefly, from the radio engineer's standpoint, the best way of accepting his responsibilities is 

a problem to be solved. The activity and participation of the individual in Institute affairs no 
matter how small is a large factor in the solution of the problem. 

4.4 
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Radio Progress During 1946 

Introduction 

T
HE YEAR 1946 marked the substantial reconver-
sion of the radio manufacturing industry from 

  a wartime to a peacetime basis. Substantial prog-
ress was also made in restoring and expanding in-
ternational communication services which had been 
discontinued or converted to wartime uses at the out-
break of the war. 
As was the case during the year 1945, a large number 

of the papers published during 1946 described develop-
ments carried on in connection with the solution of 
'military problems. However, there developed a marked 
tendency to describe the application of these develop-
ments to peacetime purposes. In the case of electron 
tubes, the new developments were mostly in the fields 
of television and systems employing frequency modula-
tion. In the case of transmitters and receivers, the new 
developments were largely in the field of low-power 
: systems operating in the very-high-frequency or the 
: ultra-high-frequency range for communication with mo-
t bile units, or for point-to-point relay operation. Very 
little development was described during the year with 
reference to the field of standard broadcasting. 
During 1946 many papers of interest were presented 

at the Winter Technical Meeting of the Institute in 
New York in January, at the Fourth I.R.E. Electron 
Tube Conference at Yale University in June, at the Na-
tional Electronics Conference in Chicago in October, 
and at the Rochester Fall Meeting held jointly by the 
Institute and the Radio Manufacturers Association in 
Rochester, N. Y., in November. Many of these papers, 
however, were not published during the period covered 
by this review. 
The "Bibliography of Scientific and Industrial Re-

ports," published by the United States Department of 
Commerce, contained abstracts of reports of publications 
describing various enemy and United States Govern-
ment wartime communication developments. These ab-
stracts had to do with the theoretical and practical 
aspects of radar, communication equipment, secrecy 
systems, jamming devices, and countermeasures sys-
tems. This publication is issued weekly by the Depart-
ment of Commerce, Office of Technical Services, and is 
sold by the Superintendent of Documents, Government 
Printing Office, Washington 25, D. C., on a subscription 
basis, $10 for one year. Abstracts are given, together 

• Decimal classification: R090.1. Original manuscript received by 
the Institute, January 20, 1947; revised manuscript received, January 
27, 1947. This report is based on material from the 1946 Annual 
Review Committee of The Institute of Radio Engineers, as co-or-
dinated and edited by the Chairman. 

with the prices of microfilm or photostat copies, of the 
complete reports. 

Radio Transmitters and 
Modulation Systems 

During this period, the literature began to reflect 
some of the work of the war era which had previously 
been withheld from publication. The scope of radio 
transmitters has been greatly extended in frequency, 
power, and applications. In some new systems, such as 
radar and radio relaying, the transmitter portion is less 
distinguishable as a separate entity than in the older 
systems, so that the literature deals with the transmitter 
as an incidental part of a whole system. The same is 
true to some extent with regard to frequency-modula-
tion and television broadcasting, underwater sound, 
most mobile communication systems, and navigational 

aids. 
The literature which appeared during 1946 featured 

primarily the new techniques which had been developed, 
and little was written about the evolution in the design 
of the more "conventional" transmitters for communica-
tion, navigation, and broadcasting. The activity in the 
general engineering of "conventional" radio transmitters 
was but slightly represented in the published literature; 
commercial advertisements, however, reflected a marked 
and vigorous development and served as a barometer of 

progress. 
Radio transmitters of greatly diversified types had 

come into use during the war in connection with walkie-
talkies, handy-talkies, radar, proximity fuzes, beacons, 
guided missiles, loran, and innumerable other applica-
tions. There had also been a great deal of engineering 
devoted to special transmitters for wave-propagation 

studies. 
(1) C. J. Marshall and L. Katz, "Television equipment for guided 

missiles," PROC. I.R.E., vol. 34, pp. 375-401; June, 1946. 
(2) R. D. Kell and G. C. Sziklai, "Miniature airborne television 

equipment," RCA Rev., vol. 7, pp. 338-357; September, 1946. 
(3) Daniel E. Noble, "Details of the SCR-300 FM walkie-talkie," 

Electronics, vol. 18, pp. 204, 209, 212, 216; June, 1945. 
(4) F. Rockett, "Proximity fuze," Electronics, vol. 18, pp. 110-111; 

November, 1945. 
(5) W. S. Hinman, Jr. and Cledo Brunetti, "Radio proximity fuze 

design," Jour. Res., Nat. Bur. Stand., vol. 37, p. 113; July, 
1946. 

(6) J. G. Nordahl, "Tank radio set," Bell Lab. Rec., vol. 23, pp. 
1-5; January, 1945. 

(7) T. W. Wigton, "Railroad radio communication on the VHF'S," 
Radio, vol. 29, pp. 35-39; August, 1945. 

The war period saw a revival of very-low-frequency 
and low-frequency communications, especially in the 
auroral zones where high-frequency conditions are 
often unfavorable. Many new transmitter designs were 
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manufactured in great numbers and placed in service in 
point-to-point, marine coastal, and aviation and marine 
navigation systems. The use of low-frequency airways 
aids continued while very-high frequencies were being in-
stalled. Future long-range navigation trends indicate an 
increasingly important role for low frequencies and new 
developments in high-power low-frequency transmitters 
are indicated. A very-low-frequency transmitting sta-
tion of 1000 kilowatts output was used by the Germans 
for long-distance communication with submarines. 

Broadcasting 

There has been a steady upward trend in the number 
of broadcasting stations, and the transmitter power is 
increasing year after year in all bands, from that used 
for European low-frequency broadcasting up through 
the band used for frequency-modulation broadcasting 
in the United States. A new International Broadcasting 

TABLE 1 

RADIO BROADCAST STATIONS FOR W HICH LICENSES AND CONSTRUC-
TION PERMITS ISSUED BY THE FEDERAL COMMUNICATIONS COM-

MISSION WERE OUTSTANDING.ON DECEMBER 31, 1946 

Class of Broadcast Station 

Number of 
Licenses and 
Construction 
Permits 

Standard 
Commercial high-frequency (frequency modulation) 
Conditional grants 

Experimental high-frequency 
Commercial television 
Experimental television 
International 
Facsimile 
Noncommercial educational 
Developmental 

1520 
473 
211 
1 
51 
67 
38 
3 
28 
37 

Union in Europe was organized to deal with frequency-
assignment matters in that region. Applications to the 
Federal Communications Commission in the United 
States for licenses for broadcasting stations were at an 
all-time high. Similar activity existed in almost all of 
the nations of the Western hemisphere. Short-wave 
broadcasting was expanded enormously throughout the 
world, with many new countries participating and the 
power employed increasing. There were many 50-, 100-
and 200-kilowatt transmitters in use, and powers up to 
500 kilowatts are indicated in the near future. Growth of 
frequency-modulation broadcasting was indicated by 
the fact that more than 900 applications were pending 
at one time before the Federal Communications Com-
mission. Some applicants proposed to use transmitter 
powers as high as 50 kilowatts. These facts, revealed by 
the news rather than the technical literature, showed the 
impetus behind transmitter engineering and the reasons 
for present and future record manufacturing activities. 
New economic conditions and new power tubes were 
dominant factors in progress in transmitter design. 

(8) H. Romander, "Engineering details of OWI 200 kw units," 
Elec. Ind., vol. 4, pp. 100-103, 158, 162; October, 1945. 

(9) 'The Programme of Work of la Radio-diffusion Francaise," 
M. A. Genie Civ., vol. 123, p. 52; February 15, 1946. 

(10) N. J. Oman, "A new exciter unit for frequency modulated 
transmitters," RCA Rev., vol. 7, pp. 118-130; March, 1946. 

During recent years an important evolution of low-
and medium-power transmitters has been evidenced by 
increasing applications of transmitters employing multi-
ple radio-frequency sections, each tuned for a single 
working frequency and arranged for simultaneous opera-
tion on two or more frequencies selectable by remote 
control. Multichannel transmitters of this type are 
popular for airways-ground and point-to-point com-
munications, and all the leading manufacturers now 
offer equipment of this type. 
The use of single-sideband equipment for high-fre-

quency point-to-point public telephony has grown to 
large proportions in recent years. Many such services to 
world points were by a combination of radio and land-
line relay, and this was supplemented in some cases by 
direct radio circuits. Many new terminal points were also 
added to the world radiotelephone system. The effi-
ciency of this system in power, in circuit stability, and 
in spectrum conservation has resulted in its general 
adoption throughout the world. 
During the war, teleprinter operation on single side-

band was used in a system known as two-tone voice-
frequency telegraph, wherein one audio tone was used 
for the marking signal and another for the spacing sig-
nal. This form of frequency multiplexing permitted as 
many as six telegraph channels on one sideband, or 
twelve in the case of twin-channel single sideband. Un-
der disturbed propagation conditions, the same number 
of tones could be used for a smaller number of tele-
printer channels by marking and spacing with multiple 
tones. 

Frequency-Shift Keying 

The advent of frequency-shift keying in high-fre-
quency communication occurred during the war and 
was being used increasingly. Frequency-shift exciters 
were produced for commercial use with existing high-
frequency telegraph transmitters. In this system of com-
munication, the radio transmitter is unusual only in the 
application of the keying signals to the frequency-shift 
exciter, which replaces the conventional master oscilla-
tor. The advantages of the system are realized by the 
receiving technique, as in frequency-modulation systems 
generally. Frequency-shift facsimile and radiophoto 
transmission were also developed. 

(11) C. F. P. Rose, "A 60-kilowatt high-frequency transoceanic-
radiotelephone amplifier," PROC. I.R.E., vol. 33, pp. 657-662; 
October, 1945. 

(12) H. 0. Peterson, J. B. Atwood, H. E. Goldstine, G. E. Hansel!, 
and R. E. Shock, "Observations and comparisons on radio 
telegraph signaling by frequency shift and on-off keying," RCA 
Rev., vol. 7, pp. 11-31; March, 1946. 
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(13) F. Vinton Long, "AACS radioteletype weather transmission 
system," Communications, vol. 26, pp. 16, 18, 20, 52-55; Sep-
tember, 1946. 

(14) T. A. Jones and K. W. Heger, "Performance characteristics of 
various carrier telegraph methods," Bell. Sys. Tech. Jour., vol. 
25, pp. 483-531; July, 1946. 

During the year, radiotelephone service was inaugu-
rated between radio stations at fixed points and automo-
: tive vehicles. In certain cities in the United States this 
was being done as an extension of the land-line telephone 
• service. Frequency-modulation equipment on very-high 
frequencies was used and two-way operation was ob-
tained by a "press-to-talk" telephone instrument in the 
vehicle. 
Experience with grounded-grid operation of power 

amplifiers continued favorably as new tubes of charac-
teristics suitable for this mode of operation at higher 
and higher frequencies became available. Grounded-grid 
operation was quite general in most new high-frequency 
and very-high-frequency power amplifiers when triodes 
were used. However, tetrode amplifiers were widely used 
at powers for which suitable tetrodes were available. 
Class-B high-level modulation of a class-C power am-

plifier was the dominant system of amplitude-modulat-
ing radio transmitters throughout the world. Only 
occasional exceptions were noted. The Doherty system 
of high-efficiency linear amplification continued in use 

i in some degree. Other systems of high-efficiency linear 
I amplification have been occasionally disclosed. These, 
together with the many systems suggested during the 
1930's, when special effort was directed to this subject, 
have found almost no commercial adoption. 
Feedback techniques for audio amplifiers and modu-

lation systems were the subject of further study and 
improvement. One important contribution to modulator 
feed-back circuits was the cathode follower, which re-
placed the former modulator-driver two-winding trans-
former which was troublesome because of its phase-fre-
quency characteristics. 

(15) S. T. Fisher, "A new method of amplifying with high efficiency 
a carrier wave modulated in amplitude by a voice wave," PROC. 
I.R.E., vol. 34, pp. 3P-14P; January, 1946. 

(16) H. W. Bode, 'Network Analysis and Feedback Amplifier 
Design," D. Van Nostrand Company, Inc., New York, N. Y.; 
1945. 

During the war, a broadcast transmitter of 2500 kilo-
watts output was placed in operation. Its location and 
purpose are not revealed. Others of 500 kilowatts and 
800 kilowatts were also commissioned but have not yet 
been described. 
Radio transmitters of many specialized kinds were de-

veloped for navigational applications. Some of the trans-
mitters employed pulse techniques and tome continu-
ous waves. The frequencies employed run through the 
entire present-day radio spectrum. 

Pulse Techniques 

During the war, pulse techniques were developed for 

applications from low frequencies (low-frequency loran 
and sonar) through to the microwaves (radar, etc.) and 
in powers from milliwatts to megawatts. Pulse genera-
tion was solely a transmitter function in all pulse sys-
tems, and pulse transmitters became a whole new field 
of radio transmitter technology. Already the literature 
contains important papers on this subject. Even though 
the birth of pulse transmitters occurred years ago in 
ionosphere explorations, its recent evolution has placed 
it definitely in the realm of new technology. 

(17) D. D. Grieg, "Pulse-time modulation radio relay system," 
Electronics, vol. 19, pp. 95-96 (Abstract); March, 1946. 

(18) R. E. Lacy, "Muliichannel microwave radio relay equipments 
for the Army," Electronics, vol. 19, pp. 96-108 (Abstract); 
March, 1946. 

One type of pulse transmitter, which was described 
during the year, consisted essentially of a stable fre-
quency source, which set the pulse rate, a clipper-
differentiator-clipper chain which shaped the pulse and 
determined its duration, and subsequent power ampli-
fiers which raised the power level to that desired for the 
application. Another form was that in which pulsing 
was accomplished in the modulating circuits and applied 
as a pulse of plate potential to a self-oscillator. In the 
latter, the pulse rate .was sometimes set by spark dis-
charge and the pulse characteristics set by a pulse-shap-
ing network such as a Guillemin line. The power level 
was determined by the plate potential applied during 
the pulse. This technique differed almost completely 
from that of conventional transmitters. The simplest 
form of pulse transmitter was the blocking oscillator. 
References to published papers dealing with radar are 

given in the section of this review entitled, "Navigation 

Aids." 

Relay Systems 

Pulse methods were applied successfully to radio 
relaying at frequencies where it was practical to employ 
pulses of short duration with their resulting wide band-
widths. Military field equipment developed during the 
war made available multichannel telephone and tele-
graph operation over links and relay circuits by time-
division multiplex modulation, assigning to successive 
pulses a sample of the status of the signal in each suc-
cessive channel. Modulation in these equipments was 
by the pulse-time or pulse-position method. 
Radio relaying by continuous-wave methods was also 

exploited successfully, employing frequency modulation, 
either single or double. On account of the low power 
used, the radio transmitter equipment resembled closely 
the receiver and other portions of the equipment and 
sometimes used identical tubes, thus substantially merg-
ing these normally opposite fields of radio engineering. 

(19) John J. Kelleher, "Pulse-modulated radio relay equipment," 
Electronics, vol. 19, pp. 124-129; May, 1946. 

(20) D. D. Grieg and A. M. Levine, "Pulse-time modulated multi-
plex radio relay system—terminal equipment," Elec. Commun., 
vol. 23, pp. 159-178; June, 1946. 
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(21) D. D. Grieg, "Multiplex broadcasting," Ekc. Commun., vol. 
23, pp. 19-26; March, 1946. 

(22) William R. Greer, "Pulse modulating system," Electronics, vol. 
19, pp. 126-131; September, 1946. 

(23) James F. Gordon, "A new angular-velocity-modulation system 
employing pulse technique," PROC. I.R.E., vol. 34, pp. 328-
334; June, 1946. 

(24) C. R. Burrows and A. Decino, "Ultra-short-wave multiplex," 
PROC. I.R.E., vol. 33, pp. 84-94; February, 1945. 

(25) N. F. Schlaack and A. C. Dickieson, "Cape Charles-Norfolk 
ultra-short-wave multiplex system," PROC. I.R.E., vol. 33, 
pp. 78-83; February, 1945. 

(26) W. S. Marks, Jr., 0. D. Perkins, and W. R. Clark, "Radio-
relay communication systems in the United States Army," 
PROC. I.R.E., vol. 33, pp. 502-522; August, 1945. 

(27) F. J. Bingley, "VHF multiple-relay television network." Elec-
tronics, vol. 18, pp. 102-108; October, 1945. 

(28) C. W. Hansel!, "Radio-relay systems development by the 
Radio Corporation of America," PROC. 1.R.E., vol. 33, pp. 
156-168; March, 1945. 

(29) "Multi-channel pulse modulation," Wireless World, vol. 52, 
pp. 187-192; June, 1946. 

(30) "Army No. 10 set," Wireless World, vol. 36, pp. 282-285; 
September, 1946. 

(31) H. Chireix, "Determination of noise power and signal-noise 
ratio for the case of simplex or multiplex radio transmission on 
ultra short-waves by (a) amplitude or duration-modulated 
pulses; (b) frequency modulated pulses," Ann. Radioelec., vol. 
1, pp. 55-64; July, 1945. 

A radio-relay system for commercial telegraph service 
linking New York and Philadelphia was placed in opera-
tion in July, 1946. Progress was made in the installation 
of three additional systems to connect New York, Wash-
ington, and Pittsburgh. These circuits are to operate in 
the 4000-megacycle range with a signaling bandwidth 
of 150 kilocycles. They can accommodate as many as 
512 duplexed teleprinter circuits. 

(32) J. Z. Millar, "A preview of the Western Union system of radio 
beam telegraphy," Jour. Frank. Inst., vol. 241, pp. 397-413; 
June, 1946; and vol. 242, pp. 23-40; July, 1946. 

(33) F. B. Bramhall, "Radio relays for telegraphy," Elec. Eng., vol. 
65, pp. 516-520; November, 1946. 

(34) C. W. Hansel!, "Development of radio relay systems," RCA 
Rev., vol. 7, pp. 367-384; September, 1946. 

(35) G. G. Gerlach, "A microwave communication system," RCA 
Rev., vol. 7, pp. 576-600; December, 1946. 

During 1946, a system of ultra-high-frequency broad-
casting was proposed for eight simultaneous programs 
transmitted by means of time-division multiplexing of 
pulses by pulse-position modulation. 

(36) D. D. Grieg and A. G. Kandoian, "Pulse-time multiplex broad-
casting of the ultra-high-frequencies," Proc. National Elec-
tronics Conference, 1946. 

Transmitter Circuit Design 

Transmitter design principles have evolved, during 
very recent years, from lumped L and C circuits to 
distributed circuits of the transmission-line type and 
then into enclosed spaces such as wave guides and cavi-
ties. As the frequency of transmission increased, more 
and more of the transmitter was built into the tube. 
Ultra-high-frequency and super-high-frequency tubes 
exemplify the evolution of tube and tuned circuit built  (46) 
into one. 

For references to work on cavity resonators, see the  (47) 
section of this review entitled, "Radio Wave Propaga-
tion." 

A vacuum-contained push-pull triode transmitter 
was described in which the resonating grid and plate 
circuits were in the evacuated space and formed in-
tegral parts of the grid and plate structures. The tube 
was used with a tuned filament line. It could oscillate 
in a narrow frequency band between 200 and 700 mega-
cycles per second. Its output was 200 to 300 kilowatts 
peak pulsed power and it could also be used for continu-

ous waves. 
(37) H. A. Zahl, J. E. Gorham, and G. F. Rouse, "A vacuum-con-

tained push-pull triode transmitter," Pa m. I.R.E., vol. 34, 
pp. 661,V-69W; February, 1946. 

Telegraph Switching Systems 

During the war, reperforator switching systems weie 
installed in the central offices of the telegraph company 
in several large cities in the United States, replacing the 
former manual methods of relaying messages. An-
nouncement was made of a program for extending semi-
automatic message relaying on a country-wide basis 
utilizing microwave radio and carrier-current transmis-
sion. It is planned to divide the United States into 
state-wide or larger areas, each served by a single cen-
tral office. Such offices, operating on a semiautomatic 
basis, would have circuits to all telegraphic points 
within their respective state areas. Area central offices 
would then be interconnected by trunk route systems. 
Both the inter- and intra-area circuits are expected to 
make liberal use of radio-relay circuits. 
Over-all goals of this system reorganization are fewer 

central-office handlings per message, reduced central-
office transit time, and improved accuracy through the 
elimination of manual repetitions. 

(38) F. E. D'Humy and H. L. Browne, "Recent developments in 
telegraph switching," Trans. A.I.E.E. (Elec. Eng., February, 
1940), vol. 59, pp. 71-77; February, 1940. 

(39) F. E. D'Humy and P. J. Howe, "American telegraphy after 100 
years," Trans. A.I.E.E. (Elec. Eng., December, 1944), vol. 63, 
pp. 1014-1032; December, 1944. 

(40) R. E. Hanford, "United Air Lines reperforator switching 
systems," Elec. Commun., vol. 22, no. 4, pp. 203-211; 1945. 

Transmitter Techniques 

Among other published papers relating to radio trans-
mitter techniques were the following: 

(41) J. R. Pierce, 'Reflex oscillators," PROC. I.R.E., vol. 33, pp. 
112-118; February, 1945. 

(42) R. J. Kircher, "A coil-neutralized vacuum-tube amplifier at 
very-high frequencies," PROC. 1.R.E., vol. 33, pp. 838-843; 
December, 1945. 
Werner Muller, "Transition oscillator for high stability," Elec. 
Ind., vol. 4, pp. 110- 112,134,136,138; December, 1945. 
J. S. Jackson, "Analysis of parasitic oscillations in radio trans-
mitters," Radio News, vol. 35, pp. 68, 70, 86, 88; February. 
1946. 

(45) J. R. Brinkley, "A method of increasing the range of VHF 
communication systems by multi-carrier amplitude modula-
tion," Jour. I.E.E. (London), vol. 93, part III, pp. 159-166; 
disc. pp. 167-176; May, 1946. 
J. F. Gordon, "A new angular-velocity-modulation system em-
ploying pulse techniques," PROC. I.R.E., vol. 34, pp. 328-334; 
June, Young, 01u9n4g6: 
N   "Television transmitter for black-and-white and 
color television," Proc. National Elect roads Conference, 1946. 

(48) W. R. Rambo, "Frequency modulation of high-frequency 
power oscillators,' Proc. National Ekctronics Conference, 1946. 

(43) 

(44) 



1947  Radio Progress 

(49) Robert Samuelson, "Microwave generators," Proc. National 
Electronics Conference, 1946. 

(50) J. B. Fisk, H. D. Hagstrum, and P. L. Hartman, "The mag-
netron as a generator of centimeter waves," Bell Sys. Tech. 
Jour., vol. 25, pp. 167-348; April, 1946. 

(Si) E. I. Green, H. J. Fisher, and J. G. Ferguson, "Techniques and 
facilities for microwave radar testing," Bell Sys. Tech. Jour., 
vol. 25, pp. 435-482; July, 1946. 

Frequency Modulation 

During 1946 the developments in frequency modula-
tion progressed as rapidly as the reconversion process 
would permit. Many new models of frequency-modula-
tion broadcast transmitters were announced. Frequency-
modulation receivers did not begin to appear on the 
market until the latter part of the year, at which time 
a few of the larger, more expensive, console type were 
released. Applications for frequency-modulation broad-
casting licenses were being filed at a rapid rate and in 
some areas the available frequency spectrum was satu-
rated. In April, the Federal Communications Commis-
sion authorized "interim operation" in which frequency-
modulation broadcast stations were allowed to operate 
with low power and temporary antenna systems on 
either the old 43- to 50-megacycle band or the new 88 to 
108-megacycle band "pending the availability of full 
equipment" At the end of the year a few stations were 
still operating on the low-frequency band. In November 
the Commission authorized, on an optional basis, the 
radiation of circular or elliptical polarization, but re-
tained the standard of horizontal polarization where 
only one polarization was radiated. 
One method of generating frequency modulation was 

•described in which a special tube was devised to produce 
phase modulation by beam deflection in a cathode-ray 
type of tube. The beam was deflected in a manner such 
that the phase modulation was given the proper com-
pensation to convert it to frequency modulation. 

(52) Robert Adler, "Phasitron modulator," FM and Television, vol. 
5, pp. 30-31, 68; December, 1945. 

(53) F. M. Bailey and H. P. Thomas, "Phasitron FM transmitter," 
Eledronics, vol. 19, pp. 108-112; October, 1946. 

Another modulator was described in which phase 
modulation was generated from pulse-time modulation 
by means of a mechanically saturated nonlinear coil. 

(54) L. R. Wrathall, "Frequency-modulation by nonlinear coils," 
Bell Lab. Rec., vol. 24, pp. 102-105; March, 1946. 

Other frequency-modulation transmitters were de-
scribed which employed modifications of reactance-tube 
frequency modulation involving somewhat different 
methods of producing the frequency variations and 
effecting automatic frequency control. 

(55) J. R. Boykin, "FM frequency control system," Radio, vol. 30, 
pp. 20-22, 62-63; February, 1946. 

(56) NI Silver, "Federal FM broadcast transmitter," FM and Tele-
vision, vol. 6, pp. 34-36; February, 1946. 

A new type of frequency-modulation detector was de-
scribed which had the property of insensitivity to am-
plitude modulation, so that the limiter preceding the 
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detector was made unnecessary. The circuit involved a 
locked-in oscillator and comprised only a single tube and 
discriminator circuit. Further description was given of 
the ratio type of detector, which has the same property 
of insensitivity to amplitude modulation. 

(57) William E. Bradley, 'Single-stage FM detector," Electronics, 
vol. 19, pp. 88-91; October, 1946. 

(58) S. W. Seeley, "New ratio detector simplifies FM receiver de-
sign," Broadcast News, no. 42, pp. 46-47; January, 1946. 

A frequency-modulation signal generator was de-
scribed employing a master-oscillator—amplifier circuit 
instead of the usual heterodyne system. The spurious 
responses attendant to the heterodyne system were 
therefore eliminated. Modulation calibration was held 
constant by means of a circuit design in which the de-
gree of frequency deviation was independent of output 
frequency. 

(59) Donald M. Hill and Murray G. Crosby, "Design of FM signal 
generator," Electronics, vol. 19, pp. 96-101; November, 1946. 

Further consideration of fundamental frequency-
modulation theory was offered by various workers in the 
field. Studies were also made of frequency-modulation 
propagation. 

(60) 

(61) 

(62) 

(63) 

(64) 

(65) 

(66) 

B. van der Pol, "The fundamental principles of frequency-
modulation," Jour. I.E.E. (London), vol. 93, part III, pp. 
153-158; May, 1946. 
J. Ernest Smith, "Theoretical signal-to-noise ratios," Elec-
tronics, vol. 19, pp. 150-152, 154; June, 1946. 
W. J. Frantz, "The transmission of a frequency-modulated 
wave through a network," PROC. I.R.E., vol. 34, pp. 114P-
125P; March, 1946. 
P. Guttinger, "The mutual effect of two frequency-modulated 
waves in limiters," Brown Boveri Rev., vol. 31, pp. 296-297; 
September, 1944. 
P. Guttinger, "Effect of frequency and phase distortions on 
frequency-modulated waves" (in German), Assoc. Suisse Elect. 
Bull., vol. 36, pp. 261-269; May 2, 1945. 
M. S. Corrington, "Frequency-modulation distortion caused by 
multipath transmission," PROC. I.R.E., vol. 33, pp. 878-891; 
December, 1945. 
S. T. Meyers, "Nonlinearity in frequency-modulation radio 
systems due to multipath propagation," PROC. I.R.E., vol. 34, 
p. 256; May, 1946. 

Applications of frequency modulation to telegraphy 
were described in which improvements in transmission 
and operating efficiency were reported. 

(67) H. 0. Peterson, John B. Atwood, H. E. Goldstine, Grant E. 
Hansell, and Robert E. Schock, "Observations and compari-
sons on radio telegraph signaling by frequency shift and on-off 
keying," RCA Rev., vol. 7, pp. 11-31; March, 1946. 

(68) Chris Buff, "Frequency shift keying technique," Radio, vol. 30, 
pp. 14-17, 30; August, 1946. 

Narrow-band frequency modulation was investigated 

for amateur uses. 

(69) J. Babkes, "Narrow-band FM for amateur use," CQ, vol. 2, 
pp. 7-8, 61-63; March, 1946. 

(70) J. C. Geist, "Simplified f .m.," QST, vol. 29, pp. 29-30, 90; De-
cember, 1945. 

(71) Geo. W. Shuart, "Narrow-band f.m. with crystal control," 
QST, vol. 30, pp. 27-29; November, 1946. 

Clipping Limiter 

Instruments and observations were described in which 
a clipping limiter was applied to the input of a voice-
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modulated transmitter. Improvements in signal-to-
noise ratio were obtained during conditions of high 
noise or interference level. 

(72) W. W. Smith, "Premodulation speech clipping and filtering," 
QST, vol. 30, pp. 46-50; February, 1946. 

(73) John W. Smith and N. H. Hale, "Speech clippers for more effec-
tive modulation," Communications, vol. 26, pp. 20-22, 24-
25; October, 1946. 

(74) K. D. Kryter and others, "The combined effects of clipping 
and peaks of speech waves in an ATB transmitter and limiting 
static peaks in the ARB receiver," Bibliography of Scientific 
and Industrial Reports, vol. 2, p. 95, PB19806,'June 12, 1946. 

(75) J. C. R. Licklider and E. B. Newman, "Field tests of pre-
modulatipn clipping in the transmitter of a type 19 wireless 
set," Bibliography of Scientific and Industrial Reports, vol. 2, 
p. 95, PBI9809, July 12, 1946. 

(76) J. C. R. Licklider and others, "A premodulation clipper unit 
voice-communication transmitters," Bibliography of Scientific 
and Industrial Reports, vol. 2, p. 95, PB19807, July 12, 1946. 

Navigation Aids 
The year 1946 marked the release of information on 

radio navigational systems developed in secrecy during 
the war years. The availability of these military systems 
for civilian use, together with the great need for im-
proved techniques in handling congested air and marine 
traffic, resulted in a high degree of technical activity. To 
follow this activity, and to assist in the formulation of 
definitions and standards, the Institute formed a 
Technical Committee on Navigation Aids. 
This committee, in preliminary studies, divided navi-

gation aids into three types: radial systems, hyperbolic 
systems, and directional systems. In the radial systems 
(radar, shoran, transponder beacons, etc.) the position 
of the navigator is measured by timing the traverse of 
a radio wave along two or more radii centered on fixed 
points of known position. In the hyperbolic systems 
(loran, gee, decca, etc.) the position is determined by 
noting the difference in time of arrival from transmis-
sions at three or more fixed points of known position. 
The directional systems (Adcock, loop direction finder, 
and low-frequency and very-high-frequency radio-range 
beacons) indicate position from the direction of arrival 
of the wave front to or from two or more stations of 
known position. These systems, singly or in combina-
tion, provide facilities for (1) long-range navigation, 
(2) approach (air) or pilotage (marine), and (3) instru-
ment landing (air) or docking (marine). 

Radar Systems 

The release of information on radar has resulted in the 
extensive bibliography given below. This is divided for 
convenience into general references, ground-based ra-
dar, airborne radar, and marine radar. 

Historical 

(77) C. D. Tuska, "Historical notes on the determination of 
distance by timed radio waves," Jour. Frank. hist. vol. 237, 
pp. 1-20; January, 1944; pp. 83-102; February, 1944. 

(78) S. Cripps, "The pioneers of radio location," Elec. Eng. vol. 17. 
pp. 680-686; September, 1945. 

(79) L. A. DuBridge, "History and activities of the Radiation 

Laboratory of the Massachusetts Institute of Technology," 
Rev. Sci. Instr., vol. 17, pp. 1-5; January, 1946. 

(80) "Navy releases Sonar story," Electronics, vol. 19, pp. 284, 286, 
288, 290, 292, 294; May, 1946. 

(81) R. B. Colton, "Radar in the United States Army. History of 
early development at Signal Corps Laboratories, Fort Mon-
mouth, N. J.," PROC. I.R.E., vol. 33, pp. 740-753; November, 
1945. 

(82) E. G. Bowen, "The historical development of radar," Proc. 
I.R.E. (Australia), vol. 7, pp. 3-7; March, 1946. 

(83) R. L. Smith-Rose, "Radio location," Wireless World, vol. 51, 
pp. 34-37; February, 1945; pp. 66-70; March, 1945. 

(84) "Radar stories are released by U. S. and Great Britain," Elec-
tronics, vol. 16, pp. 274, 278, 280, 282; June, 1943. 

(85) "German views on British radar," Electronic Eng. vol. 17, p. 
686; September, 1945. 

General Information 
(86) D. G. Fink, "The radar equation," Electronics, vol. 18, pp. 92-

94; April, 1945. 
(87) E. V. Appleton, "The scientific principles of radio location," 

Jour. I.E.E., (London), vol. 92, part I, pp. 340-353; Septem-
ber, 1945.  • 

(88) R. L. Smith-Rose, "Radiolocation or radar," R.S.G.B. Bull. 
vol. 21, pp. 119-125; February, 1946. 

(89) L. A. Du Bridge, "The future of radar," (Abstract) Electronics, 
vol. 19, pp. 254, 256; January, 1946; and (Abstract) Elec. Ind., 
vol. 4, pp. 77, 80, December, 1945. 

(90) L. N. Ridenour, "Radar in war and peace," Elec. Eng., vol. 
65, pp. 202-207; May, 1946. 

(91) Clinton B. DeSoto, "-Radar techniques," QST, vol. 29, pp. 20-
23, April, 1945; pp. 46-49, May, 1945; pp. 44-49, June, 1945; 
pp. 47-52, 86, 88, 90; August, 1945. 

(92) G. R. Bozzoli, "An introduction to radiolocation," Trans. S. 
Afr. Inst. Elec. Eng., vol. 35, pp. 77-83; July, 1944. 

(93) H. Stoelzel, "Radar technique," Schweiz Bauzgt., vol. 126, pp. 
249-252; December 1, 1945 (in German). 

(94) E. G. Schneider, "Radar," PROC. I.R.E., vol. 34, pp. 528-578; 
August, 1946. 

(95) D. A. Quarles, "Radar systems considerations," Trans. 
A.I.E.E. (Elec. Eng., April, 1964) vol. 65, pp. 209-215; April, 
1946. 

(96) "Achievements of radar," Wireless World, vol. 51, pp. 269-270; 
September, 1945. 

(97) "Radar—a report on science at war," Jour. Appl. Phys., vol. 
16, pp. 491-493; September, 1945. 

(98) D. G. Fink, "Radar warfare," Electronics, vol. 18, pp. 92-97; 
October, 1945. 

(99) "Fundamentals of radar," Wireless World, vol. 51, pp. 299-
303; October, 1945. 

(100) "Radar secrets given to public by U. S. and British govern-
ments," Telegr. and Teleph. Age., vol. 63, pp. 6, 8, 10, 34; 
September, 1945. 

(101) F. S. Goucher, J. R. Haynes, W. A. ,Depp, and E. J. Ryder, 
"Spark gap switches for radar," Bell Sys. Tech. Jour., vol. 25, 
pp. 563-602; October, 1946. 

(102) E. Peterson, "Coil pulsers for radar," Bell Sys. Tech. Jour., 
vol. 25, pp. 603-615; October, 1946. 

Ground-Based Equipment 

(103) D. G. Fink, "Radar specifications," Electronics, vol. 18, pp. 
116-119; November, 1945. 

(104) D. G. Fink, "The SCR-268 radar," Electronics, vol. 18, pp. 100-
109; September, 1945. 

(105) D. G. Fink, "SCR-545 radar," Electronics, vol. 19, p. 198; 
January, 1946; Correction to "Radar specifications" quoted 
above. 

(106) D. G. Fink, "The SCR-584 radar," Electronics, vol. 18, pp. 
104-109; November, 1945; vol. 18, pp. 104-109; December, 
1945; vol. 19, pp. 110-117; February, 1946. 

(107) H. A. Straus, L. J. Rueger, C. A. Wert, S. J. Reisman, M. 
Taylor, R. J. Davis, and J. H. Taylor, "Fire-control radar 
MPG-I," Electronics, vol. 18, pp. 92-97; December, 1945; vol. 
19, pp. 110-117; January, 1946; vol. 19, pp. 140-147; March, 
1946. 

(108) W. A. Cole, "Trans-Canada air lines radar installation," Eng. 
Jour. Montreal, vol. 29, pp. 228-233; April, 1946. 

(109) W. C. Hendricks, "Lightweight radar for early warning," com-
munications, vol. 26, p. 54; January, 1946. 

(110) P. A. Marchant and K. M. Heron, "Post Office equipment for 
radar," P.O.E.E. Jour., vol. 38, pp. 117-120; January, 1946. 

(111) H. A. Zahl and J. W.,Marchetti, 'Radar on 50 centimeters," 
Electronics, vol. 19, pp. 98-104; January, 1946; vol. 19, pp. 
98-103; February, 1946. 
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1;round-Based Radar Applications 

1;112) E. G. Bowen, 'The military application of radar," Proc. I.R.E. 
(Australia), vol. 7, pp. 4-9; May, 1946. 

113) R. A. Smith, 'Radar for civil aviation,' Nature, vol. 157, pp. 
151-153; February 9, 1940. 

114) J. H. DeWitt, Jr., • Ecchnical and tactical features of radar,' 
/oar. Frank. Inst., vol. 241, pp. 97-123; February, 1946. 

115) H. G. Foster, 'Radar in A.A. defense,' Electronic Eng., vol. 
18, pp. 2-8; January, 1946. 

(116) C. W. Watson, G̀round-controlled approach for aircraft," 
Electronics, vol. 18, pp. 112-115, November, 1945. 

(117) R. L. Rod, 'Radio and radar aids to aerial navigation,' Radio, 
vol. 30, pp. 35-39, 60; January, 1946. 

(118) A. C. Clarke, 'Astronomical radar," Wireless World, vol. 52, 
pp. ,321-323; October, 1946. 

(119) J. Mofenson, 'Radar echoes from the moon," Electronics, vol. 
19, pp. 92-98; April, 1946. 

(120) 'UT," Radio Craft, vol. 17, p. 332; February, 1946. 
(121) 'Wartime UNCS of radar," Elect. Times, vol. 108, pp. 232-237; 

August 23, 1945. 
(122) W. C. Hendricks, 'Lightweight radar for early warning,' Com-

munications, vol. 26, p. 54; January, 1946. 
(123) Ii. A. Zahl and J. W. Marc ctti, "Radar on 50 centimeters," 

Electronics, vol. 19, pp. 98-103; February, 1946. 

'Radar Convention Reports 

(124) O. P. Ferrell, *London radiolocation convention,' Radio, vol. 
30, pp. 26, 28, 47, 48; May, 1946. 

(125) •Radiolocation convention," Engineering, vol. 161, pp. 306-
308; March 29, 1946; pp. 319-320; April 5, 1946; p. 367; April 
19, 1946; pp. 389-390; April 26, 1946. 

Radar Books 

I (126) 0. E. Dunlap, Jr., 'Radar; What Radar Is and How ItWorks,• 
Harper and Brothers, New York, N. Y. 1946. 

I (127) R. W. Hallows, "Radar; Radioloattion Simply Explained,' 
Chapman and Hall, London, 1946. 

' (128) John F. Rider and G. C. Baxter Rowe, 'Radar; What It Is,' 
hn F. Rider Publisher, Inc., New York, N. Y. 1946 . 

1 (129)  M.I.T.1 Radar School Staff, "Principles of Radar,' McGraw-
1  Hill Book Co., New York, N. Y. 1946. 

1 

1 Airborne Radar 

(130) E. B. Macmillan, H. Leaderman, and T. J. Suen, 'Design of 
radar antenna housing," Aero Digest, vol. 52, pp. 89-90, 121, 
123; March, 1946. 

(131) L. LeKashman, 'Flight and traffic control aids,' Aero Digest, 
vol. 53, pp. 42-43; September, 1946. 

(132) "Radar trainer for fighter pilots," Aero Digest, vol. 51, p. 114; 
December 15, 1945. 

(133) H. F. Langdon, 'Navigating by altimeter,' Air Transport, vol. 
4, pp. 53-54, 56; May, 1946; pp. 47, 49; July, 1946. 

(134) M. Mickel, "General use of radar by airlines, considered still 
2-3 years away," Ariation News, vol. 5, p. 27; March 18, 1946. 

(135) 'Radar measures the airlines," Canadian Aviation, vol. 19, 
pp. 26-27, 56; February, 1946. 

(136) R. C. Jensen and R. A. Arnett, 'Airborne radar for navigation 
and obstacle detection,' Trans. A.I.E.E. (Elec. Eng., May, 
1945), vol. 65, pp. 307-313; May, 1946. 

(137) Stuart NV. Seeley, 'Shoran precision radar," Trans. A.I.E.E. 
(Elec. Eng., April, 1946), vol. 65, pp. 232-240; April, 1946. 

(138) R. I. Wilkinson, 'Short survey of Japanese radar," Elec. Eng., 
vol. 65, pp. 370-377; August-September, 1946; pp. 455-463; 
October, 1946. 

(139) D. G. Fink, "Fm radar altimeter,' Electronics, vol. 19, pp. 
130-134; April, 1946. 

(140) A. Goldman, "Pulse-type radio altimeter,' Eledron;cs, vol. 19, 
pp. 116-119; June, 1946. 

(141) P. J. Herbst, I. Wolff, D. Ewing, and L. F. Jones, 'The teleran 
proposal,' Electronics, vol. 19, pp. 124-127, February, 1946. 

(142) J. V. Holdam, S. McGrath, and A. D. Cole, 'Radar for blind 
bombing," Electronics, vol. 19, pp. 138-143; May, 1946; pp. 
142-149: June, 1946. 

(143) D. G. Fink, "Radar countermeasures," Electronics, vol. 19, 
pp. 92-97; January, 1946. 

(144) F. J. Larsen, "Ultrasonic trainer circuits,' Electronics, vol. 19, 
pp. 126-129; June, 1946. 

(145) 'Artificial radar target," Electronics, vol. 19, pp. 214, 216; 
February, 1946. 

1 

(146) G. T. Montgomery, 'All weather flying," Electronics, vol. 19, 
pp. 84-87; September, 1946. 

(147) C B. Barnes, 'Radar for carrier-based planes," Electronics, vol. 
19, pp. 100-105; October, 1946. 

(148) L. R. Quarles and W. M. Breawale, F̀actors affecting the range 
of radar sets,' Trans. A.I.E.E. (Elec. Eng., August-September, 
1946), vol. 65, pp. 546-548; August-September, 1946. 

(149) 'Trans-Canada airlines radar installation," Engineering Jour., 
vol. 29, pp. 228-233; April, 1946. 

(150) L. V. Elerkner, 'Naval airborne radar," PROC. I.R.E., vol. 34, 
pp. 671-706; September. 1946. 

(151) L. J. Haworth, 'Radar indicators,' Radio News, Radio Elec-
tronic Eng., vol. 6, pp. 3-6, 28-29; June, 1946. 

(152) 'Shoran for world mapping," Radio News, vol. 36, pp. 112-
113: August, 1946. 

(153) V. Zelull, 'Aircraft radar,' Scientific Ainersc.an, vol. 174, pp. 
204-206; May, 1946. 

(154) 'Fundamentals of radar,' Wireless World, vol. 52, pp. 23-26; 
January, 1946. 

(155) R. C. Jensen and R. A. Arnett, 'Airborne radar for naviga-
tion and obstacle detection,' Trans. A .1 .E. E. (Elec. Eng., May, 
1946), vol. 65, pp. 307-313; May, 1946. 

(156) J. V. Holdam, S. McGrath, and A. D. Cole, 'Radar for blind 
bombing,' Electronics, vol. 19, pp. 138-143; May, 1946; pp. 
142-149; June, 1946. 

(157) W. L. Webb, 'Commercial application of radar,' Benda Radio 
Eng., vol. 2, pp. 39-40; January, 1946. 

(158) Robert L. Rod, 'Radio and radar aids to aerial navigation,' 
Radio, vol. 30, pp. 35-38, 60; January, 1946. 

(159) Thomas Grover and E. C. kluender, 'The electronic navi-
gator," Communications. vol. 26, pp. 30, 36-39; August, 1946. 

(160) Donald F. Folland, 'Use of microwaves for instrument land-
ing,' Radio, vol. 30, pp. 18-22, 47; March, 1946; and pp. 23-
25, 55; April, 1946. 

(161) 'Microwave instrument blind landing system,' Elec, lied., vol. 
5, pp. 60-64, 136; February, 1946. 

Marine Radar 

(162) 'Electronic marine navigator- first commercial radar prod-
uct,' Product Eng., vol. 17, pp. 69-71; January, 1946. 

(163) I. E. Byrnes, 'Merchant marine radar,' RCA Rev., vol. 7, pp. 
54-66; March, 1946. 

(164) 'Radar in navigation, Jour. Frank. Inst., vol. 241, pp. 311-
312; April, 1946. 

(165) D̀emonstration of a marine Metropolitan Vickers radar set,' 
Engineer, vol. 181, pp. 583-584; June 28, 1946. 

(166) 'Electronic navigator on Lakes steamer pierces darkness and 
fog,' Marine Eng., vol. 51, p. 152; August, 1946. 

(167) 'Marine radar equipment,' Engineer, vol. 181, p. 527; June 7, 
1946. 

(168) 'Private radar installation,' Mech. Eng., vol. 68, p. 560; June, 
1946. 

(169) 'Radio aids to marine navigation,' Engineer, vel. 181, pp. 
426-427; May 10, 1946. 

(170) 'Radar on the 'Queen Elizabeth'," Electrician, vol. 137, p. 600; 
August 30, 1946. 

(171) 'Radar on the bridge,' Science Illustrated, vol. 1, pp. 88-91; 
June, 1946. 

(172) 'Radar marine navigation,' ll'estinglwase Eng., vol. 6, pp. 
98-102; July, 1946. 

(173) 'Electronic navigational aids—loran—radar—racon. Basic 
description of electronic aids as applied for commercial use,' 
United States Coast Guard, 1945. 

(174) 'Electronic navigational aids. Advisory minimum specifica-
tion for navigational radars—Supplement No. 1—CG-157-1," 
United States Coast Guard, August 1, 1946. 

(175) 'Radar navigator for commercial shipping," Electronics, vol. 
18, p. 154; October, 1945. 

(176) 'Ship-search radar for troopships," Electronics, vol. 18, pp. 
260, 264; December, 1945. 

(177) L. H. Lynn and 0. H. Winn, 'Marine radar for peacetime use,' 
Trans. A.I.E.E. (Elec. Eng., May, 1946), vol. 65, pp. 271-290; 
May, 1946. 

(178) W. C. Tinus and W. H. C. Higgins, 'Early fire-control radars 
for Naval vessels," Bell Sys. Tech. Jour., vol. 25, pp. 1-47; 
January, 1946. 

Hyperbolic Systems 

Hyperbolic systems were employed extensively dur-
ing the war and have continued in peacetime use. The 
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following bibliography contains the principal papers de-
scribing general principles and the loran, gee, and decca 
systems. 

(179) B. W. Sitterly, "Elements of loran," MIT Rad. Lab. Report 
No. 499, March, 1944. Also available as Nay. Ships 900,027, 
Bureau of Ships; April, 1944. 

(180) "Loran handbook for shipboard operators," Bureau of Ships 
(Ships 278); July, 1944. 

(181) "Loran handbook .for aircraft," Air Forces Manual No. 37, 
Training Aids Division, Office of Assistant Chief of Air Staff, 
Training; September, 1944. 

(182) "Loran transmitting station manual," Nay. Ships 900,060A, 
Bureau of Ships; March, 1945. 

(183) L. S. Harley, "Gee, A new method of radio navigation," Elec-
tronic Eng., vol. 17, pp. 713-716; October, 1945. 

(184) D. G. Fink, "The loran system," Electronics, vol. 18, pp. 94-
99; November, 1945; pp. 110-115; December, 1945; vol. 19, 
pp. 109-115; March, 1946. 

(185) Alexander A. McKenzie, "Loran—the latest in navigational 
aids," QST, vol. 29, pp. 12-16; December, 1945; vol. 30, pp. 
54-57; January, 1946; pp. 62-65, 124; February, 1946.  ' 

(186) R. W. Kenyon, "Principles of loran in position location," 
Elec. Ind., vol. 4, pp. 106-107, 138, 140; December, 1945. 

(187) "The decca navigator; continuous-wave navigation system," 
Wireless World, vol. 52, pp. 93-95; March, 1946. 

(188) M. G. Scroggie, "The decca navigator," Communications, vol. 
26, pp. 21-24; March, 1946. 

(189) David Davidson, "Loran indicator circuit operation," Elec. 
Ind., vol. 5, pp. 84-93, 126, 128, 130, 132; March, 1946. 

(190) J. A. Pierce, "An introduction to loran," PROC. I.R.E., vol. 34, 
pp. 216-234; May, 1946. 

(191) J. A. Pierce, "2-mc sky-wave transmission, as applied to 
loran," Electronics, vol. 19, pp. 146-153; May, 1946. 

(192) "The Decca navigator," Electronic Eng., vol. 18, pp. 166-171; 
June, 1946. 

(193) J. A. Pierce, "An introduction to hyperbolic navigation with 
particular reference to loran," (Abstract), Jour. I.E.E. 
(London) vol.93, part III, pp. 243-245; July, 1946. 

(194) M. G. Scroggie, "Decca navigator stations," Wireless World, 
vol. 52, pp. 260-262; August, 1946. 

Directive Systems 

Since directive navigation systems were in wide use 
before the war, the wartime advances were not as spec-
tacular as those in the radar and the hyperbolic fields. 
However, substantial contributions to the knowledge of 
wave-front errors and propagation effects were made 
during the war years, and many new devices based on 
wave-front direction were developed. The following 
bibliography covers directive systems: 

(195) Peter Caporale, "The CAA instrument landing system," 
Electronics, vol. 18, pp. 116-124; February, 1945 and pp. 128-
135; March, 1945. 

(196) P. J. Herbst, I. Wolff, D. Ewing, and L. F. Jones, "The Teleran 
proposal," Electronics, vol. 19, pp. 124-127; February, 1946. 

(197) Sydney Pickles, "Army air force portable instrument landing 
system," Elec. Commun., vol. 22, no. 4, pp. 262-294; 1945. 

(198) D. G. C. Luck, "An omnidirectional radio-range system," RCA 
Rev., vol. 7, pp. 94-117; March, 1946. 

(199) Andrew Alford, Armig G. Kandoian, Frank J. Lundburg, and 
Chester B. Watts, Jr., "An ultra-high-frequency radio range 
with sector identification and simultaneous voice," PROC. 
I.R.E., vol. 34, pp. 9W-17W; January, 1946. 

(200) A. Scott, "New four band ADF," Air Transport, vol. 4, pp. 
67-68, 71; April, 1946. 

(201) H. Busignies, P. R. Adams, and R. I. Colin, 'Aerial navigation 
and traffic control with Navaglobe, Navar, Navaglide and 
Navascreen," Elec. Commun., vol. 23, pp. 113-143; June, 
1946. 

(202) .J. F. Manildi, "Elimination of direct-reading compass errors 
by proper aircraft design," Aeronautical Eng. Rey., vol. 5, pp. 
3-10; May, 1946. 

(203) "Microwave instrument blind landing system," Elec. Ind., vol. 
5, pp. 60-64, 136; February, 1946. 

(204) M. Reison, "Direction finder," U. S. Patent No. 2,377,902. 
(205) F. Penin, "Mutual perturbations of two loop direction finders," 

L'Onde Elec., p. 1010; March, 1946. 

Government and Industry Activity 

Aside from revelations of wartime devices, the prin-
cipal advance of the year was agreement among industry 
and government organizations on a program of stand-
ardization for immediate use of various facilities. The 
need for international standardization of navigational 
aids, particularly for air transport, gave rise to intensive 
consideration of the merits of different systems by the 
Provisional International Civil Aviation Organization 
(PICAO). Demonstrations of various systems in Eng-
land, in the United States, and in Canada resulted in an 
agreement, reached at Montreal near the end of 1946, 
on the following program: 

Instrument landing: localizer, glide-path, and 
marker beacons, similar to the CAA or SCS51 (U. S. 
Army) system. Radar-guided approach (GCA sys-
tem) may be used as a supplementary aid. 
Short-distance navigation: very-high-frequency 

(VHF) omnidirectional radio range in conjunction 
with radar transponder beacons. Supplementary 
gee coverage in Europe. 
Long-range navigation: continuation of existing 

low-frequency radio range beacons, beacons for use 
with direction finders, and standard loran; installa-
tion of low-frequency (LF) loran facilities on 180 
kilocycles. 
The way was left open for development and use of 

other systems, such as teleran, navar, lanac, pressure-
pattern flight, radar altimeters, etc. 

(206) F. M. Holz, "PICAO radio group selects CAA's ILS for 
standard use," American Aviation, vol. 10, p. 23; December 
15, 1946. 

(207) "Instrument landing system now available to airlines," Ameri-
can Aviation, vol. 10, p. 54; July 1, 1946. 

(208) "GCA to be put under three months CAA test at Indianapolis 
base," American Aviation, vol. 9, p. 42; April 1, 1946. 

(209) "CAA's blind landing system put into use; GCA work con-
tinues," CAA Jour., vol. 7, p. 72; June 15, 1946. 

(210) "CAA speeds work on vhf radio aids-for private flying," CAA 
Jour. vol. 7, p. 29; March 15, 1946. 

(211) "PICAO technicians viewing U. S. radio navigation aids," 
CAA Jour., vol. 7, pp. 125-126; October 15, 1946. 

(212) "CAA promises gradual change to vhf facilities," Electronics, 
vol. 19, pp. 318-319, 321, 323; April, 1946. 

(213) Horace F. Amrine, "Radio aids to navigation," The Depart; 
ment of State Bulletin, vol. xv, pp. 1130-1133; December 22, 
1946. 

(214) "Report of Electronic Subdivision Advisory Group on Air 
Navigation—Air Material Command," Engineering Division, 
Wright Field, Dayton, Ohio; June, 1946. 

(215) Third Commonwealth and Empire Conference on radio for 
civil aviation, CERCA (43) 21 (H.M. Stationery Office, 
London) 126 pp.; 1945. 

(216) P.I.C.A.O. Technical Papers on Equipment and Systems 
demonstrated at R.A.F. Transport Command, Telecom-
munications Research Establishment and Royal Aircraft 
Establishment; September 9-25, 1946, (3 volumes). Issued 
jointly by above establishments or available through Provi-
sional International Civil Aviation Organization, Dominion 
Square Building, Montreal, Canada. 

At the close of 1946, the Civil Aeronautics Adminis-
tration of the United States had 58 instrument-landing 
systems in operation. The Chicago—New York and the 
Las Vegas—Denver airways were equipped with 2-course 
very-high-frequency radio ranges and an experimental 
airway system of very-high-frequency omnidirectional 
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ranges was - in operation between Chicago and New 
York. The Civil Aeronautics Administration was plan-1 ning the installation of about 600 additional omni-
directional ranges and 150 instrument-landing systems. 
, 

Radio Receivers 

Wartime Developments 

In contrast to the older technique of multichannel 
radio communication and broadcasting by means of 
frequency separation, the alternative of time sharing has 
come to the front in the form of a system called pulse-
time or pulse-position modulation. This system had ex-
tensive field use during the war, and its potential im-
portance for the future calls attention to the special 
receiver circuits required, particularly those following 
the second detector. 
Reference should be made to published papers listed 

in the sections of this review entitled, "Radio Transmit-
ters," and "Navigation Aids." 
The development of wide-band receivers for radar 

and other purposes brought forth new approaches to the 
design of intermediate-frequency amplifiers. Among 

1 these, the stagger-tuned amplifier seems especially sig-
nificant. 

(217) H. Wallman, "Stagger-tuned wide-band amplifiers," Elec-
tronics, pp. 92-108 (Abstract); March, 1946. 

(218) M. J. Larsen and L. L. Merrill, "Capacitance-coupled I-F 
amplifiers," Electronics, pp. 92-108 (Abstract); March, 1946. 

The wartime activity in radar countermeasures cre-
; ated a line of wide-tuning-range search receivers in 
the very-high-frequency (VHF), ultra-high-frequency 
(UHF), and super-high-frequency (SHF) regions, com-
bining wide pass bands with an attempt at reducing the 
spurious responses encountered in superheterodyne re-
ceivers when radio-frequency preselection is difficult to 
incorporate. 

(219) W. B. Lewis, "Radar receivers," Jour. I.E.E. (London), pp. 
272-279; October, 1946. 

(220) G. E. Hulstede, J. M. Pettit, H. E. Overacker, K. R. Spangen-
berg, and R. R. Buss, "Very-high-frequency receivers," Elec-
tronics, pp. 92-108 (Abstract); March, 1946. 

(221) L. H. Lynn and 0. H. Winn, "Marine radar for peacetime use," 
Trans. A.I.E.E. (Elec. Eng., May, 1946), vol. 65, pp. 271-273; 
May, 1946. 

(222) G. T. Ford, "Characteristics of vacuum tubes for radar inter-
mediate frequency amplifiers," Bell Sys. Tech. Jour., vol. 25, 
pp. 385-407; July, 1946. 

(223) A. L. Samuel, J. W. Clark, and W. W. Mumford, "The gas-
discharge transmit-receive switch," Bell Sys. Tech. Jour., vol. 
25, pp. 48-101; January, 1946. 

On January 24, 1946, engineers of the Signal Corps 
Engineering Laboratories succeeded in receiving radar 
echoes from the moon. The receiver employed in this 
work was of unusual interest. It was a quadruple, con-
version superheterodyne, converting a carrier of 111.5 
megacycles down to 180 cycles. The final intermediate-
frequency amplifier had a 5-cycle pass band. A low-
noise, grounded-grid radio-frequency preamplifier was 

used, providing a 30-decibel gain with a noise figure of 

3.5 decibels. 

(224) Jack Mofenson, "Radar echoes from the moon," Electronics, 
vol. 19, pp. 92-98; April 1946. 

(225) A. C. Omberg, "Earth-moon radio circuits," Bendix Radio 
Eng., vol. 2, pp. 1-3,22; April, 1946. 

(226) Arthur C. Clarke, "Astronomical radar," Wireless World, vol. 
52, pp. 321-323; October, 1946. 

The Bikini atom-bomb tests made in July, 1946, re-
quired the development of many types of electronic cir-
cuits which were used in recording results of the explo-
sion. Some of the circuits may be of considerable interest 
to receiver design engineers. 

(227) D. G. Fink and C. L. Engleman, "Electronics at Bikini," 
Electronics, vol. 19, pp. 84-89; November, 1946. 

The use of printed circuits in proximity fuzes was an-
nounced in the early part of the year. This is a process 
in which an electrical circuit is printed or stenciled with 
a silver paste on a steatite ceramic and then fired at a 
high temperature to bond it firmly, making possible an 
extremely compact assembly. Several papers appeared 
shortly thereafter dealing with this subject and with 
possible commercial applications of printed circuits. 

(228) "Printed circuit wiring," Elec. Ind., vol. 5, pp. 90-91,120,122; 
April, 1946. 

(229) Cledo Brunetti and A. S. Khouri, "Printed electronic circuits," 
Electronics, vol. 19, pp. 104-108; April, 1946. 

New Components 

Some of the new components which came into promi-
nence during the year were polystyrene-dielectric ca-
pacitors, subminiature tubes (under 0.4 inch diameter), 
new types of insulating materials, tube sockets with 
built-in capacitors, selenium rectifiers, germanium-
crystal rectifiers, and dual-frequency intermediate-
frequency transformers for 455 kilocycles and 10.7 
megacycles. 
A paper was presented at the Rochester Fall Meeting 

of the Institute describing a new type of paper capaci-
tors of a very compact size, the size reduction being due 
to the use of metalized paper. A homogeneous aluminum 
film of negligible thickness deposited on the dielectric 
replaces the conventional foil and permits operation at 
higher dielectric stresses without fear of permanent 
short-circuit because of the self-healing characteristics 
of the film. 
At least one manufacturer developed a pocket radio 

of remarkable compactness. This set employs subminia-
ture tubes and several new components especially de-
veloped for this application. 
Selenium rectifiers were being used toward the close 

of the year to replace rectifier tubes in small sets. 
A complete line of miniature tubes was put on the 

market beginning late in 1945. Tubes of this type found 
ready application and were widely used in frequency-
modulation receiver circuits toward the end of the year. 
The use of vacuum tubes for frequency converters 

and detectors was being displaced in certain fields. In 
the microwave region of the spectrum the silicon crystal 

I 
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was reported as being superior even to the best of tubes, 
while for high-level detection at lower frequencies the 
germanium crystal was proving to be an efficient com-
petitor. The copper-oxide rectifier was reported in one 
instance as possessing advantages as a detector, while 
in the case of a sonar receiver operating in the 13- to 
37-kilocycle region a varistor second detector was used. 

(230) C. F. Edwards, "Microwave converters"; H. C. Torrey, 
"Crystal rectifiers in superheterodyne receivers"; P. H. Miller, 
"Noise spectrum in crystal mixers"; Electronics, pp. 92-108 
(Abstracts); March, 1946. 

(231) J. R. Weeks, "Polystyrene capacitors," Bell Lab. Rec., vol. 24, 
pp. 111-115; March, 1946. 

(232) F. Rockett, "Circuits for sub-miniature tubes," Electronics, vol. 
19, pp. 154-156; May, 1946. 

(233) Albert H. Postle, 'Radio insulating materials," Radio, vol. 29, 
pp. 33-36, 59-60; December, 1945. 

(234) Geoffrey Herbert, "Dry-contact rectifiers for radio applica-
tion," Radio, vol. 29, pp. 29-32, 60-61; December, 1945. 

(235) H. K. Henisch, "Metal rectifier developments—possible ap-
plication of titanium dioxide," Elec. Eng., vol. 18, pp. 313-315; 
October, 1946. 

(236) Julian Loebenstein, "Selenium rectifiers," Communications, 
vol. 26, pp. 26-28; November, 1946. 

(237) E. D. Wilson, "Principles and applications of semiconductor 
rectifiers," Elec. Mfg., vol. 38, pp. 126-129, 188-190; Decem-
ber, 1946. 

(238) H A. Ross, "The theory and design of intermediate-frequency 
transformers for frequency-modulated signals," A. W.A. Tech. 
Rev., vol. 6, pp. 447-471; March, 1946. 

(239) Robert T. Thompson, "Two-frequency I-F transformers," 
Electronics, vol. 19, pp. 142, 146, 151, 154, 158; September, 
1946. 

(240) "Belmont's new pocket radio," Radio Maintenance, p. 16; 
August, 1946. 

General résumés of war developments in silicon-
tungsten, germanium-tungsten, and similar crystal con-
tact rectifiers appeared. Electrical characteristics and 
ratings were included. 
(241) E. C. Cornelius, "Germanium crystal diodes," Electronics, vol. 

19, pp. 118-123; February, 1946. 
(242) W. E. Stephens, "Crystal rectifiers," Electronics, vol. 19, pp. 

112-119; July, 1946. 
(243) E. C. Cornelius, "Silicon crystals for uhf detection circuits," 

Electronics, vol. 4, pp. 74-76, 134, 136, 138; November, 
1945. 

Frequency- Modulation Receiver Developments 

Early in the year the Radio Manufacturers Associa-
tion proposed two new standards of specific interest to 
designers of frequency-modulation receivers: (1) an in-
termediate frequency of 10.7 megacycles, and (2) an 
antenna-to-set transmission-line impedance of 300 ohms. 
The change in radio-frequency allocation by the Fed-

eral Communications Commission for frequency-modu-
lation broadcasting stations from 40 to 50 megacycles 
to the higher band, 88 to 108 megacycles, which was 
made in January, 1946, was generally accepted as final 
throughout the industry. Although several manufac-
turers put out receivers incorporating both bands, most 
of them did not include the 40- to 50-megacycle band in 
new receivers. 
In contrast to what could probably have been con-

sidered standard prewar practice for multiband re-
ceivers, most of the multiband receivers made in 1946 
did not include complete short-wave coverage up to 18 
or 20 megacycles. The trend seemed to be toward 
receivers employing one of the following combinations: 

(1) standard broadcast, (2) standard broadcast and 88-
to 108-megacycle frequency modulation, (3) standard 
broadcast, one or two band-spread short-wave ranges, 
and 88- to 108-megacycle frequency modulation, or 
(4) standard broadcast, one or two band-spread short-
wave ranges, 40- to 50-megacycle frequency modulation 
and 88- to 108-megacycle frequency modulation. 

(244) D. H. Hughes, "The design of band-spread tuned circuits for 
broadcast receivers," Jour. I.E.E. (London), vol. 93, part III, 
pp. 87-96; March, 1946. 

The ratio detector which was announced in October, 
1945, continued throughout 1946 to be a development 
of considerable promise and interest, particularly with 
respect to its application to low- and medium-priced 
receivers. During the year several new and interesting 
ideas pertaining to the design of frequency-modulation 
tuning systems and detectors were advanced. 
At the National Electronics Conference, held in Chi-

cago October 3-5, 1946, several papers were presented 
on the subject of the design of frequency-modulation re-
ceivers. 

(245) Z. Benin, "A permeability-tuned 100-megacycle amplifier of 
specialized design." 

(246) G. Wallin and D. W. Dymond, "Very-high-frequency tuner 
design." 

(247) C. R. Miner, "Front-end design of frequency-modulation re-
ceivers." 

(248) Z. Benin, "Modern home receiver design," Electronics, vol. 19, 
pp. 94-98; August, 1946. 

(249) William E. Bradley, "Single-stage F-M detector,' Electronics, 
vol. 19, pp. 88-91; October, 1946. 

(250) J. R. Tillman, "Linear frequency discriminator," Wireless 
Eng., vol. 23, pp. 281-286; October, 1946. 

(251) Norman L. Chalfin, "Crystal control for FM receivers," Radio 
News, Radio Electronic Eng. Dept., vol. 6 (Engineering 
Section), pp. 12-14, 34; March, 1946. 

(252) R. M. Cohen, R. C. Fortin, and C. M. Morris, "Miniature 
tubes for F-M conversion,"; D. B. Smith, "Impulse noise in 
F-M receivers"; S. W. Seeley, "Discriminators for F-N1 re-
ceivers," Electronics, pp. 92-108 (Abstracts); March, 1946. 

(253) David B. Smith and William E. Bradley, "The theory of im-
pulse noise in ideal frequency-modulation receivers," PROC. 
I.R.E., vol. 34, pp. 743-751; October,-1946. 

The problem of the design of intermediate-frequency 
amplifiers for frequency-modulation receivers was dis-
cussed in several articles. 

(254) David W. Martin, "High gain I-F amplifier for FM," Bendix 
Radio Eng., vol. 2, pp. 19-22; April, 1946. 

(255) D. L. Jaffe, "Intermediate frequency amplifier stability fac-
tors," Radio, vol. 30, pp. 26-27, 54-55; April, 1946. 

Converters were designed for use with prewar fre-
quency-modulation receivers to make possible reception 
in the 88- to 108-megacycle band. These ranged from a 
simple crystal diode in the antenna lead to rather com-
plicated devices of specialized design. 

(256) H. A. Audet, "Tubeless converter for new F-M band," Elec-
tronics, vol. 19, pp. 140, 142; October, 1946. 

(257) Harvey Kees, "A simple F-M converter," Radio News, vol. 35, 
pp. 31, 127-129; May, 1946. 

(258) J. E. Young and W. A. Harris, "Twelve-channel F-M con-
verter," Electronics, vol. 19, pp. 110-111; December, 1946. 

The trend during the year 1946 in the design of 
frequency-modulation receivers, as in the case of 
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amplitude-modulation receivers of past years, was to 
produce designs to meet a price and not primarily to pro-
vide high-quality entertainment. The emphasis from a 
manufacturer's standpoint seemed to be to provide re-
ceiving means for a new service. Receivers were thus 
produced which would provide no better reception of 
frequency-modulation signals than the 5-tube a.c.-d.c. 
set does of amplitude-modulation signals. 

3 General 

The difficulties encountered in the procurement of 
. gang capacitors led to a wide use of permeability tuners 
i in broadcast receivers. It appeared, however, that this 
t trend might not continue except in the case of auto 
radios and that in all probability capacitor-tuned sets 
would return to their former high degree of popularity 
with the returning availability of gang capacitors. 
Some work was done during the year on low-imped-

ance loops for broadcast receivers and several manufac-
turers put sets on the market which incorporated this 

feature. 

(259) W. S. Bachman, "Loop-antenna coupling-transformer design," 
PROC. I.R.E., vol. 33, pp. 865-867; December, 1945. 

(260) W. J. Polydoroff, "Inductive tuned loop circuits," Radio, vol. 
. 30, pp. 21-22; April, 1946. 
(261) W. J. Polydoroff, "Inductively tuned loop circuits," Radio, vol. 

30, pp. 20-22; May, 1946. 
(262) A. W. Simon, "Tracking permeability-tuned circuits," Elec-

tronics, vol. 19, p. 138; September, 1946. 

The extreme scarcity of magnet wire during the year 
brought about the almost universal use of Alnico-5 
permanent-magnet speakers in receivers. 
Phonograph pickups, wire recorders, and record-

scratch-suppression circuits were subjects of consider-
able interest to receiver design engineers. 
A dynamic noise suppressor, in which the high and 

low cutoff frequencies of a band-pass filter were inde-
pendently and rapidly adjusted through electronic con-
trol circuits by characteristics of the desired signal, was 
applied to the reduction of scratch and rumble noises 
in phonograph record reproduction. The device takes 
advantage of the threshold characteristics of the ear. 
The maximum frequency range transmitted at the at-
tained noise reduction of approximately 20 decibels was 
substantially wider than that of a fixed filter yielding 
the same result. 

(263) H. H. Scott, "Dynamic suppression of phonograph record 
noise," Electronics, vol. 19, pp. 92-95; December, 1946. 

(264) Harold E. Haynes, "An integrating meter for measurement of 
fluctuating voltages," Jour. Soc. Mot. Pic. Eng., vol. 46, pp. 
128-133; February, 1946. 

(265) T. H. Long, "A new wire recorder head design," Trans. 
A.I.E.E. (Elec. Eng., April, 1946), vol. 65, pp. 216-220; April, 
1946. 

(266) W. S. Bachman, "Phonograph reproducer design," Trans. 
A.I.E.E. (Elec. Eng., March, 1946), vol. 65, pp. 159-162; 
March, 1946. 

(267) "A new moving-coil pickup," Electronic Eng., vol. 18, pp. 224-
226: July, 1946. 

(268) D. W. Pugsley, "Wire recording," Elec. Eng., vol. 65, pp. 316-
321; July, 1946. 

(269) Marvin Camras, "Theoretical response from a magnetic-wire 
record," PROC. I.R.E., vol. 34, pp. 597-602; August, 1946. 

(270) W. F. Leidel, Jr. and N. E. Payne, "Tuned-ribbon pickup," 
Elec. Ind., vol. 5, pp. 67-69, 10 101; October, 1946. 

(271) John D. Goodell, "The reproduction of disc recordings," Radio 
News, Radio Electronic Eng. Dept., vol. 7, pp. 5-7, 27-29; 
October, 1946. 

(272) Kenneth J. Germeshausen and R. S. John, "Phonograph pick-
up using strain gage," Elec. Ind., vol. 5, pp. 78-79, 118, 120; 
November, 1946. 

General research in various basic fields of receiver 
design continued. New work was reported on formulas 
for capacitor tracking in superheterodyne receivers, on 
progressive universal windings, on the selectivity ob-
tainable with superregenerative detectors, and on theo-
retical signal-to-noise ratios obtainable with various 
types of modulation. One proposal was presented for a 
superheterodyne without a continuously operating local 
oscillator. 
(273) J. Marshall, "Superhet tracking formulas," Electronics, vol. 19, 

pp. 202, 206, 210, 212, 214; October, 1946. 
(274) J. E. Smith, "Theoretical signal-to-noise ratios," Electronics 

vol. 19, pp. 150-152, 154; June, 1946. 
(275) R. W. Woods, "Oscillatorless superheterodyne," Electronics, 

vol. 19, pp. 224, 226, 228, 230, 232, 236; February, 1946. 
(276) H. L. Grisdale and R. B. Armstrong: "Tendencies in the design 

of the communication type of receivers," Jour. I.E.E. (Lon-
don), vol. 93, part III, pp. 365-384; September, 1946. 

(277) Jack R. Ford and N. I. Korman, "Stability and frequency pull-
ing of loaded unstabilized oscillators," PROC. I.R.E., vol. 34, 
pp. 794-799; October, 1946. 

(278) A. W. Simon, "Calculating the inductance of universal-wound 
coils," Radio, vol. 30, pp. 18-19, 30-31; September, 1946. 

(279) A. W. Simon, "On the theory of the progressive universal wind-
ing," PROC. I.R.E., vol. 33, pp. 868-71; December, 1945. 

(280) E. W. Herold, "Superheterodyne frequency conversion using 
phase-reversal modulation," Pam. I.R.E., vol. 34, pp. 184P-
198P; April, 1946. 

(281) John A. Kirk, "Super-regenerative 2 meter receiver," Radio 
News, vol. 36, pp. 30-31, 104, 106, 108; October, 1946. 

(282) "Cathode ray," "Super-regenerative receivers,"  Wireless 
World, vol. 52, pp. 182-186; June, 1946. 

(283) F. R. W. Strafford, "The super-regenerative detector: an ana-
lytical and experimental investigation," Jour. I.E.E. (Lon-
don), vol. 93, part III, pp. 23-28; January, 1946. 

(284) Allan Easton, "Superregenerative detector selectivity," Elec-
tronics, vol. 19, pp. 154-157; March, 1946. 

Noise-limiting circuits received considerable atten-
tion during the year. One noise-limiter circuit was 
discussed at the September meeting of the Chicago Sec-
tion of the I.R.E. by G. J. Andresen. This system effec-
tively removes noise pulses by reducing their amplitude 
to very nearly the instantaneous level of the audio wave. 
This differs from the common limiter which clips the 
pulses at the level of the average maximum of the audio 
wave. 
(285) Frederick Delanoy, "Design and application of squelch cir-

cuits," Radio, vol. 30, pp. 11-13, 29-30; September, 1946. 
(286) George Grammar, "Noise limiting in C.W. reception," QST, 

vol. 30, pp. 13-17, 118, 122; May, 1946. 
(287) C. C. Eaglesfield, "Motor-car ignition interference," Wireless 

Eng., vol. 23, pp. 265-272; October, 1946. 
(288) Emerick Toth, "Noise and output limiters," Electronics, vol. 

19, pp. 114-119; November, 1946; pp. 120-125; December, 
1946. 

Industry Statistics 

On October 30,1946, the radio and parts manufactur-
ing industry in the United States was decontrolled by 
the Office of Price Administration. During the period of 
OPA control, the Census Bureau collected monthly sta-
tistics on radio set production. An analysis of Census 
Bureau data up to September provides a basis for 
estimating set production for the year 1946. The 

I 
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estimated 1946 monthly production figures shown below 
were computed from Census Bureau data to and includ-
ing September, 1946. The monthly averages based on a 
full year were then computed by averaging these figures 
and the monthly figures extrapolated from curves for 
the January to September production. 

'  TABLE II 
PRODUCTION OF RADIO RECEIVERS 

Type 
1941 

Monthly 
Average 

Actual 
1946 

Monthly 
Average 
(Jan.-Sept.) 

Estimated 
1946 

Monthly 
Average 
(Jan.-Dec.) 

Per cent of 
1941 

Monthly 
Average 

Table models 
(including 
compact) 

Console models 
Battery receiv-
er. (except) 
auto) 

Automobile 
receivers 

Radio-phono-
graph combi-
nations 

480,250 
63,333 

206,583 

188,083 

81,583 

774,140 
10,413 

141,077 

111,567 

138,590 

779,000 
12,000 

161,000 

131,000 

179,000 

162 
19 

78 

70 

220 

Estimated 
Total 

Production 
1946 

(292) A. G. Kandoian, "FM broadcast loops," Communications, vol. 
26, pp. 38, 40; April, 1946. 

This is an adaptation of a type described earlier in the 

year. 
(293) A. G. Kandoian, "Three new antenna types and their applica-

tions," PROC. I.R.E., vol. 34, pp. 70W-75 W; February, 1946. 
PROC. I.R.E. AND WAVES AND ELECTRONS, vol. I, p. 70- W; 
February, 1946. 

The above reference also includes a description of an im-
proved turnstile antenna by R. F. Holtz, and a discus-
sion of feeding loops by M. W. Scheldorf. The problem 
of feeding frequency-modulation antennas was also 
treated in: 

9,350,000 
143,000  (294) W. Pritchett, 'Feeding combined FM and AM antenna ar-

rays," Elec. Ind., vol. 5, pp. 72-74; April, 1946. 
(295) A. G. Kandoian, "Coaxial feed FM loop antennas," Elec. Ind., 

1,936,000  vol. 5, pp. 74-76, 122, 124, 126; May, 1946. 
1,566,000 

2,148,000 

Total 1,019,832 1,110,938 1,262,000 124  15,143,000 

The highest production of radio receivers during any 
prewar year was in 1941. OPA data show that 210 manu-
facturers received price approvals up to September 5, 
1946. The Federal Communications Commission has 
estimated that there are 66,000,000 amplitude-modula-
tion and 500,000 frequency-modulation receiving sets in 
the United States. Of the 500,000 frequency-modulation 
sets, approximately 400,000 were made before the war. 

Antennas 
The growing importance of frequency-modulation 

(FM) broadcasting and the recent change in frequency 
assignments have led to the development of new types 
of broadcast antennas in the range from 88 to 108 mega-
cycles, as well as improvements in older types. Early in 
the year there was described a slotted tubular antenna 
which has the characteristic of a horizontal loop and 
which, from its appearance as mounted on a pole, has 
sometimes been called a "rocket antenna." A somewhat 
similar antenna, known as the "pylon antenna," was 
developed by one manufacturer. 

(289) Andrew Alford, "Antenna for FM station WGHF," Communi-
cations, vol. 26, pp. 22-23; February, 1946 (Abstract). 

(290) C. R. Jones, "Slotted tubular antenna for 88 to 108 mc," Com-
munications, vol. 26, pp. 36-39; July, 1946. 

Similarly descriptive is the name of the "clover-leaf" 
antenna, in which the radiating unit is a cluster of four 
curved elements, these units being stacked by mounting 
on a vertical coaxial feed-line the outer conductor of 
which is in fact a slender structural steel tower of stand-
ard design. 

(291) P. H. Smith, "The clover-leaf FM antenna," Communications, 
vol. 26, pp. 58, 60, 68; April, 1946. 

Another new array of coaxially fed horizontal loops was 
described by: 

Practical forms for antennas suitable for use on trains 
were shown in: 

(296) E. G. Hills, "Vhf antennas for trains,' Electronics, vol. 19, pp. 
134-136; November, 1946. 

Microwave Antennas 

The impressive advance in microwave antennas which 
was made during the war is suggested by a multitude of 
detailed references in papers in various fields, but is not 
as yet measured by a large literature of a type to satisfy 
the specialist. While this delay is understandable, its 
existence makes the present report rather fragmentary. 
One notable fact which is apparent is that the antenna 

designer has become an optician, with a stock of tools 
which includes spherical and cylindrical optics, reflec-
tors and lenses, point sources and line sources, special 
optical systems, and so forth. Another is the importance 
of good mechanical engineering in the design of such 
difficult devices as scanning antennas. It has been up to 
the antenna designer to unite these fields with the trans-
mission line and wave-guide arts, in the process adding 
many new tricks of his own, of structure and measure-
ment as well as of principle. 
A popular account of some work in the microwave 

field is given in the following reference: 

(297) E. M. Purcell, "Microwave radar antennas," Radio News, Ra-
dio Electronic Department, vol. 6, pp. 3-6, 29; May, 1946. 

A metal-plate lens was reported in which a refractive 
index less than unity is obtained by employing the prin-
ciple that in wave guides the phase velocity exceeds that 
of free space. The lens is used instead of reflectors for 
purposes of collimation. 

(298) W. E. Kock, 'Metal lens antennas," PROC. I.R.E., vol. 34, pp. 
828-836; November, 1946. 

Close co-operation between the designers of antenna 
and airplane has been necessary in the matter of housing 
microwave equipment in a plane without doing violence 
to the performance of the one or the other. 

(299) E. B. McMillan, H. Leaderman, and T. J. Suen, 'Design of 
radar antenna housings," Aero Digest, vol. 52, pp. 89-90, 121, 
123; March, 1946; vol. 53, pp. 80-81, 102; August, 1946. 
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R. E. Burgess discussed the use of a ferromagnetic 

core to increase the pickup of loop receiving antennas. 

By way of illustration, he cited data on a loop used in 

German aircraft during the war. 

(300) R. E. Burgess, "Iron-cored loop receiving aerial," Wireless 
Eng., vol. 23, pp. 172-178; June, 1946. 

L. L. Libby analyzed the balanced shielded loop in 

terms of familiar transmission-line concepts which en-

able the approximate prediction of resonance frequen-

cies and impedance characteristics. 

(301) L. L. Libby, 'Special aspects of balanced shielded loops," 
PROC. I.R.E., vol. 34, pp. 641-646; September, 1946. 

Radiation from loops was discussed in a paper by 

E. B. MouIlin. 

(302) E. B. Moullin, "Radiation from large circular loops," Jour. 
I.E.E. (London), vol. 93, part III, pp. 345-351; August, 1946. 

A method of optimizing the relation between width 

of the main beam of an array and the power in side 

lobes, was published. 

(303) C. L. Dolph, "A current distribution for broadside arrays 
which optimizes the relationship between beam width and 
side-lobe level," PROC. I.R.E., vol. 34, pp. 335-348; June, 1946. 

There have been other papers on theoretical subjects 

r which are of value, but which do not lend themselves 
I to adequate description in an account of this kind. 

) (304) R. E. Burgess, "Fluctuation noise in a receiving aerial," Proc. 
Phys. Soc. (London), vol. 58, pp. 313-321; May 1,1946. 

Noise Reduction 

A very considerable investigation on precipitation 

static and means for reducing it was reported. 

(305) R. Gunn, W. C. Hall, and D. G. Kinzer, "The precipitation-
static interference problem and methods for its investigation," 
PROC. I.R.E., vol. 34, pp. 156P-161P; April, 1946. 

(306) R. C. Waddel, R. C. Drutowski, and W. N. Blatt, "Aircraft 
instrumentation for precipitation-static research," PROC. 
I.R.E., vol. 34, pp. 161P-166P; April, 1946. 

(307) R. G. Stimmel, E. H. Rogers, F. E. Waterfall, and R. Gunn, 
"Electrification of aircraft flying in precipitation areas," PROC. 
I.R.E., vol. 34, pp. 167P-177P; April, 1946. 

(308) G. D. Kinzer and J. W. McGee, "Investigations of methods for 
reducing precipitation-static radio interference," PROC. I.R.E. 
vol. 34, pp. 234-240; May, 1946. 

(309) R. Gunn and J. P. Parker, "The high-voltage characteristics of 
aircraft in flight," PROC. I.R.E., vol. 34, pp. 241-247; May, 
1946. 

(310) M. Newman and A. 0. Kemppainen, "High-voltage installa-
tion of the precipitation-static project," PROC. I.R.E., vol. 34, 
pp. 247-254; May, 1946. 

A sensitive microwave radiometer for measuring the 

temperature of radiation resistance was described. 

(311) R. H. Dicke, "The measurement of thermal radiation at micro-
wave frequencies," Rev. of Sci. Instr., vol. 17, pp. 268-275; 
July, 1946. 

Antenna Testing 

In the field of antenna testing, a description of a 

method and tools for calculating the radiation patterns 

of directional antenna systems consisting of two or three 

elements was given by: 

(312) Homer A. Ray, Jr., "A practical calculator for directional an-
tenna systems," PROC. I.R.E., vol. 34, pp. 398-902; November, 
1946. 

G. H. ,Brown and W. G. Morrison described an en-
tirely electronic instrument for plotting on the face of a 

cathode-ray tube the radiation pattern of directional 

antenna systems using as many as six radiatorS. The 

radiation pattern may be observed while independent 

changes are being made in current ratio, phase angle, 

azimuth position, and distance from a reference point. 

(313) George H. Brown and Wendell C. Morrison, "The RCA An-
tennalyzer—an instrument useful in the design of directional 
antenna systems," PROC. I.R.E., vol. 34, pp. 992-999; Decem-
ber, 1946. 

It was pointed out that expression of free-space trans-

mission in terms of the effective areas of the two direc-

tional antennas leads to a beautifully simple transmis-

sion formula. 

(314) H. T. Friis, A note on a simple transmission formula," PROC. 
I.R.E., vol. 34, pp. 254-256; May, 1946. 

Other papers of interest from the point of view of an-

tenna testing were: 

(315) F. J. Gaffney, "Microwave measurements and test equip-
ments," PROC. I.R.E., vol. 34, pp. 775-793; October, 1946. 

(316) R. J. Clayton, J. E. Houldin, H. R. L. Lamont, and W. E. 
Willshaw, "Radio measurements in the decimeter and centi-
meter wavebands," Jour. I.E.E. (London), vol. 93, part III, 
pp. 97-117; March, 1946. 

Electron Tubes 
Small High-Vacuum Tubes 

A new tube, the cyclophon, was described. This tube 

is used for multiplex relay work at ultra-high frequencies 

and contains a rotating electron beam which impinges 

upon a system of electrodes arranged in a circle. 

(317) D. D. Grieg and A. M. Levine, "Pulse-time-modulated multi-
plex radio relay system—terminal equipment," Elec. Commun. 
vol. 23, pp. 159-178; June, 1946. 

A number of improvements in existing tubes were re-

ported. These include an ionization gauge and a coil-

neutralized amplifier operating at very-high frequencies. 

Disk-sealed tubes have been studied as power amplifiers 

in the frequency range of 200 to 3000 megacycles. 

(318) R. J. Kircher, "A coil-neutralized vacuum-tube amplifier at 
very-high frequencies," PROC. I.R.E., vol. 33, pp. 838-843; De-
cember, 1945. 

(319) Charles M. Fogel, "An ionization gauge of simple construc-
tion," PROC. I.R.E., vol. 34, pp. 302-305; May, 1946. 

(320) E. A. Veazie, "The 6AR6 Tube," Bell Lab. Rec., vol. 24, pp. 
264-265; July, 1946. 

Intense interest was shown in a thorough study of 

activated cathodes, especially of the oxide-coated type. 

Several special sessions were given to this subject during 

this year by the American Physical Society and some 

other organizations in which such cathodes were dis-

cussed. Also, several papers deal with the same problem 

in American and French publications. 

(321) John P. Blewett, "Oxide coated cathode literature, 1940-
1945," Jour. A ppi. Phys., vol. 17, pp. 643-647; August, 1946. 
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(322) Edward A. Coomes, "The pulsed properties of oxide cathodes," 
Jour. Appl. Phys., vol. 17, pp. 647-654; August, 1946. 

(323) A. Eisenstein, 'A study of oxide cathodes by x-ray diffraction 
methods," Jour. Appl. Phys., vol. 17, pp. 434-443; June; pp. 
654-663; August, 1946. 

(324) A. Fineman and A. Eisenstein, "Studies of the interface of ox-
ide coated cathodes," _Tour. Appl. Phys., vol. 17, pp. 663-668; 
August, 1946. 

(325) Ch. Beguenet, "L'emission des cathods tungsten-cesium et 
tungsten-thorium," Le Vide, no. 1, pp. 13-21; no. 2, pp. 54-61; 
1946. 

(326) Robert Champeii, "La measure du courant de saturation des 
cathode oxydes," Le Vide, no. 3, pp. 79-89; 1946. 

(327) Martin A. Pomerantz, "Magnetron cathodes," PROC. I.R.E., 
vol. 34, pp. 903-910; November, 1946. 

A number of papers were published based upon stud-
ies of the characteristics of vacuum tubes. These have 
included space-charge effects, noise factor, and physical 
limitations in electron ballistics. 

(328) L. Brillouin, "Influence of space charge on the bunching of elec-
tron beams," Phys. Rev., vol. 70, pp. 187-196; August, 1946. 

(329) N. R. Campbell, V. J. Francis, and E. G. James, "Noise factor 
of valve amplifiers," Wireless Eng., vol. 23, pp. 74-83; March, 
1946; and pp. 116-121; April, 1946. 

(330) S. Rodda, "Beam tetrode characteristics," Wireless Eng., vol. 
23, pp. 140-145; May, 1946. 

(331) S. Rodda, "Space charge and electron deflections in beam tet-
rode theory," Electronic Eng., vol. 17, pp. 541-545; June; 
pp. 589-592; July; pp. 649-650,652; August, 1945. 

(332) J. R. Pierce, "Physical limitations in electron ballistics," Bell 
Sys. Tech. Jour., vol. 24, pp. 305-321; July-October, 1945. 

(333) A. L. Samuel, "Electron ballistics in high-frequency fields," 
Bell Sys. Tech. Jour., vol. 24, pp. 322-352; July-October, 1945. 

Problems in mechanical construction and design of 
electron tubes were discussed in several papers. 

(334) L. L. Winter and H. G. MacPherson, "Effect of surface finish 
and wall thickness on the operating temperature of graphite 
radio-tube anodes," PROC. I.R.E., vol. 33, pp. 834-837; De-
cember, 1945. 

(335) George A. Espersen, "Fine wires in the electron-tube industry," 
PROC. I.R.E., vol. 34, pp. 116W-120W; March, 1946. 

(336) Report No. 30, “Telefunken metal-ceramic radio valve," His 
Majesty's Stationery Office; U. S. Department of Commerce, 
Office of Technical Service; 1946. 

(337) Albert W. Hull, "Stresses in cylindrical glass-metal seals with 
glass inside," Jour. A ppi. Phys., vol. 17, pp. 685-687; August, 
1946. 

(338) W. J. Scott, "Glass-to-metal seal design," Electronic Eng., vol. 
17, pp. 764-767; November, 1945. 

Both magnetron and reflex oscillators were discussed 
at some length in the literature of 1946. 

(339) "Multi-cavity magnetron," Bell Lab. Rec., vol. 24, pp. 219-223; 
June, 1946. 

(340) Edward L. Ginzton and Arthur E. Harrison, "Reflex-klystron 
oscillators," PROC. I.R.E., vol. 34, pp. 97P-113P; March, 1946. 

(341) R. L. Sproull and E. G. Linder, "Resonant-cavity measure-
ments," PROC. I.R.E., vol. 34, pp. 305-312; May, 1946. 

A paper was published describing the development of 
a gas-discharge transmit-receive switch which had be-
come an accepted part of radar equipment: 

(342) A. L. Samuel, J. W. Clark, and W. W. Mumford, "The gas-dis-
charge transmit-receive switch," Bell Sys. Tech. Jour., vol. 25, 
pp. 48-101; January, 1946. 

The first radio-frequency and converter tubes for gen-
eral use in a size under 0.4-inch diameter and 1 9/16-inch 
length were announced during the year. Additional 
structural information on such subminiature tubes for 
proximity-fuze use has been released. 

(343) Radio Manufacturers Association Electron Tube Releases: 
2E31,2E32,2E41,2E42,2G21,2G22,1C8,1V5,1 W5,1Q6. 

(344) Marcus A. Acheson, "Proximity-fuze tubes," presented at 
Rochester Fall Meeting, Rochester, New York, November, 
1945. (Abstract, Electronics, vol. 19, pp. 228,230,232,234,236; 
January, 1946.) 

(345) Frank Rockett, "Proximity fuze," Electronics, vol. 18, pp. 110-
111; November, 1945. 

(346) Harner Selvidge, "Proximity fuzes for artillery," Electronics, 
vol. 19, pp. 104-109; February, 1946. 

(347) Ralph G. Peters, "The radio proximity fuze," Communications, 
vol. 27, pp. 45-47,92-94; October, 1945. 

(348) "Navy proximity fuse," Elec. hid., vol. 4, pp. 104-105, 132, 
134; November, 1945. 

A radically different beam deflection tube (Radio 
Manufacturers Association type 6AL7GT) was de-
scribed which converts a three-phase crystal-controlled 
voltage to a phase-modulated voltage with magnetic 
modulation at an audio frequency. 

(349) "Phasitron converts from AM to FM directly," Elec. Ind., vol. 
5, pp. 78-79; January, 1946. 

There appeared analyses of the "transitron" circuit, 
both as applied to audio-frequency amplification and to 
oscillator circuits. 

(350) Werner Muller, "Transitron oscillator for high stability," Elec. 
Ind., vol. 4, pp. 110-112,134,136,138; December, 1945. 

(351) Robert Adler, "Reentrant pentode AF amplifier," Electronics, 
vol. 19, pp. 123-125; June, 1946. 

There has been a brief mention (with photographs) of 
Japanese receiving magnetrons for local 10- and 3-centi-
meter oscillators. 

(352) Marvin Hobbs, "Japanese magnetrons," Electronics, vol. 19, 
pp. 114-115; May, 1946. 

Large High-Vacuum Tubes 

In the field of microwave tubes a comprehensive 
analysis of multicavity magnetron operation was the 
subject of quite a number of technical lectures and of 
several papers. 

(353) J. B. Fisk, H. D. Hagstrom, and P. L. Hartman, "The magne-
tron as a generator of centimeter waves," Bell Sys. Tech. Jour., 
vol. 25, pp. 167-348; April, 1946. 

(354) D. G. Fink, "Cavity magnetrons," Electronics, vol. 19, pp. 126-
131 ; January, 1946. 

(355) G. D. O'Neill, "Separate cavity tunable magnetron, Elec. Ind., 
vol. 5, pp. 48-50,122-123; June, 1946. 

(356) H. G. Shea, "Rising sun pulsed and CV magnetrons," Elec. 
Ind., vol. 5, pp. 46-50; August, 1946. 

A novel tube of outstanding interest in the micro-
wave field was discussed during the I.R.E. Electron 
Tube Conference at Yale University; also, it was the 
subject of several technical lectures. This was the "trav-
eling-wave" amplifier tube. Originated in England, it 
was thoroughly studied and developed in this country. 
Basically it represents a concentric transmission line 
with a wire spiral for the outer and an electron beam 
for the inner conductor. Interaction between the waves 
traveling through the spiral and the beam results in a 
considerable radio-frequency power gain. The main ad-
vantage of this novel amplifier is the unusually wide 
band of frequencies handled by the tube, a band 800 
megacycles wide in the vicinity of 4000 megacycles. 
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(357) F. Rockett, "Wideband microwave amplifier tube," Electronics, 
vol. 19, pp. 90-92; November, 1946. 

In the field of velocity-modulation tubes there was de-
scribed a reflex klystron with a much larger than normal 
output, because of the intensification of the modulated 
beam by abundant secondary emission from the target 
which is in this case positively biased (with respect to 
the cavity resonator). It was possible to obtain from 10 
to 20 watts output at 3000 megacycles instead of less 
than 1 watt from the same tube with the electron-repell-
ing (negative) target. A similar tube was obviously inde-
pendently developed during the war, in Germany. 

(358) C. C. Wang, "Velocity-modulation oscillators with secondary-
emission charateristics," presented in the I.R.E. Symposium, 
"Wartime developments." April 6, 1946, New York 

(359) L. Mayer, "Ueber Versuche mit Geschwindigkeitsteuerten 
Laufzeitelektronenrohren mit dichtmodulierten Sekundaer-
elektronenstrom und nur einem Hohlraumresonantor," Zeit. 
Fur Hochfrequenz und A kustik; 1942. 

Several patents on a combination of a klystron with 
a few stages of electron-multiplier arrangement were 
granted to various engineers in this country, France, 
and England. 
Crystal-controlled cascade klystrons intended for bet-

ter frequency control (up to one part in a million) were 
described in several papers. 

(360) A. E. Harrison, 'Microwave frequency stability,' presented at 
the National Electronic Conference, Chicago; October, 1946. 

(361) E. C. Levinthal, "Cascade amplifier klystron," presented at the 
I.R.E. Winter Technical Meeting, New York; January, 1946. 

A German version of klystron with water-cooling, 
giving output at 8.6 to 9.3 centimeters was mentioned. 
It was used by the Germans for jamming purposes. 

(362) °Germany's U HF tubes," Electronic hid., vol.5, pp. 81-82, 122; 
February, 1946. 

(363) A. G. Clavier and V. Altovsky, "Simultaneous use of centi-
meter waves and frequency modulation," Elec. Commun., vol. 
22, pp. 326-338; December, 1945. 

In the foreign literature a new version of the Bark-
hausen-Kurz generator with the floating anode was dis-
cussed. The advantages claimed were higher output, 
higher efficiency, and wider range of operating voltages. 

(364) N. P. Otpuschenikoff, "Static charge on the anode and its role 
in the mechanism of the excitation of oscillation in the 'Brems-
feld' scheme with a free anode," Jour. Tech. Phys. (in Russian), 
vol. 14, No. 1, pp. 110-112; 1946. 

(365) N. P. Otpuschentkoff, "Anode current and excitability in the 
Barkhausen-Kurz scheme," Jour. Tech. Phys. (in Russian), 
vol. 14, pp. 113-119; 1946. 

Among very-high-frequency television and frequency-
modulation developments, beam tetrodes, double beam 
tetrodes, and grounded-grid triodes predominated. Not 
many papers were published on this subject, however. 
Large tube manufacturers, now and then, advertised the 
commercial availability of such tubes with 0.5 to 10 kilo-
. watts output for the 100-megacycle band; also, tubes 
were announced for operation at 500 megacycles and 
even at higher frequencies with a few hundred watts 
output. For higher outputs in the region of 500 to 1000 
megacycles, tubes of the "resnatron" type were sug-
gested and discussed at several meetings. 

(366) A. van Weel, "An experimental transmitter for ultra-short-
wave radio-telephony with frequency modulation," Philips 
Tech. Rev., vol. 8, pp. 121-128; April, 1946. 

(367) S. Frankel, J. J. Glauber, and J. Wallenstein, "A medium-
power triode for frequencies around 600 megacycles," presented, 
I.R.E. Winter Technical Meeting, New York, N.Y.; January, 
1946. 

(368) H. W. Jamison and J. R. Whinnery, "Power amplifiers with 
disk-seal tubes," PROC. I.R.E., vol. 34, pp. 483-489; July, 1946. 

(369) G. T. Ford, "A miniature tube for broad band I-F amplifiers," 
I.R.E. Symposium, New York; April, 1946. 

(370) 'Electron tubes," Gen. Elec. Rev., vol. 49, p. 57; January, 1946. 
(371) %V. G. Dow, J. N. Dyer, W. W. Salisbury, and E. A. Yunker, 

"Generation of continuous-wave power of very-high frequen-
des," presented, I.R.E. Winter Technical Meeting; January, 
1946. 

(372) W. W. Salisbury, "The resnatron," Electronics, vol. 19, pp. 92-
97; February, 1946. 

(373) F. %V. Boggs, "Principles of operation of resnatron," I.R.E. 
Symposium, New York; April, 1946. 

In the microwave frequency range, a system of broad-
casting which transmitted a single frequency with time-
pulse modulation was proposed as being more efficient 
than the ordinary multichannel arrangements. In order 
to realize it, a special beam-switching tube, the "cyclo-
phon," was developed consisting substantially of a 
cathode-ray tube with the electron beam swinging 
across an array of anodes or "dynodes" employing 
abundant secondary emission. 

(374) J. J. Glauber, D. D. Grieg, and S. Maskovitz, "The cyclo-
phon," National Electronics Conference, Chicago; October, 
1946. 

As outgrowths of war developments several interest-
ing pulse-triodes were described. 

(375) H. A. Zahl, J. E. Gorham, and G. F. Rouse, "A vacuum-con-
tained push-pull triode transmitter," PROC. I.R.E., vol. 34, pp. 
66W-69W; February, 1946. 

(376) R. R. Law, D. G. Burnside, R. P. Stone, and W. B. Whalley, 
"Development of pulse triodes and circuit to give one mega-
watt at 600 megacycles," RCA Rev., vol. 7, pp. 253-264; June, 
1946. 

(377) J. J. Glauber, "Radar vacuum-tube developments," Eke. 
Commun., vol. 23, pp. 306-319; September, 1946. 

A rather novel and interesting type of high-frequency 
oscillator for low frequencies was described in Russian 
technical literature. This is a mercury-arc tube with a 
dielectric disk located between the anode and cathode. 
The disk has a central aperture constricting the arc. 
Within certain limits of vacuum (about 21.t Hg) and of 
current density, the tube, named by the author a 
"Stenotron," produces continuous oscillations of a fre-
quency which is not governed by the LC product of the 
associated circuit but depends on tube constants only. 
Up to 1 kilowatt output was obtained with frequencies 
up to 100,000 cycles per second. A somewhat similar 
tube is described in a U. S. patent. 

(378) T. A. Souetin, "Stenotron—ionic tube generator," Electritch-
estvo (in Russian), pp. 44-48; May, 1946. 

(379) Clarence W. Hansel!, "Mercury arc oscillator," U. S. Patent 
No. 2,184,740; December 26, 1939. 

Several papers were published to assist the electron-
tube engineer in his design work. 

(380) Chai Yeh, 'The effect of grid-support wires on focusing cathode 
emission," PROC. I.R.E., vol. 34; pp. 444-447; July, 1946. 

(381) G. Liebman, "The calculation of amplifier valve characteris-
tics," Jour. I.E.E. (London), vol. 93, part III, pp. 138-152; 
May, 1946. 
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(382) J. L. H. Jonker and B. D. H. Tellegen, "The current to a posi-
tive grid in electron tubes," Philips Res. Reports, vol. 1, pp. 13-
32; October, 1945. 

In the broad field of electronics a general interest in 
electron and ion accelerators of all types can be noted. 
Velocities of the order of magnitude of several hundred 
millions and billions of electron volts seemed to be the 
ultimate aim. The three existing types—the cyclotron, 
the Van der Graaff generator, and the betatron—and 
also two novel designs, the synchrotron and a sectioned 
microwave wave-guide accelerator, were the subject of 
a special session during the September meeting of the 
American Physical Society in New York. 

X-Ray Tubes 

A general review of the field was given in a paper on 
the present voltage classes and principal constructional 
features of modern X-ray tubes. A bibliography was in-
cluded. 
(383) Z. J. Atlee, "Industrial X-Ray tubes," Electronics, vol. 18, pp. 

136-140; November, 1945. 

In this family belongs also a sectional X-ray tube 
for two million or more volts. The essential part of this 
tube construction is the high-voltage cylindrical en-
velope 6 to 8 feet long, consisting of short Kovar rings 
(3 per inch) about 1 foot in diameter separated by glass 
insulation sealed to the rings. 

(384) R. R. Machlett, "An accelerator column for two to six million 
volts," presented at the National Electronics Conference, Chi-
cago, October, 1946. 

Cathode-Ray Tubes and Television Tubes 

During the early part of 1946 the development of 
cathode-ray and camera tubes for television was acceler-
ated, and production was started on a small scale. The 
Joint Electron Tube Engineering Council Cathode-Ray-
Tube Committee was active in the standardization of 
items affecting interchangeability of cathode-ray tube 
types, such as preferred tube and picture sizes, bulb 
sizes, type of base, anode contacts, fluorescent screen 
color, and important electrical characteristics. The latter 
part of the year brought acceleration in cathode-ray 
tube production and in the marketing of television re-
ceivers and camera and test equipment. 
The image orthicon, developed during the war and 

representing a major step forward in the field of televi-
sion camera tubes, was improved and continued in 
production. This tube was used in television field 
cameras during the fall for the pickup of football games 
with pictures much improved over those transmitted 
from orthicon cameras before the war. The advantages 
and use of the image orthicon in television equipment 
developed for the services during the war were de-
scribed, as was the development of a miniature image 
orthicon for the military services. 
(385) A. Rose, P. K. Weimer, and H. B. Law, "The image  orthicon — 

a sensitive television pickup tube," PROC. I.R.E., vol. 34, pp. 
424-432; July, 1946. 

(386) R. E. Shelby and H. P. See, "Field television," RCA Rev., vol. 
7, pp. 77-93; March, 1946. 

(387) R. D. Kell and G. C. Szilkai, "Image orthicon camera," RCA 
Rev., vol. 7, pp. 67-76; March, 1946. 

(388) R. E. Shelby, F. J. Somers, and L. R. Moffett, "Naval airborne 
television reconnaissance system," RCA Rev., vol. 7, pp. 303-
337; September, 1946. 

(389) P. K. ‘Veimer, H. B. Law, and S. V. Forgue, "Mimo—minia-
ture image orthicon," RCA Rev., vol. 7, pp. 358-366; Septem-
ber, 1946. 

The infrared image tube used in the "Snooperscope" 
and "Sniperscope" proved to be of major importance in 
military operations during the war. 

(390) G. A. Morton and L. E. Flory, "Infrared image tube," Elec-
tronics, vol. 19, pp. 112-114; September, 1946. 

(391) G. A. Morton and L. E. Flory, "An infrared image tube and its 
military applications," RCA Rev., vol. 7, pp. 385-413; Septem-
ber, 1946. 

The development of cathode-ray tubes for television 
during the year 1946 resulted in several important im-
provements. The metal-backed luminescent screen pro-
vided increased light output, improved contrast, and 
ion-spot protection, resulting in a major improvement 
in projection kinescopes. 

(392) D. W . Epstein and L. Pensak, "Improved cathode-ray tubes 
with metal-backed luminescent screens," RCA Rev., vol. 7, pp. 
5-10; March, 1946. 

A tilted-electron-lens ion trap was developed which 
was readily adaptable to different types of electron guns 
and simple to manufacture and use. Its use would com-
pletely eliminate the ion-spot blemish from the fluores-
cent screen in cathode-ray tubes. Wider use of all-
sulphide P4 white screens resulted in improved contrast 
and better control of the color uniformity. Preferred 
tubes sizes of 7-, 10-, 15-, and 20-inch diameter with 
picture diagonals of 6, 9, 13i, and 18 inches were stand-
ardized by the Joint Electron Tube Engineering Coun-
cil. 

The new pressed-face bulbs with uniform long face 
radii provided essentially flat pictuses with bulbs that 
could be readily processed in manufacture. An improved 
anode contact, the recessed small-cavity cap, was de-
veloped and is being standardized along with the war-
time-developed recessed small-ball cap for cathode-ray. 
tubes. A new 12-pin type base was developed and stand-
ardized for new picture tubes. It had the advantages of 
the high-voltage insulation and the large locating lug of 
the diheltal war-program base, but had a smaller-size 
shell to fit the 1 7/16-inch neck. 
A résumé of electron guns for television was pub-

lished, and several other papers appeared on subjects 
related to cathode-ray tubes for television. 

(393) G. A. Morton, "Electron guns for television applications," Rev. 
Mod. Phys., vol. 18, pp. 362-378; July, 1946. 

(394) M. Cawein, "Television resolution as a function of line struc-
tures," PROC. I.R.E., vol. 33, pp. 855-864; December, 1945. 

(395) G. Liebmann and H. Moss, "The image formation in cathode-
ray tubesand the relation of fluorescent spot size and final anode - 
voltage," PROC. I.R.E., vol. 34, pp. 580-586; August, 1946. 

(396) G. Liebmann, "Origin of ion burn in cathode-ray tubes," Na-
ture, vol. 157, p. 228; February 23,1946. 

(397) G. Liebmann, "Ion burn in cathode-ray tubes," Electronic 
Eng., vol. 18, pp. 289-290: September, 1946. 

(398) D. Gabor, "A zonally corrected electron lens," Nature, vol. 158, 
p. 198; August 10,1946. 
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Improved cathode-ray-oscillograph tubes for indus-
trial applications were announced in the 2-, 3-, and 
5-inch sizes. They featured high deflection sensitivity, 
small spot size, improved contrast, and higher trace 
brightness than those available during the war. A new 
multiband 5-inch tube was described. Tubes were de-
veloped with the P11, ZnS-type short-persistence screen 
having increased photographic sensitivity and visual 

1 efficiency over the older P5, CaW04-type short-per-
! sistence phosphor. The P7 and P14 long-persistence-
phosphor screens developed during the war show promise 
of important industrial applications. 

(399) I. E. Lempert and R. FeIdt, "The 5RP multiband tube: an in-
tensifier-type cathode-ray tube for high-voltage operation." 
PROC. I.R.E., vol. 34, pp. 432-440; July, 1946. 

(400) H. W. Leverenz, "Luminescence and tenebrescence as applied 
in radar," RCA Rev., vol. 7, pp. 199-239; June, 1946. 

The field of electron microscopy and electron diffrac-
tion has continued to expand. The following papers are 
representative of the many developments and applica-

tions. 

(401) C. L. Simard, C. J. Burton, and R. B. Barnes, "High dispersion 
electron diffraction by primary magnification," Jour. A ppl. 
Phys., vol. 16, pp. 832-836; December, 1945. 

(402) J. Hillier and R. F. Baker, "On the improvement of resolution 
in electron diffraction cameras," Jour. Appl. Phys., vol. 17, 
pp. 12-22; January, 1946. 

(403) J. H. L. Watson, “Fiberless sample mounting for the electron 
microscope," Jour. A ppl. Phys., vol.17, pp. 121-127; February, 
1946. 

(404) R. D. Heidenreich, L. Sturkey, and H. L. Woods, "Investiga-
tion of secondary phases in alloys by electron diffraction and 
the electron microscope," Jour. A ppl. Phys., vol. 17, pp. 127-
136; February, 1946. 

(405) James Hillier, "Further improvement in the resolving power of 
.  the electron microscope," -Tour. Appl. Phys., vol. 17, pp. 307-

309; April, 1946. 
(406) A. M. Cravath, A. E. Smith, J. R. Vinograd, and J. N. Wilson, 

"Preparation of electron microscope specimens for determina-
tion of particle size distribution in aqueous suspensions," Jour. 
Appl. Phys., vol. 17, pp. 309-310; April, 1946. 

(407) P. Grivet and H. Bruck, "Le microscope electronique elec-
trostatique," Ann. de Redioelectricite, vol. I, no. 4/5, pp. 293-
310; 1946. 

(408) V. K. Zworykin, G. A. Morton, E. G. Ramberg, J. Hillier, and 
A. W. Vance, "Electron Optics and the Electron Microscope," 
John Wiley and Sons, New York, N. Y., 1945. 

(409) E. F. Burton and Walter H. Kohl, "The Electron Microscope." 
Reinhold, New York, N. Y., 1942. 

Concentrated Arc Lamp 

A concentrated arc lamp, developed during the war 
for certain military applications, became available for 
general use during the year. The source of light is a small 
incandescent spot which forms on a refractory oxide 
cathode permanently sealed into a glass bulb filled with 
an inert gas. The light emitted can be modulated over 
the audio-frequency range by modulating the lamp cur-
rent itself. It was reported that the approach to a point 
source made the arc lamp useful for narrow-beam and 
high-intensity projection applications, such as optical 
testing, lenseless projection and enlargement, photog-

raphy, etc. 

(410) W. D. Buckingham and C. R. Deibert, 'The concentrated arc-
lamp," Jour. Opt. Soc. Amer., vol. 36, pp. 245-250; May, 1946. 

Phototubes 

The conference on infrared devices at the Cleveland 
meeting of the Optical Society of America, March 7-9, 
1946, disclosed renewed interest in photoconductive 
cells. Improvements on the World War I Case Thalofide 
cell have resulted in a practicable cell, more rugged, 
stable, and sensitive than the original. A lead-sulfide 
photoconductive cell has also been developed which 
promises to be useful out as far as 3.6 microns. 
(411) R. J. Cashman, "New photoconductive cells," Jour. Opt. Soc. 

Amer., vol. 36, pp. 356; June, 1946. (Abstract.) 
(412) A. von Hippel, F. G. Chesley, H. S. Denmark, P. B. Ulin, and 

E. S. Rittner, "Thallous sulfide photoconductive cells; I, ex-
perimental investigation," Jour. Chem. Phys., vol. 14, pp. 355-
369; June, 1946. 

(413) A. von Hippel and E. S. Rittner, "Thallous sulfide photo-con-
ductive cells; II, theoretical discussion." Jour. Chem. Phys., 
vol. 14, pp. 370-378; June, 1946. 

At the ultraviolet end of the spectrum, application 
has been made of a photoelectric Geiger counter tube. 
Using a special glass and a copper cathode, such a device 
becomes remarkably sensitive and shows promise of be-
coming important in fire control. 

(414) P. B. Weisz, "Electronic fire and flame detector," Electronics, 
vol. 19, pp. 106-109; July, 1946 

In contrast to its use during the war as an electronic 
noise source because of its extraordinary gain, the multi-
plier phototube again received attention in the detection 
of small light values because of its value in avoiding 
coupling-resistor and amplifier tube noise. Such applica-
tions included astronomical photometry, Raman spec-
trography, and exposure control in photofluorography. 
It was suggested that the use of a fluorescent screen with 
the photomultiplier tube to make radioactive measure-
ments would have many possible applications to nuclear 
research. 
(415) R. W. Engstrom, "Photomultiplier tube characteristics," Paper 

No. 44, New York meeting of the Opt. Soc. of Amer.; October 
3-5,1946. 

(416) G. E. Korn, 'Application of the multiplier phototube to astro-
nomical photoelectric photometry," Astrophys. Jour., vol .103, 
pp. 306-331; May, 1946. 

(417) J. L. Saunderson, V. J. Caldecourt, and E. W. Peterson, "A 
photoelectric instrument for direct spectrochemical analysis," 
Jour. Opt. Soc. Amer., vol. 35, pp. 681-697; November, 1945. 

(418) D. H. Rank and R. V. Wiegand, "A photoelectric Raman spec-
trograph for quantitative analysis," Jour. Opt. Soc. Amer., vol. 
36, pp. 325-334; June, 1946. 

(419) R. H. Morgan, 'The automatic control of exposure In photo-
fluorography," U. S. Public Health Reports, vol. 58, pp. 1533-
1541; October, 1943. 

(420) M. Blau and B. Dreyfus, "The multiplier phototube in radio-
active measurements," Rev. Sci. Instr., vol. 16, pp. 245-248; 
September, 1945. 

Radio Wave Propagation 
Most of the papers on radio wave propagation pub-

lished in 1946 were of experimental rather than theoreti-
cal interest, as is shown by the following references. 
These are grouped under five main subjects, and in each 
field the titles of the papers indicate the main lines of 
development during the year. A few papers which may 
prove of general theoretical interest are listed in the 
final section of the bibliography and, throughout, some 
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papers published in foreign countries prior to 1946 have 
been included since they have only recently become 
available in the United States. There are probably many 
others not recorded in this report. 

Ionosphere 

As a result of studies of the ionosphere, much detailed 
information about the effect of solar phenomena on 
radio propagation was made available, with correspond-
ing refinement in the choice of optimum frequencies for 
long-distance short-wave transmission. 

(421) C. W. Allen, "Variation of the sun's ultra-violet radiation as re-
vealed by ionospheric and geomagnetic observations," Terr. 
Mag. and Atmos. Elec., vol. 51, pp. 1-18; March, 1946. 

(422) Va. L. Arpert, "On the results of radio observations during the 
solar eclipse of July 9, 1945," Compt. Rend. Acad. Sci. 
(U.S.S.R), vol. 49, pp. 254-258; November 10,1945. 

(423) E. V. Appleton,"Two anomalies in the ionosphere," Nature, 
vol. 157, p. 691; May 25,1946. 

(424) C. J. Bakker, "Radio investigations of the ionosphere," Phil-
lips Tech. Rev., vol. 8, pp. 111-120; April, 1946. 

(425) T. W. Bennington, "The new sunspot cycle," Wireless World, 
vol. 52, pp. 83-85; March, 1946. 

(426) T W. Bennington, "Ionosphere storm effects in the E-layer," 
Nature, vol. 157, pp. 477-478; April 13,1946. 

(427) T. W. Bennington, "Short-wave forecasting" (using iono-
sphere charts for choosing frequencies), Wireless World, vol. 52, 
pp. 246-250; August, 1946 and pp. 292-295; September, 1946. 

(428) R. E. Burgess, "Fluctuation noise in a receiving aerial," Proc. 
Phys. Soc. (London), vol. 58, pp. 313-321; May 1,1946. 

(429) 0. Burkard, "On the question of short-wave propagation," 
Funktech. Mh., no. 5, pp. 65-66; May, 1945. 

(430) J. W. Cox, "Geophysics of the ionosphere," Nature, vol. 158, 
pp. 189-190; August 10,1946. 

(431) R. H. Dicke and R. Beringer, "Microwave radiation from the 
sun and moon," Astrophys. Jour., vol. 103, pp. 375-376; May, 
1946. 

(432) V. C. A. Ferraro, "On diffusion in the ionosphere," Terr. Mag. 
and Atmos. Elec., vol. 51, pp. 427-431; September, 1946. 

(433) 0. P. Ferrell, "Irregularities in radio transmission," Radio, vol. 
29, pp. 27-28,61; December, 1945; vol. 30, pp. 23-24; Febru-
ary, 1946. 

(434) E. Gherzi, "Ionospheric reflections and weather forecasting for 
Eastern China," Bull. Amer. Meteor. Soc., vol. 27, pp. 114-116; 
March, 1946. 

(435) L. Harang, "Scattering of radio waves from great virtual dis-
tances," Terr. Mag. and Atmos. Elec., vol. 50, pp. 287-296; De-
cember, 1945. 

(436) L. Harang, "Radio-echo observations at Tromso during the so-
lar eclipse on July 9,1945," Terr. Mag. and Atmos. Elec., vol. 
50, pp. 307-310; December, 1945. 

(437) J. C. Jaeger, "Note on diffusion in the ionosphere," Proc. Phys. 
Soc. (London), vol. 57, pp. 519-523; November 1,1945. 

(438) K. O. Kiepenheuer, "Origin of solar radiation in the 1-6 meter 
radio wave-length band,' Nature, vol. 158, p. 340; September 
7,1946. 

(439) P. G. Ledig, M. W. Jones, A. A. Giesecke, and E. J. Chernosky 
"Effects on the ionosphere at Huancayo, Peru, of the solar 
eclipse, January 25,1944," Terr. Mag. and Atmos. Elec., vol. 
51, pp. 411-418; September, 1946. 

(440) M. Ryle and D. D. Vonberg, "Solar radiation on 175 Mc/s.," 
Nature, vol. 158, pp. 339-340; September 7,1946. 

(441) M. N. Saha and B. K. Banerjea, 'Wave-treatment of progaga-
tion of electromagnetic waves in the ionosphere," Indian Jour. 
Phys., vol. 19, pp. 159-166; October, 1945. 

(442) A. H. Shapley, "Application of solar and geomagnetic data to 
short-term forecasts of ionospheric conditions," Terr. Mag. and 
A tmos. Elec., vol. 51, pp. 247-266; June, 1946. 

(443) N. Smith and R. Silberstein, "Radio propagation work at the 
National Bureau of Standards," QST, vol. 30, pp. 45-50; May, 
1946. 

(444) R. L. Smith-Rose, "The solar eclipse of 1945 and radio-wave 
propagation," Nature, vol. 157, pp. 40-42; January 12,1946. 

(445) R. L. Smith-Rose, 'The influence  of an  eclipse of the sun on the 
ionosphere," Brit. Jour. I.R.E., vol. 6, pp. 82-97; June, 1946. 

(446) H. W. Wells and A. H. Shapley, 'Eclipse effects in F2 layer of 
the ionosphere," Terr. Mag. and Atmos. Eke., vol. 51, pp. 401-
409 ; September, 1946. 

The influence of atmospheric conditions on propaga-
tion in the troposphere was studied, and data on the 
properties of the soil at different frequencies were ac-
cumulated. Some theoretical studies were made also in 
the domain of ground-wave propagation, but these in-
clude no radically new departures from earlier theory. 

(447) R. J. Clayton, J. E. Houldin, H. R . L. Lamont, and W. E. Will 
shaw, "Radio measurements in the decimeter and centimeter 
wavebands," Jour. I.E.E. (London), vol. 93, part III, pp. 97-
125; March, 1946. 

(448) V. A. Fork, "Diffraction of radio waves around the earth's sur-
face," Jour. Ex. Th. Phys. (U.S.S.R.) (in Russian), vol. 15, no 
9, pp. 479-496; 1945; Jour. Phys. (U.S.S.R.) (in English), vol 
9, no. 4, pp. 255-266; 1945. 

(449) L. H. Ford and R. Oliver, "An experimental investigation of 
the reflection and absorption of radiation of 9-cm. wave-
length," Proc. Phys. Soc. (London), vol. 58, pp. 265-280; May, 
1946. 

(450) J. Frenkel, "Influence of water drops on the ionization and 
electrification of air," Jour. Phys. (U.S.S.R.), vol. 10, No. 2, 
pp. 151-158; 1946. 

(451) R. Frost, "Turbulence and diffusion in the lower atmosphere," 
Proc. Roy. Soc. (London), vol. 186, pp. 20-35; June 4,1946. 

(452) B. Gutenberg, "Physical properties of the atmosphere up to 
100 km.," Jour. Meteor., vol. 3, pp. 27-30; June, 1946. 

(453) M. Leontovich and V. Fock, "Solution of the problem of propa-
gation of electromagnetic waves along the earth's surface by 
the method of the parabolic equation," Jour. Phys. (U.S.S.R.), 
vol. 10, no. 1, pp. 13-24; 1946. 

(454) L. I. Mandelstam and N. D. Papalexi, "On a modification of 
the interference method of investigating the propagation of 
radio waves," Compt. Rend. Acad. Sci. U.R.S.S., vol. 26, pp. 
775-779; 1940. 

(455) J. S. McPetrie and J. A. Saxton, "The electrical properties of 
soil at wave-lengths of 5 metres and 2 metres," Jour. I.E.E. 
(London), vol. 92, part III, pp. 256-258; December, 1945. 

(456) G. Millington, "Curved earth geometrical optics," Marconi 
Rev., vol. 9, pp. 1-12; January, March, 1946. 

(457) G. E. Mueller, "Propagation of 6-millimeter waves," PROC. 
I.R.E., vol. 34, pp. 181P-183P; April, 1946. 

(458) K. F. Niessen, 'On the approximate absorption formula of the 
earth for vertical dipoles," Physka, vol. 9, pp. 915-922; No-
vember, 1942. (In German.) 

(459) K. F. Niessen, "The ratio between the horizontal and the ver-
tical electric field of a vertical antenna of infinitesimal length 
situated above a plane earth," Philips Res. Rep., vol. I, pp. 51-
62 ; October, 1945. 

(460) H. Ott, "The saddle-point method in the vicinity of a pole with 
applications to wave-optics and acoustics," Ann. Phys. (Leip-
zig), vol. 43, nos. 6,7, pp. 393-403; 1943. 

(461) R. Penndorf, "The constitution of the stratosphere," Met. Zeit, 
vol. 58, pp. 103-105; 1946; Bull. AnKr. Meteor. Soc., vol. 27, 
pp. 343-345; June, 1946. 

(462) J. A. Pierce, "2-Mc. sky-wave transmission," Eledronics, vol. 
19, pp. 146-153; May, 1946. 

(463) M. I. Ponomarev, "Application of the 'phase-integral' method 
to the problem of radio wave propagation along the earth's sur-
face," Bull. de l Acad. des Sci. de l'URSS, Serie Physique, vol. 
10, no. 2, pp. 189-195; 1946. 

(464) M. G. Rabuteau, "The evolution of the technique of long-dis-
tance telecommunications," Onde Elec., vols. 20-25, no. 225, 
pp. 140-154; December, 1945. 

(465) S. D. Robertson and A. P. King, "The effect of rain upon the 
propagation of waves in the 1- and 3-centimeter regions," 
1ROC. I.R.E., vol. 34, pp. 178P-180P; April, 1946. 

(466) P. A. Sheppard, "Radio meteorology: influence of the atmos-
phere on the propagation of ultra-short radio waves," Nature, 
vol. 157, pp. 860-862; June 29,1946. 

(467) B. A. Vvedenski, "On the effect of refraction in the troposphere 
on the propagation of ultra-short radio waves in a diffraction 
zone," Bull. de l'A cad. des Sci. de I' URSS, Serie Physique, vol. 
6, nos. 1,2, pp. 41-55; 1942. 

(468) H. P. Williams, "Vertical vs. horizontal polarization," Jour. 
Television Soc., vol. 4, pp. 171-177; September, 1945. 

(469) "Propagation of electromagnetic waves in mountains, valleys, 
fjords, etc.," Jour. des Telecommun., vol. 12, pp. 57-62; May, 
1945. 

Wave Guides 

From the theoretical point of view probably the most 
interesting work was that on wave guides, particularly 
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the papers on bent guides and on radiation from the 
•ppen end of a guide. In this field, attention was also di-
rected to the actual method of excitation of different 

types of waves in a wave guide. 
(470) J. T. Allanson, R. Cooper, and T. G. Cowling, "The theory and 

experimental behaviour of right-angled junctionsin rectangular-
section wave guides," Jour. I.E.E. (London), vol. 93, part III, 
pp. 177-187; May, 1946. 

(471) W. Altar, F. B. Marshall, and L. P. Hunter, "Probe error in 
standing-wave detectors," PROC. I.R.E., vol. 34, pp. 33P-44P; 
January, 1946. 

k (472) A. R. Anderson and A. M. Winchell, "Flexible wave guides," 
Electronics, vol. 19, pp. 104-109; August, 1946. 

• (473) A. Berkman and D. Mash, "The influence of slotted screens on 
the structure of the field in a wave guide," Bull. de l' Acad. des 
Sci. de l' URSS, Serie Physique, vol. 9, nos. 10, 11, pp. 1139-
1144; 1945. 

(474) H. Buchholz, "Radiation from the open end of a circular guide 
with an attached plane screen," Arch. Elektrotech., vol. 37, pp. 
22-32, 87-104, 145-170; 1943. 

(475) M. Cotte, "Propagation of a disturbance in a wave guide," 
Coin pt. Rend. (Paris), vol. 221, pp. 538-540; November 5, 1945. 

(476) G. F. Hull, Jr., "Experiments with UHF wave guides," Amer. 
Jour. Phys., vol. 13, pp. 384-389; December, 1945. 

(477) M. Jouguet, "On the propagation of electromagnetic waves in 
curved hollow guides," Compt. Rend. (Paris), vol. 222, pp. 440-
442, 537-538; February 18 and March 4, 1946. 

(478) T. Kahan, "End conditions in wave guides," Compt. Rend. 
(Paris), vol. 222, pp. 535-537; March 4, 1946. 

(479) J. Kemp, "Anomalous attenuation in wave guides," Wireless 
Eng., vol. 23, pp. 211-216; August, 1946. 

(480) G. V. Kisungo, "Contribution to the theory of wave-guide exci-
tation," Bull. de l' Acad. des Sci. de l' URSS, Serie Physique, vol. 
10, no. 2, pp. 217-224; 1946. 

(481) N. Malov, "On the calculation of the radiation field of a wave 
guide," Jour. Ex. Th. Phys. (U.S.S.R.), vol. 14, no. 6, pp. 224-
225; 1944. (In Russian.) 

(482) N. Malov, "Electromagnetic waves in conical wave guides," 
Jour. Ex. Th. Phys. (U.S.S.R.), vol. 15, no. 7, pp. 389-391: 
1945. (In Russian.) 

(483) L. Mandelstam, "Some questions connected with the excitation 
and the propagation of electromagnetic waves in tubes," Jour. 
Ex. Th. Phys. (U.S.S.R.), vol. 15, no. 9, pp. 461-470; 1945. (In 
Russian.) 

(484) T. Moreno, "Engineering approach to wave guides," Electron-
ics, vol. 19, pp. 99-103; May, 1946. 

i (485) T. Moreno, "Wave-guide transmission systems," Electronics, 
vol. 19, pp. 136-141; June, 1946. 

(486) E. N. Phillips, "Minimum attenuation in wave guides," Elec-
tronics, vol. 19, pp. 137-139; January, 1946. 

(487) G. M. Roe, "Normal modes in the theory of wave guides," 
Phys. Rev., vol. 69, p. 255; March 1-15, 1946. (Abstract.) 

(488) G. Williams and H. C. Bolton, "The use of the impedance con-
cept as applied to wave guides," Phil. Meg., vol. 36, pp. 862-
873; December, 1945. 

Transmission Lines 

The uses to which transmission lines may be put con-
tinue to multiply, and some papers dealing with the 
properties of composite lines were published. 
(489) A. R. Anderson, "Cylindrical shielding and its measurement at 

radio frequencies," PROC. I.R.E., vol. 34, pp. 312-322; May, 
1946. 

(490) A. K. Aulie, "On adjustment of generator and load impedance," 
Elecktrotech. Tidsskr., vol. 59, pp. 97-101; March, 1946. 

(491) J. L. Clark, "Some novel expressions for the propagation con-
stant of a uniform line," Bell Sys. Tech. Jour., vol. 25, pp. 156-
157 ; January, 1946. 

(492) S. Colombo and M. Parodi, "Application of Heaviside's trans-
position theorem to the study of the current and voltage in a 
uniform line," Rev. Gin. Elec., vol. 54, pp. 309-312; October, 
1945. 

(493) C. R. Cox, "Design data for beaded coaxial lines," Electronics, 
vol. 19, pp. 130-135; May, 1946. 

(494) D. R. Crosby and C. H. Pennypacker, "Radio-frequency re-
sistors as uniform transmission lines," PROC. I.R.E., vol. 34, 
pp. 62P-66P; February, 1946. 

(495) H. DeMilleville, "Quadripole nomograms. Their application to 
transmission lines," Rev. Gin. Elect., vol. 54, pp. 22-24; Janu-
ary, 1945. 

(496) E. Feenberg, "The relation between nodal positions and stand-
ing wave ratio in a composite transmission system," Jour. 
Appi. Phys., vol. 17, pp. 530-532; June, 1946. 

(497) G. Fuchs, "New method for measuring the impedance differ-
ences of concentric pairs," Rev. Gin. Elect., vol. 55, pp. 109-117; 
March, 1946. 

(498) G. Glinski, "The solution of transmission line problems in the 
case of attenuating transmission line," Trans. A.I.E.E. (Elec. 
Eng., February, 1946), vol. 65, pp. 46-49; February, 1946. 

(49  G. Glinski, "Discontinuity effects," Elect. Ind., vol. 5, pp. 97-
98; February, 1946. 

(500 G. W. 0. Howe, "Aerial resistance and cable impedance," Wire-
less Eng., vol. 23, pp. 65-66; March, 1946. 

(501) B. Kramer and F. Stolte, "Measurements of velocity of propa-
gation in cable," Electronics, vol. 19, pp. 128-129; July, 1946. 

(502) J. Lamb, "The experimental behaviour of the coaxial line 
stub," Jour. I.E.E. (London), vol. 93, part III, pp. 188-190; 
May, 1946. 

(503) J. Lefevre, "General graphical method for determining operat-
ing conditions of polyphase transmission lines," Rev. Gen. 
Elec., vol. 54, pp. 345-348; November, 1945. 

(504) W. W. Lewis, 'Coordination of insulation and spacing of trans-
mission line conductors," Trans. A.I.E.E. (Elec. Eng., October, 
1946), vol. 65, pp. 690-694; October, 1946. 

(505) I. F. MacDiarmid and H. J. Orchard, "Propagation character-
istics of a uniform line," Wireless Eng., vol. 23, pp. 168-171; 
June, 1946. 

(506) L. Mautner, "Simplified input impedance chart for lossless 
transmission lines," Communications, vol. 26, pp. 44-45, 63; 
May, 1946. 

(507) H. Parodi and M. Parodi, "Contribution to the theory of elec-
tric transmission lines," Rev. Gin. Elec., vol. 53, pp. 227-231; 
October, 1944. 

(508) M. Parodi, "Propagation along a line having only distributed 
resistance and capacitance, which are functions of position and 
satisfy certain relations," Compt. Rend. (Paris), vol. 221, pp. 
257-259; September, 1945. 

(5  M. Parodi and F. Raymond, "Propagation on an arbitrary 
symmetric polyphase transmission line," Compt. Rend. (Paris), 
vol. 220, pp. 522-523; April 9, 1945. 

(510) R. H. Paul, "Transmission problems," Electrician, vol. 136, pp. 
1097-1099; April 26, 1946 and )3p. 1165-1167; May 3, 1946. 

(511) L. R. Quarles, "Transmission lines as resonant circuits," Com-
munications, vol. 26, pp. 22, 24-25, 51-52; May, 1946 . 

(512) L. R. Quarles, "Transmission lines as filters," Communications, 
vol. 26, pp. 34, 35, 44-451 48; June, 1946. 

(513) L. R. Quarles, "Transmission lines as impedance transformers," 
Communications, vol. 26, pp. 20, 22, 24, 26, 38; July, 1946. 

(514) F. Raymond, "On the equations of propagation on an arbitrary 
line," Compt. Rend. (Paris), vol. 220, pp. 497-500; April 4, 
1945. 

(515) H. Scherenzel, "Ideal lines and lines with losses represented by 
circle diagrams," Elektrotech. Zeit., vol. 65, pp. 329-332; Octo-
ber 12, 1944. 

(516) J. P. Shanklin, "Vectorial treatment of transmission lines," 
Electronics, vol. 18, pp. 162-166; December, 1945. 

(517) P. J. Sutro, "Characteristic impedance of balanced lines," Elec-
tronics, vol. 19, p. 150; July, 1946. 

(518) C. T. Tai, "Shunt and series sections of transmission line for 
impedance matching," Jour. Appt. Phys., vol. 17, pp. 44-50; 
January, 1946. 

(519) E. 0. Willoughby, "Some applications of field plotting," Jour. 
I.E.E. (London), vol. 93, part III, pp. 275-293; July, 1946. 

9) 

09) 

Cavity Resonators 

New uses of cavity resonators were also described and 
theoretical studies of perturbation effects in cavities 

were described. 
(520) I. G. Wilson, C. W. Schramm, and J. P. Kinzer, "High Q 

resonant cavities for microwave testing," Bell Sys. Tech. Jour., 
vol. 25, pp. 408-434; July, 1946. 

(521) L. Essen, "Cavity resonator wavemeters. Simple types of wide 
frequency range," Wireless Eng., vol. 23, pp. 126-132; May, 
1946. 

(522) P. Grivet, "New methods for calculating the properties of elec-
tromagnetic resonators," Comm. Rend. (Paris), vol. 218, pp. 71-
73; January 10, 1944. 

(523) P. Grivet, aiDn the resonant wavelengths of certain electromag-
netic resonators," Compt. Rend. (Paris), vol. 215, pp. 183-185; 
January 31, 1944. 

I 
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(524) A. M. Gurewitsch, "Cavity oscillator circuits," Electronics, vol. 
19, pp. 135-137; February, 1946. 

(525) F. Homer, T. A. Taylor, R. Dunsmuir, J. Lamb, and W. Jack-
son, "Resonance methods of dielectric measurement at centi-
metre wavelengths," Jour. I.E.E. (London), vol. 93, part III, 
pp. 53-68; January, 1946. 

(526) T. Kahan, "Semi-transparent oscillating electromagnetic cavi-
ties," Comps. Rend. (Paris), vol. 220, pp. 496-497; April 4, 
1945. 

(527) T. Kahan, "The perturbation method applied to the study of 
electromagnetic cavity resonators," Corn pt. Rend. (Paris), vol. 
221, pp. 536-538; November 5,1945. 

(528) T. Kahan, "Effect of an electron beam on the resonant frequen-
cies of an electromagnetic cavity," Compt. Rend. (Paris), vol. 
221, pp. 616-618; November 19,1945. 

(529) 1'. Kahan, "Calculation of the perturbed resonant frequency 
of an electromagnetic cavity (deformation of the boundary)," 
Compt. Rend. (Paris), vol. 221, pp. 694-696; December 3,1945. 

(530) T. Kahan, "Boltzmann's law of slow transformation and the 
theory of electromagnetic cavities," Comp!. Rend. (Paris), vol. 
222, pp. 70-71; January 2,1946. 

(531) R. A. Kirkman and M. Kline, "The transverse electric modes 
in coaxial cavities," PROC. I.R.E., vol. 34, pp. 14P-17P; Janu-
ary, 1946. 

(532) L. Mandelstam, "Emission through an aperture in a reso-
nator," Jour. Ex. Th. Phys. (U.S.S.R.) (In Russian), vol. 15, 
no. 9, pp. 471-474; 1945. 

(533) H. Motz, "Calculation of the electromagnetic field, frequency 
and circuit parameters of high-frequency resonator cavities,' 
Jour. I.E.E. (London), vol. 93, part III, pp. 335-343; Septem-
ber, 1946. 

(534) P. Nicholas, "Characteristic oscillations of solid conductors 
and electromagnetic cavities," Ann. de Radioelect., vol. 1, pp. 
181-190; January, 1946. 

(535) J. T. Randall, "The cavity magnetron," Proc. Phys. Soc. (Lon-
don), vol. 58, pp. 247-252; May, 1946. 

(536) 0. E. H. Rydbeck, "On the forced electromagnetic oscillations 
in spherical resonators," Ark. Mat. Asir. Fys., vol. 32A, no. 3, 
paper 11,18 pp.; 1945. 

(537) R. L. Sproul! and E. G. Linder, "Resonant-cavity measure-
ments," PROC. I.R.E., vol. 34, pp. 305-312; May, 1946. 

(538) C. G. A. von Lindern and G. de Vries, "Flat cavities as electri-
cal resonators," Phillips Tech. Rev., vol. 8, pp. 149-160; May, 
1946. 

(539) R. Warnecke and J. Bernier, "Electronic generator of electro-
magnetic waves (in a cavity resonator)," Corn pt. Rend. (Paris), 
vol. 218, pp. 73-75; January 10,1944. 

General 

Other papers of special interest in the general field of 
wave phenomena which became available during the 
year included the following: 

(540) H. Arzelies, "Specular reflection," Ann. Phys. (Paris), vol. 1, 
pp. 5-69; January-February, 1946. 

(541) E. T. Copson, "An integral equation method of solving plane 
diffraction problems," Proc. Roy. Soc. A (London), vol. 186, 
pp. 100-118; June, 4,1946. 

(542) IC B. Dwight, "Geometric mean distances for rectangular con-
ductors," Trans. A.I.E.E. (Elec. Eng., August-September, 
1946), vol. 65, pp. 536-538; August-September, 1946. 

(543) Va. Feld, "The boundary problem of electrodynamics and inte-
gral equations of certain diffraction problems," Jour. Ex. Th. 
Phys. (U.S.S.R.), vol. 14, no. 9, pp. 330-341; 1944. 

(544) V. Fock, "The distribution of currents induced by a plane wave 
on the surface of a conductor," Jour. Phys. (U.S.S.R.), vol. 10, 
no. 2, pp.. 130-136; 1946. 

(545) G. A. Gnnberg, "New method of solving some boundary prob-
lems in equations in mathematical physics, where separation 
of variables is permissible," Bull. de l A cad. des Sci. de URSS, 
Ser. Phys., vol. 10, no. 2, pp. 127-168; 1946. 

(546) R. D. Hill, "Potential distributions of equal coaxial cylinders," 
Jour. Sci. Instr., vol. 22, pp. 221-222; November, 1945. 

(547) F. LUdi, "On the theory of magnetic field generators for micro-
waves," Hely. Phys. Acta (In German.), vol. 19, pp. 1-20; 
February 20,1946. 

(548) N. N. Malov, "On the question of the diffraction of electromag-
netic waves by a cylinder," Jour. Ex. Th. Phys. (U.S.S.R.) (In 
Russian), vol. 15, no. 12, pp. 759-764; 1945. 

(549) N. N. Malov, "A 'black body' for radio waves," Jour. Ex. Th. 
Phys. (U.S,S.R.) (In Russian), vol. 16, no. 6, pp. 495-498; 
1946. 

(550) J. W. Miles, "The analysis of plane discontinuities in cylindri-
cal tubes," Jour. A rous. Soc. Amer., vol. 17, pp. 259-284; Janu-
ary, 1946. 

(551) J. Ortusi, "Study on the diffraction and reflection of guided 
waves," Ann. de Radioelert., vol. 1, pp. 87-133; October, 1945. 

(552) C. L. Pekeris, "Perturbation theory of the normal modes for an 
exponential 11I-curve in nonstandard propagation of micro-
waves," Jour. Apo. Phys., vol. 17, pp. 678-684; August, 1946. 

(553) H. Poritsky and M. IL 13Iewett, "A method of solution of field 
problems by means of overlapping regions," Quart. A ppl. Math. 
vol. 3, pp. 336-347; January, 1946. 

(554) J. C. Slater, "Physics and the wave equation," Bull. Amer. 
Math. Soc., vol. 52, pp. 392-400; May, 1946. 

(555) S. T. Meyers, "Nonlinearity in frequency-modulation radio 
systems due to multipath progagation," PROC. I.R.E., vol. 
34, pp.256-265; May, 1946. 

(556) G. E. Mueller, "Propagation of 6-millimeter waves," PROC. 
I.R.E., vol. 34, pp. 181P-1831'; April, 1946. 

Television 
The year 1946 was marked by strenuous efforts on the 

part of the manufacturing industry to make television 
available to the public. Production difficulties and short-
ages of material and labor were experienced throughout 
the radio industry, and in the first three quarters of the 
year very few shipments were made. In the last quarter, 
however, the industry was successfully resolving the 
difficulties, and production of television sets was in-
creasing strongly. 
Wartime use of radio location and navigation devices 

resulted in the training of large numbers of men in pulse 
techniques. It appears that the stimulation of interest 
created thereby will be very beneficial to television. 
Many papers and articles appearing during the year 
(and reported elsewhere in this review) have shown the 
great varieties of pulse-type equipments which were 
used. Specific and direct applications of television in 
wartime were in the field of guided missiles. 

(557) "Tele-guided missiles," Elec. Ind., vol. 5, pp. 62-65,114,116, 
118; May, 1946. 

(558) C. J. Marshall and L. Katz, "Television equipment for guided 
missiles," PROC. I.R.E., vol. 34, pp. 375-401; June, 1946. 

Because of the very great interest in the technical 
aspects of television, it was found desirable to devote 
an appreciable portion of the I.R.E. Winter Technical 
Meeting in January, 1946, to the discussion of television 
developments. 

(559) 1.R.E. Winter Technical Meeting, January, 1946," PROC. 
I.R.E., vol. 34, pp. 80W-93W; February, 1946. 

Before the war considerable progress had been made 
by the industry in preparing equipment standards as a 
basis for design, but advances in the electronic art dur-
ing the war period were so great that in most cases en-
tirely new designs were called for. Potential broadcasters 
had in most cases indicated their desires by filing appli-
cations for Construction Permits with the Federal Com-
munications Commission, and by placing equipment 
reservations with manufacturers. The larger radio equip-
ment items such as transmitters were being promised 
for shipment during the first half of 1947 and the more 
elaborate studio equipments appeared to be potentially 
available during the first quarter of 1947. 



Radio Progress During 1946  419  

As a forerunner to television network operation,  con-
iderable progress was made in both the radio-relayin g 
Lnd cable type of service. By the radio method, trans-
nissions from New York to Philadelphia and New York  
:o Schenectady were continued, and progress was made 
n installations of microwave circuits from New York to 
Boston and New York to Schenectady. In the cable I:ategory many additional miles of coaxial cable were 
aid and television programs originating in New York 
I were transmitted via cable to television broadcasting 
' stations in Washington on regular schedules. Special 
.programs originating in Washington were also trans-
mitted via cable to television broadcasting stations in 

iNew York. 

1(560) Laurance G. Woodford, Keith S. McHugh, and Oliver E. Buck-
ley, "The Bell System's progress in television networks," Bell 
Tel. Meg., vol. 25, pp. 147-158; Autumn, 1946. 

In preparing for effective broadcasting on television, 
studio techniques and operating requirements were 

studied. 
• (561) D. C. Birkinshaw and D. R. Campbell, "Studio technique in 

television," Jour. I.E.E. (London), vol. 92-93, part III, pp. 
165-181; September, 1945. 

• (562) R. E. Farnham, "An appraisal of illuminants for television 
studio lighting," Jour. Soc. Mot. Pict. Eng., vol. 46, pp. 431-
440; June, 1946. 

(563) F. T. Bowditch, M. R. Null, and R. J. Zevesky, "Carbon arcs 
for motion picture and television studio lighting," Jour. Soc. 
Mot. Pic. Eng., vol. 46, pp. 441-453; June, 1946. 

Every part of the home installation of a television 
receiving system received attention. The usual antenna 
for a single installation was generally some form of a 
dipole, designed to cover as much as possible of a fre-
quency band broad enough to cover all frequency-modu-
lation and television broadcasting channels and in some 1 cases provided with directors or reflectors to improve 
signal pickup. Advertising literature in the various 
technical periodicals gave the important electrical char-
acteristics of the antennas offered. Considerable thought 
was given to the problem of providing television signal 
pickup for apartment house installations, and at least 
one manufacturer offered a complete system. 
The standardization of receiver transmission lines to 

300 ohms surge impedance was beneficial in simplifying 
the problems of both the manufacturer and the user. 
Good materials for the construction of these lines were 

available. 

(564) "Report of conference on radio-frequency cables," Trans. 
A.1.E.E. (Elec. Eng., December, 1945), vol. 64, pp. 911-941; 
December Supplement, 1945. 

A great deal of commercial engineering analysis was 
put into the problem of determining whether television-
receiver input systems should tune to all thirteen chan-
nels or only to eight, the maximum number which might 
be assigned in any particular metropolitan area. The 
preponderance of favor seemed to be toward a receiver 
which, as delivered, will tune to all thirteen channels. 
One method of tuning to all thirteen channels made use 

of small rotary-coil variable inductors. 
involved the mounting of the thirteen 
input systems on a tap switch. 
(565) Paul Ware, 'Inductive tuning system for FM-television receiv-

ers," Proc. Radio Club Amer., vol. 23, pp. 9-16; May, 1946. 

Other methods 
separate tuned 

Phosphor development during and after the war pro-
vided picture-tube screens of high efficiency and ac-

curately controllable color. 
(566) I. Krushel, "Phosphors and their behavior in television," 

Elec. Ind., vol. 4, pp. 100-105, 132, 134; December, 1945; and 
vol. 5, pp. 92-95, 142, 144, 146, 148, 150; January, 1946. 

Man-made electrical interference, including dia-
thermy, electronic heating, ignition, and receiver os-
cillator radiation, continued as potential threats to 
satisfactory television service. Some analyses of the 

problem appeared. 
(567) T. T. Goldsmith, "Television interference-engineering prob-

lems," Elec. Ind., vol. 5, pp. 60-61, 108; July, 1946; and pp. 
73-75, 96; August, 1946. 

The effects of local oscillator radiation were discussed. 

(568) E. W. Herold, "Local oscillator radiation and its effect on tele-
vision picture contrast," RCA Rev., vol. 7, pp. 32-53; March, 
1946. 

The Federal Communications Commission in the 
United States initiated steps toward the control of inter-
ference-producing sources. 
(569) Public notice in the Matter of "Promulgation of rules and regu-

lations governing medical diathermy equipmentand industrial 
heating equipment," Federal Communications Commission, 
Docket No. 7858, Nos. 97876 and 97877, September 20, 1946. 

Announcement was made of a new method for han-
dling the audio channel in television receivers. Provided 
that certain recommended modulation-depth and phase-
modulation limits are maintained in the transmitters, 
this method would effect some receiver circuit simpli-
fication and provide a solution to the local-oscillator 

drift problem. 
(570) R. B. Dome, "Television sound channels," presented, Roch-

ester Fall Meeting, Rochester, N. Y., November 12, 1946. 
(Abstract, Communizations, vol. 26, pp. 22, 24; December, 
1946.) 

In the color-television field, opinion was divided into 
two basic groups. One group held that the sequential 
color system had been perfected to the point where it 
was ready for commercialization as soon as the Federal 
Communications Commission gave approval to the use 
of ultra-high frequencies for this purpose. The other, 
group, favoring a simultaneous color system, held that, 
although not perfected, the simultaneous system showed 
sufficient promise to warrant delaying commercializa-
tion of a color system until further experimentation was 

completed. 
(571) "Color television-is it ready to adopt?," Elec. Ind., vol. 5, pp. 

88, 118, 120; April, 1946. 
(572) D. G. Fink, "Where color television stands," Electronics, vol. 

19, pp. 104-107; May, 1946. 
(573) "Interim Report, UHF color television (November, 1946)," 

RTPB Panel 6, RMA Television Systems Committee; RTPB 
6-2143-A, November 25, 1946. 

(574) "All-electronic color television," Electronics, vol. 19, pp. 140, 
142; December, 1946. 
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Studies of the technical requirements for television 
transmission were continued. 

(575) R. E. Graham and F. W. Reynolds, "A simple optical method 
for the synthesis and evaluation of television images," PROC. 
I.R.E., vol. 34, pp. 18W-30W; January, 1946. 

Piezoelectric Crystals 
The following summary is based on papers published 

since the last annual report, together with a few earlier 
ones that have only recently become available. Consid-
erably more progress has been made than the summary 
would indicate, but the results are not yet released for 
publication. 
Two noteworthy books dealing with piezoelectric 

phenomena have appeared in recent months. One is a 
general treatise dealing not only with the piezoelectric 
properties of crystals but with the crystallographic, di-
electric, and elastic properties as well. The treatment 
includes both theory and experimental results. The other 
is a compilation Of certain papers mentioned in previous 
annual reviews, together with new material, dealing 
with the various quartz cuts and their properties, tech-
niques of orientation, preparation, mounting, testing, 
etc. 

(576) W. G. Cady, "Piezoelectricity, an Introduction to the Theory 
and Applications of Electromechanical Phenomena in Crys-
tals," McGraw-Hill Book Co., New York and London, 1946. 
Pp. 806, with illustrations and tables. 

(577) R. H. Heising, "Quartz Crystals for Electrical Circuits," 
D. Van Nostrand Co., New York, N. Y., 1946. Pp. 563 with 
illustrations and tables. 

Quartz Crystals 

The perennial problem of maintaining the supply of 
quartz crystals, and of understanding and gaining the 
mastery over the physical properties of quartz, has re-
ceived considerable attention. 
(578) Elizabeth J. Armstrong, "X-ray studies of surface layers of 

crystals," Bell Sys. Tech. Jour., vol. 25, pp. 136-155; January, 
1946. 

(579) W. L. Bond, "Computation of interfacial angles, interzonal an-
gles, and clinographic projection by matrix methods," Amer. 
Mineralogist, vol. 31, pp. 31-42; 1946. 

(580) F. Connor, "Quartz crystals in war and peace," Domestic Com-
merce, vol. 33, pp. 24-26; September, 1945; and Jour. Chem. 
Education, vol. 22, pp. 546-547; November, 1945. 

(581) D. D'Eustachio, "Surface layers on quartz and topaz," Phys. 
Rev., vol. 70, pp. 522-528; October, 1946. 

(582) C. Frondel, "Elastic deficiency and color of natural smoky 
quartz," Phys. Rev., vol. 69, pp. 543-544; May 1 and 15,1946. 
(Let. toed.) 

(583) J. Henderson, "Quartz crystal in New Zealand," New Zealand 
Jour. Sci. Tech. B, vol. 25, pp. 162-169; January, 1944. 

(584) R. S. Rivlin, "Optical methods for determining the orientation 
of quartz crystals," Jour. Sci. Instr., vol. 22, p. 221; Novem-
ber, 1945. 

(585) R. S. Rivlin and H. P. Rooksby, "A simple X-ray spectrome-
ter," Jour. Sci. Instr., vol. 23, pp. 148-150; July, 1946. 

(586) N. Wooster and W. A. Wooster, "Preparation of synthetic 
quartz," Nature (London), vol. 157, p. 297; March 9,1946. 

(587) W. A. Wooster and N. Wooster, "Control of electrical twinning 
in quartz," Nature (London), vol. 157, pp. 405-406; March 30, 
1946. 

(588) L. A. Thomas, "Terminology of interpenetrating twins in a-
quartz," Nature (London), vol. 155, p. 424; April 7,1945. 

(589) S. Tolansky, "The topography of crystal faces. I. The topogra-
phy of a (100) face of left-handed quartz crystal," Proc. Roy. 
Soc. A, vol. 184, pp. 41-51; July 23,1945. 

Other Crystals 

Although in many important applications Rochelle 
salt, for various practical reasons, is being replaced by 
other crystals, it is still to some extent the object of 
scientific study. Progress has been made recently in 
correlating, over a wide range of temperature, the ther-
mal expansion of Rochelle salt with its crystal structure 
as revealed by X-rays, with special reference to the 
anomalies at the Curie points and the part played by 
hydrogen bonds. 
The chief rivals of Rochelle salt at present are the 

primary phosphates of potassium (KH2PO4 or “KDP") 
and of ammonium (NH4H2PO4 or "ADP"). A determi-
nation of the thermal expansion, and of the dielectric, 
elastic, and piezoelectric constants over a wide range of 
temperatures has been made by Mason. He gives also 
a theoretical discussion of his results. The phosphates of 
potassium KH2PO4 and KD2PO4 have been investi-
gated by De Quervain, by means of X-rays. He pays 
particular attention to the effects at the Curie points 
and the domain structure. 
Bartschi and his associates have investigated the ef-

fect on the dielectric and elastic properties of NH4H2PO4 
caused by replacing some of the NH4 groups with thal-
lium. Matthias and 'Merz found that the replacing of 
some of the K ions in KH2PO4 with alkali metals lowered 
the Curie point, while thallium raised it. The T1 sub-
stitution also increased the stiffness, raised the tempera-
ture at which the temperature coefficient of frequency 
vanished, and made d14 greater, du smaller. 

(590) P. Bartschi, B. Matthias, W. Merz, and P. Scherrer, "Dis-
placement of the critical point in the NH4-rotation-transforma-
tion," Hely. Phys. Ada, vol. 18, no. 4, pp. 238-240; 1945. 

(591) M. de Quervain, "X-ray investigations with potassipm phos-
phate at low temperatures," Hely. Phys. Ada., vol. 17 no. 7, 
pp. 509-552; 1944. 

(592) W. P. Mason, "The elastic, piezoelectric and dielectric con-
stants of potassium dihydrogen phosphate, and ammonium 
dihydrogen phosphate," Phys. Res., vol. 69, pp. 173-194; 
March 1 and 15,1946. 

(593) W. P. Mason, "Elastic, piezoelectric and dielectric properties of 
sodium chlorate and sodium bromate," Phys. Rev., vol. 70, pp. 
529-537; October 1 and 15,1946. 

(594) W. P. Mason, "Properties of monoclinic crystals," Phys. Rev., 
vol. 70, pp. 705-728; November 1 and 15,1946. 

(595) B. Matthias and W. Merz, "Effect of foreign ions on seignette-
electric properties," Hely. Phys. Ada., vol. 19, no. 4, pp. 227-
229; 1946. 

(596) A. R. Ubbelohde and I. Woodward, "Structure and thermal 
properties of crystals. VI, The role of hydrogen bonds in 
Rochelle Salt," Proc. Roy. Soc. A., vol. 185, pp. 448-465; April 
5,1946. 

Growing Crystals 

Among the papers describing methods of growing ar-
tificial crystals may be mentioned the following: 

(597) R. M. Barrer, "Preparation of synthetic quartz," Nature (Lon-
don), vol. 157, p. 734; June 1,1946. 

(598) A. N. Holden, 'Apparatus for growing single crystals from so-
lution," Phys. Rev., vol. 68, p. 283; December 1 and 15,1945. 
(Abstract.) 

In this connection may be mentioned an investigation 
in which crystals were grown containing two parts of a 
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(607) F. A. Firestone and J. R. Frederick, "Refinements in supersonic 
reflectoscopy; polarized sound," Jour. Acous. Soc. Amer., vol. 
18, pp. 200-211; July, 1946. 

d-Glucose and one of the chloride, bromide, or iodide 
of sodium. Resonators from these crystals all had tem-
perature coefficients of frequency of the order of 
180(10-6 ) per degree centigrade. Values of the piezo-
electric constants are not given. 
(599) B. Matthias and W. Merz, "Piezoelectricity of the sugar-so-

dium halides," Helv. Phys. Ada, vol. 19, no. 4, pp. 229-230: 
1946. 

Vibrational Theory 

Progress continues to be made in vibrational theory. 
Ekstein has extended his theory, mentioned in last 
year's annual report, and has applied it to the thickness 
vibrations of quartz plates and their reaction on the 
driving circuit. Swann has published a dynamical treat-
ment of a vibrating crystal carrying a mechanical load 

at either boundary. 
(600) H. Ekstein, "Forced vibrations of piezoelectric crystals," Phys. 

Rev., vol. 70, pp. 76-84; July 1 and 15, 1946. 
(601) W. F. G. Swann, 'General dynamical considerations applied 

to piezoelectric oscillations of a crystal in an electrical cir-
cuit," Jour. Frank. Inst., vol. 242, pp. 167-195; September, 
1946. 

Piezo Oscillators 

In the study of piezo oscillators, Biggs and Wells have 
suggested several methods for measuring antiresonant 
impedance. Butler describes some new oscillating cir-
cuits, all employing series resonance; although they 
provide lower stability of frequency than the Meacham 
oscillator, they are claimed to have more power. Grasel 
describes a crystal-controlled generator for aligning air-

. craft-beacon receivers. 
(602) A. J. Biggs and G. M. Wells, "The measurement of the activity 

of quartz oscillator crystals," Jour. I.E.E. (London), vol. 93, 
part III, pp. 29-36; January, 1946. 

(603) F. Butler, "Series-resonant crystal oscillators," Wireless Eng., 
vol. 23, pp. 157-160; June, 1946. 

(604) W. C. Grasel, "A crystal-controlled 75-mc signal generator," 
Communizations, vol. 25, pp. 46, 48, 51; June, 1945. 

Miscellaneous Applications 

Although no strikingly new applications of piezoelec-
tric crystals have been revealed, there has been some 
activity in improved designs of crystal filters, including 
the use of "duplex crystals" (two quartz plates bonded 
together to vibrate flexurally at frequencies as low as 
1 kilocycle). Jaffe has offered suggestions for expressing 
the figures of merit of crystal transducers when serving 
as voltage-generating devices and as emitters of ultra-
sonic waves. Mason has used a torsionally vibrating 
crystal in measurements of the viscosity of gases. 

(608) W. Bantle, B. Matthias, and P. Scherrer, "Specially-wide-band 
filters using artificial crystals," Schweiz. Arch. angew. Wiss. 
Tech., vol. 11, pp. 161-164; June, 1945. 

(609) H. Jaffe, "The order of magnitude of piezoelectric effects,' 
Phys. Rev., vol. 68, p. 282; December 1 and 15, 1945. (Abstract.) 

(610) C. E. Lane, "Duplex crystals," Bell Lab. Rec., vol. 24, pp. 59-
62; February, 1946. 

(611) F. J. Lehany and K. G. Dean, "An unbalanced narrow-band 
crystal filter," A. W.A. Tech. Rev. (Australia), vol. 6, no. 7, pp. 
369-380; 1945. 

(612) W. P. Mason, "Variations of the viscosity of polyatomic gases 
with frequency," Phys. Rev., vol. 70, p. 110; July 1 and 15, 
1946. (Abstract.) 

(613) E. S. Willis, "A new crystal channel filter for broadband car-
rier systems," Trans. A.I.E.E. (Elec. Eng., March, 1946), vol. 
65, pp. 134-138; March, 1946. 

There is at present a trend toward the adoption of the 
meter-kilogram-second system of units for piezoelectric 
quantities, and also toward certain changes in defini-
tions and symbols for crystallographic and elastic termi-
nology. Some specific recommendations on these matters 
have already been agreed upon by the Institute's Com-
mittee on Piezoelectric Crystals, to be made public in 

a forthcoming report. 

Use of Crystals in Ultrasonics 

The investigation of ultrasonic phenomena, which be-
gan soon after World War I, has recently received fresh 
impetus, largely through the application of the pulse 
techniques that were developed for radar. Several papers 
in this field have appeared during the past year. In most 
of this work a piezoelectric crystal, usually quartz, was 
used both as a transmitter of ultrasonic radiation and 
as a detector. A noteworthy application of ultrasonic 
beams from crystals is the "supersonic reflectoscope" for 
locating hidden flaws in metals, measuring the thickness 
of metal parts, etc. Both compressional and shear waves 
can be used. The latter are generated by a Y-cut quartz 
plate; the waves are polarized, the vibration direction 
being parallel to the X axis of the quartz. 
(605) W. S. Erwin, "Supersonic measurement of metal thickness," 

Iron Age, vol. 154, pp. 59-61, November 9, 1944; Steel, vol. 116, 
pp. 131, 188, 190, 192; March, 1946. 

(606) F. A. Firestone, "The supersonic reflectoscope for interior in-
spection," Metal Progress, vol. 48, pp. 505-512; September, 
1945. 

Electroacoustics 
During the first postwar year many investigators re-

turned to peacetime subjects. This is indicated by the 
papers published on room acoustics and related subjects, 
on the construction of acoustic laboratories, on musical 
tones, methods of measuring acoustic materials, on the 

visual representation of speech, etc. 
Papers illustrative of the design of acoustic rooms 

were: 
(614) L. L. Beranek and H. P. Sleeper, Jr., "The design and construc-

tion of anechoic sound chambers," Jour. A cous. Soc. Amer., vol. 
18, pp. 140-150; July, 1946. 

(615) R. H. Bolt, "Note on normal frequency statistics for rectangu-
lar rooms," Jour. Acous. Soc. Amer., vol. 18, pp. 130-133; July, 
1946. 

(616) W. S. Gorton, "Demountable soundproof rooms," Jour. Acous. 
Soc. Amer., vol. 17, pp. 236-239; January, 1946. 

(617) D. P. Loye and R. L. Morgan: "A small acoustical tube for 
measuring absorption of acoustical materials in auditoriums," 
Jour. Acous. Soc. Amer., vol. 17, pp. 326-328; April, 1946. 

(618) F. Massa, "Sound-pressure measurement standard," Electron-
ics, vol. 19, pp. 218, 220, 222, 224, 226, 228; May, 1946. 

Interesting was the use of wedges to increase the ab-
sorbing surface beyond that provided by the walls, and 
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also the use of nonuniform distribution of the sound-
absorbing material to obtain desired effects. 

(619) Herman Feshbach and Cyril M. Harris, "Effect of nonuniform 
wall distributions of absorbing material on the acoustics of 
rooms," Jour. Acous. Soc. Amer., vol. 18, pp. 472-487; Oc-
tober, 1946. 

(620) C. M. Harris, "The effect of position on the acoustical absorp-
tion by a patch of material in a room, " Jour. Acous. Soc. Amer., 
vol. 17, pp. 242-244; January, 1946. 

(621) V. 0. Knudsen, "Propagation of sound in the atmosphere— 
attenuation and fluctuations," Jour. Acous. Soc. Amer., vol. 
18, p p. 90-96; July, 1946. 

(622) K. C. Morrical, "Irregular room surfaces in studios," (Ab-
stract.) Communications, vol. 26, pp. 35-36; April, 1946. 

Reports on some of the theoretical work on acoustics 
done during the year may be found in the following ar-
ticles: 

(623) P. G. Bergmann, "The wave equation in a medium with a 
variable index of refraction," Jour. Acous. Soc. Amer., vol. 17, 
pp. 329-333; April, 1946. 

(624) R. K. Cook and P. Chrzanowski, "Absorption and scattering 
by sound-absorbent cylinders," Jour. Acous. Soc. Amer., vol. 
17, pp. 315-325; April, 1946; Jour. Res. Nat. Bur. Stand., 
vol. 36, pp. 393-410; April, 1946. 

(625) H. Fletcher, "The pitch, loudness and quality of musical 
tones," Amer. Jour. Phys., vol. 14, pp. 215-225; July—August, 
1946. 

(626) E. W. Stewart, "Dispersion of the velocity and anomalous ab-
sorption of sound in hydrogen." Phys. Rev., vol. 69, pp. 632-
640; June 1 and 15,1946. 

A subject that was considered during the war and is 
now being generally applied in acoustic calibrations is 
the principle of reciprocity. 

(627) A. L. Di Mattia and F. M. Wiener, "On the absolute pressure 
calibration of condenser microphones by the reciprocity meth-
od," Jour. Acous. Soc. Amer., vol. 18, pp. 341-343; October, 
1946. 

(628) Edwin M. McMillan, "Violation of the reciprocity theorem in 
linear passive electromechanical systems," Jour. Acous. Soc. 
Amer., vol. 18, pp. 344-347; October, 1946. 

Work done on visual representation of speech was 
published: 

(629) R. K. Potter, "Introduction to technical discussions of sound 
portrayal," Jour. Acous. Soc. Amer., vol. 18, pp. 1-3; July, 
1946. 

(630) H. Dudley and 0. 0. Gruenz, Jr., "Visible speech translators 
with external phosphors," Jour. Acous. Soc. Amer., vol. 18, pp. 
62-73; July, 1946. 

(631) W. Koenig, H. K. Dunn, and L. Y. Lacy, "Sound spectro-
graph," Jour. Acous. Soc. Amer., vol. 18, pp. 19-49; July, 1946. 

(632) G. A. Kopp and H. C. Green, "Basic phonetic principles of visi-
ble speech," Jour. Acous. Soc. Amer., vol. 18, pp. 74-89; July, 
1946. 

(633) J. C. Steinberg and N. R. French. "The portrayal of visible 
speech," Jour. Acous. Soc. Amer., vol. 18, pp. 4-18; July, 1946. 

The end of the war also brought about the release of 
the results of various war projects which were previously 
unavailable for publication. A number of papers ap-
peared on the subjects of underwater sound, echo-rang-
ing sonar, the acoustic properties of liquids and metals, 
ultrasonics and supersonics, aircraft acoustical prob-
lems, etc. 
Illustrative of the material published on underwater 

sound are the following papers: 

(634) J. W. M. Du Mond, E. R. Cohen, W. K. H. Panofsky, and 
E. Deeds, "A determination of the wave forms and laws of 
propagation and dissipation of ballistic shock waves," Jour. 
Acous. Soc. Amer., vol. 18, pp. 97-118; July, 1946. 

(635) R. J. Evans, "Echo ranging sonar," Electronics, vol. 19, pp. 
88-93; August, 1946. 

(636) F. E. Fox and G. D. Rock, "Compressional viscosity and sound 
absorption in water at different temperatures," Phys. Rev., vol. 
70, pp. 68-73; July 1 and 15,1946. 

(637) R. S. Lanier and C. R. Sawyer, "Sonar for submarines," Elec-
tronics, vol. 19, pp. 99-103; April, 1946. 

(638) Donald P. Loye and Don. A. Proudfoot, "Underwater noise 
due to marine life," Jour. Acous. Soc. Amer., vol. 18, pp. 446-
449; October, 1946. 

(639) R. Clark Jones, "Fifty horsepower siren," Jour. Acous. Soc. 
Amer., vol. 18, pp. 371-386; October, 1946. 

(640) M. F. M. Osborne and S. D. Hart, "Transmission reflection 
and guiding of an exponential pulse by a steel plate in water," 
Jour. Acous. Soc. Amer., vol. 18, pp. 170-184; July, 1946. 

(641) C. L. Pekeris, "Theory of propagation of sound in a half-space 
of variable sound velocity under conditions of formation of a 
shadow zone," Jour. Acous. Soc. Amer., vol. 18, pp. 295-315; 
October, 1946. 

(642) I. Rudnick, "Acoustic transmission through a fluid lamina," 
Jour. Acous. Soc. Amer., vol. 17, pp. 245-253; January, 1946. 

(643) B. K. Sahay, "A new aspect of ultrasonics," Jour. Acous. Soc. 
Amer., vol. 17, pp. 285-286; January, 1946. 

(644) G. B. Shaw, "Echo depth sounder for shallow water," Elec-
tronics, vol. 19, pp. 88-92; September, 1946. 

The work done in the field of ultrasonics is illustrated 
by these articles: 

(645) F. A. Firestone and J. R. Frederick, "Refinements in supersonic 
reflectoscopy. Polarized sound," Jour. Acous. Soc. Amer., vol. 
18, pp. 200-211; July, 1946. 

(646) J. Quinn, "The absorption of ultrasonic waves in benzene," 
Jour. Acous. Soc. Amer., vol. 18, pp. 185-189; July, 1946. 

Studies of the acoustic properties of the jungle were 
made to asist in the war effort: 

(647) Carl F. Eyring, "Jungle acoustics," Jour. Acous. Soc. Amer., 
vol. 18, pp. 257-270; October, 1946. 

(648) John S. Saby and Howard A. Thorpe, "Ultrasonic ambient 
noise in tropical jungles," Jour. Acous. Soc. Amer., vol. 18, pp. 
271-273; October, 1946. 

Acoustic methods were applied to problems connected 
with aircraft and the atmosphere: 

(649) G. W. Gilman, H. B. Coxhead, and F. H. Willis, "Reflection 
of sound signals in the troposphere," Jour. Acous. Soc. Amer., 
vol. 18, pp. 274-283; October, 1946. 

(650) K. R. Jackman, "Aircraft acoustical, problems and possible 
solutions," Aviation, vol. 45, pp. 75-79, July, 1946; pp. 83-89, 
August, 1946, pp. 71-78, September, 1946. 

(651) J. Weichbrod, "Problems of high altitude communication," 
Jour. Acous. Soc. Amer., vol. 18, pp. 161-166; July, 1946. 

The matter of aiding those with defective hearing has' 
been a matter of concern. The design of better, and es-
pecially more compact, hearing aids and methods of 
testing and selecting hearing aids were the subjects of a 
number of papers, as follows: 

(652) H. Montague, "Hearing aids for deaf children," Volta Rev., vol. 
48, pp. 9-13,60; January, 1946. 

(653) 0. A. Whildin, "Hearing aid service for children," Volta Rev., 
vol. 48, pp. 23-26; January, 1946. 

(654) T. H. Turney, "Testing of deaf aids," Jour. Sci. Inst., vol. 23, 
pp. 58-59; March, 1946. 

(655) H. Daves and others, "The selection of hearing aids," Laryngo-
scope, vol. 56, pp. 85-115; March, 1946. 

(656) E. H. Greibach, "Laboratory method for objective testing of 
bone receivers and throat microphones," Trans. A.I.E.E. 
(Elec. Eng., April, 1946), vol. 65; April, 1946. 

Great activity has taken place in the field of sound 
recording and reproduction. The principal methods 
studied were film, phonograph, and magnetic recording. 
New and improved types of sound pickups and 
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reproducers were worked on. Means for improving the 

quality of reproduction and the reduction of interfering 

noise were discussed, as well as refinements in the me-

chanical design of apparatus. 
The optical method for measuring groove modulation 

has provided a useful tool: 

, (657) B. B. Bauer, "Measurement of recording characteristics by 
means of light patterns," Jour. Acous. Soc. Amer., vol. 18, pp. 
387-394, 395; October, 1946. 

Magnetic recording is another development which has 

interesting possibilities: 

(658) S. J. Begun, 'Magnetic recording," (Abstract), Communica-
tions, vol. 26, pp. 31, 33; April, 1946. 

(659) M. Camras, "Theoretical response from a magnetic-wire rec-
ord," PROC. I.R.E., vol. 34, pp. 597-602; August, 1946. 

(660) T. H. Long and G. D. McMullen, "A B-H curve tracer for mag-
netic-recording wire," Elec. Eng., Trans., vol. 65, pp. 146-149; 
March, 1946. 

•  But film and disk processes also received further con-

sideration: 

(661) A. M. Glover and A. R. Moore, "A phototube for dye image 
sound track," Jour. Soc. Mot. Pict. Eng., vol. 46, pp. 379-386; 
May, 1946. 

(662) H. B. Lee, "Stereophon sound recording system," Jour. A cous. 
Soc. Amer., vol. 17, pp. 356-357; April, 1946. 

(663) H. P. Kalmus, "Pickup with low mechanical impedance," 
Electronics, vol. 19, pp. 140-145; January, 1946. 

Further progress was made in the design of loudspeak-

ers and microphones, their use and calibration. Articles 

on this subject covering broadcasting, theater and radio 
receiving, as well as wartime applications, are indicated 

by the following: 

(664) J. F. Marshall, "The Navy type PAM-1 portable announcing 
system," Engrs. Notebook, vol. 2, pp. 6-7; January, 1946. 

(665) F. L. Hopper and R. C. Moody, Wave propagation and out-
door field tests of a loudspeaker system,, Jour. Soc. Mot. Pict. 
Eng., vol. 46, pp. 115-123; February, 1946. 

(666) J. B. Lansing, "New permanent magnet public address loud-
speaker," Jour. Soc. Mot. Pict. Eng., vol. 46, pp. 212-219; 
March, 1946. 

(667) P. Hickson, "Marine loudspeaking gear," Wireless World, 
vol. 52, pp. 254-255; August, 1946. 

(668) H. F. Olson, "Gradient microphones," Jour. Acous. Soc. Amer., 
vol. 17, pp. 192-198; January, 1946. 

(669) H. E. Ellithorn and A. M. Wiggins, "Antinoise characteristics 
of differential microphones," Paoc. I.R.E., vol. 34, pp. 84P-
89P; February, 1946. 

(670) J. B. Ledbetter, "Broadcast microphones," Radio News, Ra-

dio-Electronic Dept., vol. 6  analysis applied to a dy-namic 10-13, 20-21; June, 1946. 
(671) J. E. White, "Motional impedance 

microphone," Jour. cous. Soc. Amer., vol. 18, pp. 155-
160; July, 1946. 

Railroad and Vehicular Com-
munication 

The most significant uses of radiotelephone apparatus 

in land-mobile applications was in the 152- to 162-mega-

cycle band. Many field tests and the operation of new 

systems demonstrated urban coverage in this band to 

be superior to the coverage achieved in the 30- to 40-
megacycle range. The superior performance of the 

higher-frequency band was attributed to: 

(1) The lower level of noise found at the higher fre-

quencies. 
(2) The filling in of possible dead spots by the multi-

ple reflections of the higher-frequency waves. 

(3) The absence of skywave interference in the 152-

to 162-megacycle band. 

Tests were made of rural coverage in the three mobile-

service bands, 30 to 44, 72 to 76, and 152 to 162 mega-

cycles. The first reports showed comparable perform-

ance where primary coverage only was considered and 

where the effects of ignition noise and sky-wave inter-

ference were neglected. The 30- to 44-megacycle band 

provided the greatest range of the three bands where 

secondary coverage was included in the test. Additional 

test data must be available before general conclusions 

can be reached, but the trend of the information indi-

cated that effective rural coverage might be obtained 

with equipment operating in the higher-frequency bands. 

Equipment design moved along conventional lines, 

with emphasis upon low standby drain for mobile equip-

ment and upon stability and sensitivity. Specialized 

mounting methods were explored with a view to de-

veloping railroad equipment which would withstand 

severe shock. Power-gain antennas were developed for 

the land stations in the 152- to 162-megacycle band. 

Selective calling systems of several types were put into 

use to provide for the individual calling of mobile units. 

Telephone companies inaugurated field trials of a new 

service whereby vehicles could be furnished with radio-

telephone service as an extension of the wire-line tele-

phone system. The National Association of Motor Bus 

Operators began the installation of a pilot system for the 

investigation of the use of radiotelephone equipment for 

bus dispatching and safety control. Several railroads 

installed experimental radio systems. Many taxicab 

companies installed radio equipment for use in taxi 

dispatching. The American Trucking Association an-

nounced that it planned to investigate the use of radio-

telephone dispatching in the trucking service. Power 

companies, pipe lines, construction companies, fire de-

partments, forestry divisions, road maintenance depart-

ments, and police planned to extend their use of mobile 

radio equipment. 

(672) W. E. Peek, "Two-way radio blazes its way into transit 1946 
future," Mass Transportation, vol. 41, p. 287; October, 1945. 

(673) 'Calling all buses," Bus Transportation, vol. 24, p. 67; No-
vember, 1945; also, vol. 25, p. 45; February, 1946. 

(674) "Engines with ears; fm radio offers simpler execution of train 
orders," National Safety News, vol. 52, p. 40; November, 1945. 

(675) H. H. Hasselbacker, "Modern railroad communication," Com-
mercial and Financial Chronicle, vol. 162, p. 3016; December 
20, 1945. 

(676) P. B. Tanner, "Very-high-frequency space radio for train com-
munication," Commercial and Financial Chronicle, vol. 162, 
p. 3142; December 27, 1945. 

(677) "Recorder for train communication," Railway Age, vol. 119, 
p. 1050; December 29, 1945. 

(678) "Rules for train telephone service; FCC proposes rules and 
regulations for governing use of raaio," Railway Age, vol. 119; 
pp. 863-865; November 24, 1945. 

(679) "Highway radio control of truck traffic," Electronics, vol. 18, 
pp. 248, 250; December, 1945. 

(680) "Two-way vehicular telephone service planned by A. T. and 
T.," Product Engineering, vol. 16, p. 859; December, 1945. 

- 
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(681) R. A. Clark, Jr., "Railroad radio communications," Communi-
cations, vol. 25, pp. 62-66; December, 1945. 

(682) J. H. Dunn, "Railroad telegraph and telephone saw big change 
in 1945," Railway Age, vol. 120, pp. 114-118; January 5, 1946. 

(683) J. H. Dunn, "Train communication squared away in 1945," 
Railway Age, vol. 120, pp. 62-66; January 5, 1946. 

(684) "Communication test employs film recorder," Railway Mech. 
Eng., vol. 120, p. 41; January, 1946. 

(685) E. A. Dahl, "2660-mc. train communication system," Electron-
ics, vol. 19, pp. 118-122; January, 1946. 

(686) "Highway radiophone service," FM and Television, vol. 6, pp. 
45, 72; January, 1946. 

(687) "Agencies agree on train radio control," Railway Age, vol. 120, 
p. 295; February 2, 1946. 

(688) "Mobile radio for the police force," Engineer, vol. 181, p. 174; 
February 22, 1946. 

(689) "Radio laboratory on the rails," Diesel Power, vol. 25, pp. 185-
186; February, 1946. 

(690) "Railroad communications systems," Diesel Power, vol. 24, pp. 
212-213; February, 1946. 

(691) "Erie railroad tests two-way communications equipment," 
Telegraph and Telephone Age, vol. 64, p. 5; February, 1946. 

(692) "Waycar fourteen fifty-two calling Diesel thirty-two, "Diesel 
Power, vol. 24, pp. 204-206; February, 1946. 

(693) "Mobile service for intercity highways," Bell. Lab. Rec., vol. 24, 
p. 62; February, 1946. 

(694) "Multicarrier communication system: diversity transmission 
for mobile working," Wireless World, vol. 52, pp. 59-61; Febru-
ary, 1946. 

(695) M. B. Sleeper, "Selective calling in New York on 157 mc.," 
FM and Television, vol. 6, pp. 46-49; February, 1946. 

(696) H. L. Landau, "Mobile 2 to 18 mc. radioteletype for long-range 
operation," Communications, vol. 26, pp. 36-37, 54-55, 74; 
February, 1946. 

(697) "New reading communications system embodies war advances 
in radar," Telegraph and Telephone Age, vol. 64, pp. 6-7; Febru-
ary, 1946. 

(698) "Radio for trucks," Shipping Management, pp. 18-19; Febru-
ary, 1946. 

(699) "Yard radio tests on the Reading," Railway Age, vol. 120, pp. 
509-511; March 9, 1946. 

(700) "Motor alternator for train communication," Railway Age, vol. 
120, p. 677; March 30, 1946. 

(701) J. J. Kennedy, "Power supply for communication equipment," 
Railway Mech. Eng., vol. 120, pp. 149-150; March, 1946. 

(702) L. J. Prendergast, "Train communication finding its place," 
Railway Mech. Eng., vol. 120, pp. 142-145; March, 1946. 

(703) W. B. Chilson, "Radio co-ordinates highway work," Better 
Roads, vol. 16, pp. 29-31; March, 1946. 

(704) J. P. Woodward and W. R. McMillan, "Experience with emer-
gency fm radio communication," Edison Elec. Inst. Bull., vol. 
14, pp. 83-84; March, 1946. 

(705) J. E. Hubei, 'New radio dispatching system," Radio News, vol. 
35, pp. 68-70; March, 1946. 

(706) A. C. Nygren and W. G. Clinton, "161 mc satelite system for 
rail yards," FM and Television, vol. 6, pp. 38-43; April, 1946. 

(707) Baltimore and Ohio radio installation," Railway Mech. Eng., 
vol. 120, pp. 213-215; April, 1946. 

(708) "Mobile radio service," Elec. Ind., vol. 5, pp. 84-85; April, 
1946. 

(709) "Detroit, Toledo and Ironton tests radio in Detroit," Railway 
Age, vol. 120, pp. 916-917; May 4, 1946. 

(710) "Bus radio central," Business Week, pp. 42, 44, 46; May 18, 
1946. 

(711) "Seaboard tests train radio warning signal," Railway Mech. 
Eng., vol. 120, pp. 278; May, 1946. 

(712) J. R. Brinkley, A method of increasing the range of v.h .f. com-
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Circuits 
In the field of analysis and synthesis of circuit net-

works there were comparatively few papers published 
in 1946 deserving of special mention. 
In connection with the design of delay lines, two pa-

pers were significant. One of these presented a new and 
useful mathematical approach pertinent to lines having 
a uniform ladder or quasi-ladder structure. The other 
discussed a design procedure yielding satisfactory delay 
lines of simple solenoidal structure. 

(740) M. J. E. Golay, "The ideal low-pass filter in the form of a dis: 
persionless lag line," PROC. I.R.E., vol. 34, pp. 138P-144P; 
March, 1946. 

(741) H. E. Kallmann, "Equalized delay lines," PROC. I.R.E., vol. 
34, pp. 646-657; September, 1946. 

The ordinary image-parameter theory of two-termi-
nal-pair networks is ill adapted to deal with the problem 
of optimizing for maximum power transfer, except in 
the restricted case of purely resistive image impedances. 
A paper was published which extended the image-
parameter theory so as to permit the consideration of 
conjugate matching and illustrated the results with sev-
eral appropriate examples: 

(742) S. Roberts, 'Conjugate-image impedances," PROC. I.R.E., vol. 
34, pp. 198P-204P; April, 1946. 

A discussion of the use of Tschebyscheff polynomials 
to produce optimum-response characteristics in the 
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synthesis of filter networks has been available in the 
technical literature for some time (for example, in the 
paper by S. Darlington entitled, "Synthesis of React-
ance 4-Poles," Jour. of Math. and Phys., vol. 18, pp. 
257-353; September, 1939). However, the value of these 
methods is apparently just beginning to be appreciated. 
Several papers were published during the year which 
discussed such methods in a way which may be of inter-
., est to those who previously have been unfamiliar with 

them. 

(743) P. I. Richards, "Universal optimum-response curves for arbi-
trarily coupled resonators," PROC. I.R.E., vol. 34, pp. 624-
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In the field of servomechanisms the effects of nonlin-
ear behavior received attention. A method of analysis 
offering some promise was discussed and applied in the 
following paper: 

(746) B. V. Bulgakov, "On the method of van der Pol and its applica. 
tion to nonlinear control problems," Jour. Frank. Inst., vol. 
241, pp. 31-54; January, 1946 

Facsimile 
During 1946 there was a marked renewal of interest 

in the possibility of a broadcast facsimile home news-
paper service. This field was opened up by a ruling by 
the Federal Communications Commission that fre-
quency-modulation broadcasting stations might trans-
mit facsimile programs when not being used for sound 
programs. Thus a high-quality transmission medium 
with good coverage was provided, whereas before the 
war the standard-band stations were only available 
after midnight and were particularly subject to trouble-
some fading in the marginal areas. There has also been 
a renewal of interest in facsimile methods for specialized 
communication services designed for police and forestry 
departments, railroads, etc. The need for industry 
standards has been recognized and preliminary agree-
ments reached in RMA Committees. 
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(752) T. Whiteside, "Ticker on every breakfast table," New Republic, 
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Facsimile equipment was used in conjunction with 
frequency-modulation radio in reporting the movement 
of ships in and out of New York harbor. Field trials 
were begun of a radio-facsimile method of expediting 
the delivery of telegrams. Telegrams were sent via radio 

from a centrally located office to a radio-equipped car 
cruising in a delivery area. In the car telegrams were 
recorded automatically at the rate of one per minute 
while deliveries were being made. 

(753) "How word comes from Sandy Hook," New York Times, June 
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(754) "Report on Boston conference on distribution," New York 
Times, October 16, 1946. 

(755) "Photo-electrix telefax sends facsimile," San Francisco Call-
Bulletin, November 20, 1946. 
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Circuits 
In the field of analysis and synthesis of circuit net-

works there were comparatively few papers published 
in 1946 deserving of special mention. 
In connection with the design of delay lines, two pa-

pers were significant. One of these presented a new and 
useful mathematical approach pertinent to lines having 
a uniform ladder or quasi-ladder structure. The other 
discussed a design procedure yielding satisfactory delay 
lines of simple solenoidal structure. 

(740) M. J. E. Golay, "The ideal low-pass filter in the form of a dis-
persionless lag line," PROC. I.R.E., vol. 34, pp. 138P-144P; 
March, 1946. 

(741) H. E. Kallmann, "Equalized delay lines," PROC. I.R.E., vol. 
34, pp. 646-657; September, 1946. 

The ordinary image-parameter theory of two-termi-
nal-pair networks is ill adapted to deal with the problem 
of optimizing for maximum power transfer, except in 
the restricted case of purely resistive image impedances. 
A paper was published which extended the image-
parameter theory so as to permit the consideration of 
conjugate matching and illustrated the results with sev-
eral appropriate examples: 

(742) S. Roberts, "Conjugate-image impedances," PROC. I.R.E., vol. 
34, pp. 198P-204P; April, 1946. 

A discussion of the use of Tschebyscheff polynomials 
to produce optimum-response characteristics in the 
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synthesis of filter networks has been available in the 
technical literature for some time (for example, in the 
paper by S. Darlington entitled, "Synthesis of React-
ance 4-Poles," Jour. of Math. and Phys., vol. 18, pp. 
257-353; September, 1939). However, the value of these 
methods is apparently just beginning to be appreciated. 
Several papers were published during the year which 
discussed such methods in a way which may be of inter-
est to those who previously have been unfamiliar with 
them. 
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In the field of servomechanisms the effects of nonlin-
ear behavior received attention. A method of analysis 
offering some promise was discussed and applied in the 
following paper: 

(746) B. V. Bulgakov, "On the method of van der Pol and its applica-
tion to nonlinear control problems," Jour. Frank. Inst., vol. 
241, pp. 31-54; January, 1946 

Facsimile 
During 1946 there was a marked renewal of interest 

in the possibility of a broadcast facsimile home news-
paper service. This field was opened up by a ruling by 
.the Federal Communications Commission that fre-
quency-modulation broadcasting stations might trans-
mit facsimile programs when not being used for sound 
programs. Thus a high-quality transmission medium 
with good coverage was provided, whereas before the 
war the standard-band stations were only available 
after midnight and were particularly subject to trouble-
some fading in the marginal areas. There has also been 
a renewal of interest in facsimile methods for specialized 
communication services designed for police and forestry 
departments, railroads, etc. The need for industry 
standards has been recognized and preliminary agree-
ments reached in RMA Committees. 

(747) D. Schulman, "Facsimile synchronizing methods," Electronics, 
vol. 19, pp.  131-133; March, 1946. 
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(752) T. Whiteside, "Ticker on every breakfast table," New Republic, 
vol. 115, pp. 293-294; September 9, 1946. 

Facsimile equipment was used in conjunction with 
frequency-modulation radio in reporting the movement 
of ships in and out of New York harbor. Field trials 
were begun of a radio-facsimile method of expediting 
the delivery of telegrams. Telegrams were sent via radio 

from a centrally located office to a radio-equipped car 
cruising in a delivery area. In the car telegrams were 
recorded automatically at the rate of one per minute 
while deliveries were being made. 

(753) "How word comes from Sandy Hook," New York Times, June 
13, 1946. 

(754) "Report on Boston conference on distribution," New York 
Times, October 16, 1946. 

(755) "Photo-electrix telefax sends facsimile," San Francisco Call-
Bulletin, November 20, 1946. 
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Phonograph Pickup Using Strain Gage — 

K. J. Germeshausen and R. S. John. (Elec. 
Ind., vol. 5, pp. 78-79, 120; November, 1946.) 
This uses the change in resistance of a carbon 
layer, which is elongated or compressed by the 
moving stylus. It is a simple, rugged device 
giving good performance. 

534.75  614 
The Threshold of Audition for Short Pc-. 

nods of Stimulation —J. W. Hughes. (Proc. 
Roy. Soc. B, vol. 133, pp. 486-490; December 
3, 1946.) The threshold of audition rises as the 
period of stimulation is decreased. The rela-
tionship between these two quantities is sim-
ilar to that found for other sensory mechanisms. 

534.851.001.4  615 
Disc Recording —H. A. Chinn. (Elec. Ind., 

vol. 5, pp. 64. 66; November, 1946.) Stresses 
the need for standard groove shape and for far 
wider co-operation between the makers of rec-
ords and of reproducers. 

534.851.6  616 
Recording Styli —I. L. Capps. (Elec. Ind., 

vol. 5, pp. 65, 67, 110; November, 1946.) Dis-
cusses the effect of stylus contour, cutting edge, 
and burnishing facet in lacquer disk recording. 

621.395.623.73:534.415  617 
Stroboscopic Study of Loud-Speaker Mem-

branes —J. Fasal. (Tonle la Radio, vol. 13, pp. 
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178-181; July-August, 1946.) An account of 
basic principles of the stroboscope and their 
special application to the study of the vibra-
tions of loudspeaker membranes. 

621.395.625:621.395.645  618 
40- Watt Beam-Power Amplifier for Disc 

Recording —J. K. Hilliard. (Communications, 
vol. 26, pp. 22-24; November, 1946.) The re-
sponse of the input is pre-equalized so that the 
highest frequencies recorded are emphasized 
greatly, and the amplifier is designed to main-
tain rated output up to these frequencies. 

621.395.625.3  619 
Signal and Noise Levels in Magnetic Tape 

Recording —D. E. Wooldridge (Trans. A.I.E. 
E. (Elec. Eng., June Supplement, 1946), vol. 
65. p. 495; June Supplement, 1946.) Discussion 
of 2804 of 1946. 

621.395.625.3  620 
A New Wire Recorder Head Design — 

T. H. Long. (Trans. A.I.E.E. (Elec. Eng., 
June Supplement, 1946) vol. 65. pp. 495-497; 
June Supplement, 1946.) Discussion of 2127 of 
1946. 

621.395.667  621 
Wide Range Tone Control —J. M. Hill. 

(Wireless World, vol. 52, pp. 422-423; Decem-
ber, 1946.) Description and diagram of a cir-
cuit suitable for tone correction at low-volume 
levels. 

621.396.615.029.3  622 
Low Cost Audio Oscillator —R. W. Ehrlich. 

(Radio News, vol. 36, pp. 50-51, 110; Novem-
ber, 1946.) Resistance-tuned, 100 to 25,000 
cycles. 

621.396.645.36.029.3  623 
Class-B Audio-Frequency Amplifiers —F. 

Butler. (Wireless Eng., vol. 24, pp. 14-19; 
January, 1947.) The distortion introduced by 
the variable grid input impedance into a con-
ventionally connected class-B amplifier is con-
sidered. By earthing the grid and injecting at 
the cathode, a very low but comparatively con-
stant input impedance is achieved. Although 
considerable excitation power is required, "a 
large proportion of this appears as useful out-
put." The design of a practical push-pull 
amplifier using cathode injection is outlined. 

AERIALS AND TRANS MISSION LINES 

621.314.214  624 
A Tuned-Line Matching Transformer — 

T. A. Gadwa. (QST, vol. 31, pp. 36-38; Janu-
ary, 1947.) Matching of an open-wire line to a 
close-spaced beam aerial, or other low imped-
ance. is effected by means of an adjustable 
capacitor in combination with short parallel 
lines for the inductance elements. Adjustment 
procedure is described. 

621.315.1.015.3 +621.316.98  625 
Study of Transient Voltages on Lines 

Struck by Lightning Protection by Lightning 
Arresters--(.. liodier. (Rev. Gen. Li m, vol. 55, 
pp. 199-215; May, 1946.) 

621.315.2:621.317.372  626 
End Leakage in Cable Power-Factor Meas-

urement —Rosen. (See 795.) 

621.315.2.015.532  627 
Detecting Corona in Cables — W. J. King. 

(Bell Lab. Rec., vol. 24, pp. 413-415; Novem-
ber, 1946.) As it forms, usually in air pockets be-
tween the conductor and its shield, corona 
produces an electrical disturbance which can be 
detected and amplified by the test equipment. 
Tests at reduced pressure are included for 
cables to be used at high altitudes in aircraft. 

621.315.21  628 
Propagation along a Cable having Resist-

ance and Capacitance only, these Parameters 
being Functions of Position and Satisfying Cer-
tain Relations —NI. Parodi. (Compt.  Rend. 
Sci. (Paris), vol. 221, pp. 257-259; September 
3, 1945.) An expression is derived, by means of 
the Laplace transformation, for the voltage 
distribution along the line, from which the 
current can be calculated. A similar method is 
applicable to a line having only inductance and 
capacitance. 

621.3151.211.2 +.22  629 
Mineral-Insulated Metal-Sheated Conduc-

tors—F. \V. Tomlinson and H. M. Wright. 
(Jour. I.E.E. (London), part I, vol. 93, pp. 
561-562; November, 1946.) Summary of 12 of 
February. 

621.319.7:621.392  630 
Some Applications of Field Plotting —E.O. 

Willoughby. (Jour. I.E.E. (London), part I. 
vol. 93, pp. 543-545; November, 1946.) Sum-
mary of 2814 of 1946. 

621.392+621.316.35.011.3  631 

Formulas for the Inductance of Coaxial 
Busses Comprised of Square Tubular Conduc-
tors —H.  P. Messinger and T. J. Higgins 
(Trans. A.I.E.E. (Elec. Eng.. June Supple-
ment, 1946), vol. 65, p. 501; June Supplement. 
1946.) Discussion of 2815 of 1946. 

621.392:621.317.784  632 
A Wide-Band Wattmeter for Wave Guide 

—Early. (See 813.) 

621.392:621.397.62  633 
The Choice of Transmission Lines for Con-

necting Television Receiving Aerials to Re-
ceivers —F. R. W. Strafford. ( Tech. Bull. Radio 
Component Mfrs'. Fed.. vol. 1, pp. 3-5; Novem-
ber, 1946.) Various possible types of transmis-
sion line are considered: the twin unscreened 
feeder with a pair of 'Fahnstock* terminal 
plugs is likely to be the most satisfactory for 
simple domestic-television aerial installations. 

621.392.012.8  634 
The Equivalent Circuit for a Plane Discon-
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tinuity in a Cylindrical Wave Guide—J. W. 
Miles. (Paoc. I.R.E. AND W AVES AND ELEC-
TRONS. vol. 34, pp. 728-742; October, 1946.) 
Equivalent circuits representing a plane dis-
continuity consisting of a function between two 
waveguides of arbitrary cross section are given 
and the values of the equivalent impedances 
enumerated. 

It is shown that in general the equivalent 
circuit takes the form of a T network, but that 
in many cases it reduces to an ideal transformer 
plus a shunt element. For discontinuities such 
as slots in guide walls it is shown that an equiv-
alent w network is a better representation. 

The theory is applied to a transverse wire. 
capacitive and inductive windows, and ca-
pacitive and inductive cross sections in a 
rectangular guide and approximate expres-
sions for the impedances are deduced. 

621.392.21  635 
Propagation along any Line whose Param-

eters. Functions of Space, Satisfy at All Points 
a Condition Analogous to that of Non-Distor-
tion—M. Parodi. (Rev. Gin. Elec., vol. 55, pp. 
414-415; October. 1946.) Extends the results of 
550 of 1946 (Colombo and Parodi). 

621.396.67  636 
A Folded Unipole Antenna for Emergency 

Communications —J. S. Brown. (Communica-
tions, vol. 26, pp. 18-20; November. 1946.) A 
quarter-wave system using vertical polariza-
tion, and having broad-band impedance char-
acteristics with  omnidirectional horizontal 
radiation pattern. Graphs are given for stand-
ing-wave ratio and aerial impedance over the 
frequency range 30 to 44 megacycles. 

621.396.67:621.396.712  637 
Postwar Broadcast Antenna Installation — 

D. W. Jeffries. (Communications, vol. 26. pp. 
11-13, 34; November, 1946.) Description of 
the construction and erection of a X/4 self-
supporting steel radiator for 1450 kilocycles 
using a 48-foot-by-48-foot square-mesh mat 
with 90 radial wires each X/4 long. Arrange-
• ments are described for obstruction lighting and 
for audio-frequency monitoring using ger-
manium crystal rectifiers. 

621.396.67.029.56/.58  638 
A Unique Five-Band Antenna System — 

J. A. McCullough. (QST, vol. 30. pp. 29-31, 
136; December, 1946.) Describes a novel 
means of using combinations of the supporting 
tower and four parallel dipoles (rotary) to cover 
all bands from 3.5 to 28 megacycles. 

621.396.67.029.58  639 
10-Meter Vertical Coaxial Antenna —C. V. 

Hays. (Radio News. vol. 36, pp. 88, 92; 
November, 1946.) Constructional details. 

621.396.67.029.58  640 
A Simple Rotatable Antenna for Two 

Bands—R. J. Long. (QST, vol. 31, pp. 22-24; 
January, 1947.) A two-element array for 14 
and 28 megacycles. 

621.396.67.029.64:621.396.931  641 
V.H.F. Antenna for Trains,— E. G. Hills. 

(Electronics, vol. 19, pp. 134-136; November, 
1946.) A top loaded, folded, vertically polar-
ized, monopole aerial (for 160 megacycles) con-
centrates radiation close to the ground in an 
omnidirectional pattern. The aerial is only five 
inches high, mechanically rugged, and has an 
input impedance of 50 ohms. Design tech-
niques are described. 

621.396.671:621.396.822  642 
Study of the Thermal Equilibrium of Wire-

less  Aerials--G.  Lehmann.  (Ann.  Tele-
commun., vol. 1, pp. 91-98; May-June, 1946.) 
The black-body radiation law is used to deter-
mine the intensity of the radio-frequency noise 
field in a uniform temperature enclosure. The 
noise electromotive force induced in a dipole 
corresponds to the value given by applying 

Nyquist's formula to the radiation resistance. 
The identity of the polar diagrams of any 
aerial for reception and for transmission is 
established. In practice extraterrestrial noise 
(from the galaxy and the sun) leads to rela-
tively high-aerial-noise temperatures at meter 
wavelengths. The relations between the aper-
ture. the beamwidth, and the gain of a direc-
tive aerial are deduced. The paper was first 
published in September, 1942, in Cahiers de 
Physique. See also 2122 of 1941 and 2699 of 
1946 (Burgess). 

621.396.677  643 
A High-Gain Two-Meter Rotary Beam — 

J. A. Kmosko. (QST, vol. 30, pp. 45-47; 
November, 1946.) A six-element broadside 
parasitic array with coaxial feed, which has a 
forward gain of 12 decibels, a front-to-back ra-
tio of 36 decibels and a beamwidth of ± 10 
degrees for half power. 

621.396.677  644 
Directional Patterns of Rhombic Antennae 

—VV. N. Christiansen. (A. W. A. Tech. Rev., 
vol. 7, pp. 33-51; September, 1946.) "Spatial 
directional patterns of typical rhombic anten-
nae are given. It is shown that a design which 
involves the application of the simple 'align-
ment' relation at the geometric mean of the 
frequency range is much superior at the higher 
frequencies to one in whiCh a wider aperture 
has been used to obtain higher output at this 
mean frequency. 

"A comparison with the pattern of a large 
tuned array shows the inferiority of a single 
rhombic antenna. Many of the prominent 
minor lobes seen in the directional pattern of 
the latter may be suppressed by the use of 
several rhombics in the form of an array. Vari-
ous simple designs are discussed and it is 
shown possible, particularly when the rhom-
bics are arranged in an interlaced 'end-fire' 
array, to produce over the whole working range 
of the rhombic a directional pattern which 
compares well with that of a large tuned array 
at its designed frequency." 

621.396.677.2  645 
Five are Better than Three. Some Experi-

ences With a Five-Element Rotary —W. W. 
Basden. (QST, vol. 30, pp. 32, 138; December, 
1946.) The five-element 28-megacycle beam at 
W5CXS is different from the usual three-
element beam in that director elements have 
been added 0.1 wavelength above and below 
the normal director. Delta match feed was used 
and the line is tapped on the radiator 13 inches 
each side of the center. 

621.396.679.4  646 
Dipole with Unbalanced Feeder —D. A. 

Bell. (Wireless Eng.. vol. 24. pp. 3-5; January, 
1947.) A short account of the effect of pickup 
on the concentric downlead from a directly 
connected dipole receiving aerial. The equiva-
lent circuit of such an aerial arrangement is dis-
cussed and the function of a quarter-wave bal-
ancing sleeve is considered. An example is 
given showing the•distortion of the polar dia-
gram of an array produced by feeder-lead pick-
up. 

621.396.931/.9331.22.029.62 
Radio Direction Finding at 

Wavelengths—Yuan. (See 732.) 

CIRCUITS AND CIRCUIT ELEMENTS 

621.314.26  648 
Mechanism of Frequency Changing —L. 

Chretien. (Toute la Radio, vol. 13. pp. 76-78 
and 104-106; March-April and May. 1946.) 
Criticizes existing theories of the behavior of 
frequency-changing circuits and puts forward 
a new theory based on the stroboscopic effect. 

621.315.59+621.316.89  649 
Properties and Uses of Thermistors — 

Thermally Sensitive Resistors —Becker, Green, 
and Pearson. (See 765.) 

647 
1.67—Meter 

621.317.432  650 
Energy Dissipated by Eddy Currents in a 

Thin Ferromagnetic Disk Normal to the Field 
— G. Ribaud. (Compt. Rend. Acad. Sci. (Paris), 
vol. 222, pp. 726-727; March 25, 1946.) For-
mulas have previously been given (3811 of 1944) 
for the energy dissipated by eddy currents in a 
thin nonmagnetic disk. The difference in the 
case of a magnetic material results essentially 
from magnetic charges on the faces of the disk 
which produce a uniform demagnetizing field. 
which is added to that due to the eddy cur-
rents. The ratio of the energy dissipated in a 
magnetic disk to that in a nonmagnetic disk of 
the same resistivity, has a maximum value of 
r/4e when µ=r2/e, µ being the permeability. 
the skin thickness and r the distance from the 
axis. The energy-dissipation formulas given are 
only valid when the thickness of the disk is 
more than 2 or 3 times the skin thickness. 

621.318.423.012.3  651 
Mutual Inductance of Concentric Coils — 

T. C. Blow. (Electronics, vol. 19, p. 138; No-
vember, 1946.) A nomogram for calculating 
mutual inductance between two concentric 
single-layer air-core solenoids with greater 
length than diameter. 

621.318.7  652 
Tchebycheff Polynomials and the Theory 

of Electric Filters —A. Colombani. (Comp:. 
Rend. Acad. Sci. (Paris), vol. 222, pp. 1278-
1280; May 27, 1946.) The successive intensi-
ties in a filter of n cells are shown to depend on 
polynomials which satisfy Tchebyclieff's equa-
tion. The particular solution applicable to the 
filter enables a simple formula for the intensi-
ties to be derived. 

621.319.4  653 
Modern Capacitors —R. Beason. (Toute la 

Radio, vol. 13, pp. 139-142; June. 1946.) Dis-
cusses the temperature, loss, and other char-
acteristics of electrolytic capacitors, capacitors 
with paper dielectric, and those using silvered 
mica or ceramic material. 

621.319.4:621.315.614.6  654 
Paper Capacitors Containing Chlorinated 

Impregnants —Mechanism of Stabilization — 
L. Egerton and D. A. McLean. (Bell Sys. 
Tech. Jour., vol. 25, pp. 652-653; October, 
1946.) Barrier films are formed on the elec-
trodes which reduce the catalytic decomposi-
tion of the chlorinated impregnant of the elec-
trode metal, prevent attack of the electrodes by 
liberated hydrogen chloride, and hinder elec. 
tiolytic action. Abstracted from Indus. and 
Eng. Chem., May, 1946. For part 3 of this 
article, see 655 below. 

621.319.4:615.315.614.6 655 
Paper Capacitors Containing Chlorinated 

Impregnants: Part 3—Effects of Sulfur—D. A. 
McLean, L. Egerton, and C. C. Houtz. (Indus. 
and Eng. Chem., vol. 38. pp. 1110-1116; No-
vember, 1946.) Sulphur is an effective stabilizer 
with both tin and aluminium electrodes, and 
improves the power factors especially with thin 
foil electrodes. Previous findings confirmed by 
the tests are: the importance of all parts of the 
capacitor, the superiorities of kraft paper over 
linen, and the widely different behaviors of 
capacitors with different electrode metals. For 
an earlier part in this series, see 654 above. 

621.392  656 
Analysis of Linear Sweet Generator—E. L. 

Langbergh. (Electronics. vol. 19. pp. 194, 198; 
November, 1946.) A theoretical analysis of a 
time base circuit consisting of a capacitor 
which charges in series with a tube having nega-
tive-current feedback. The degree of nonlinear-
ity depends on tube characteristics and on the 
charging rate of the capacitor. Details of a 
practical laboratory circuit are given using a 
high µ pentode as the charging tube and a gas-
filled triode as the discharging device. 



428  PROCEEDINGS OF THE I.R.E. — Waves and Electrons Section April 

621.392  657 
The Transfer Impedance of Recurrent II 

and T Networks —J. B. Rudd. (A. W. A. Tech. 
Rev., vol. 7, pp. 79-87; September, 1946.) The 
transfer impedances are derived for chains of 
up to six sections of symmetrical LI and T net-
works terminated in equal resistances. Where 
the product of the impedance values of the 
arms of the H and T sections is equal to the 
square of the terminating resistance, the cir-
cuits have identical transfer impedances. 

621.392:621.385.832  658 
Design of Cathode-Ray Tube Circuits — 

W. Knoop. (QST. vol. 30. pp. 45-50. 160; 
December. 1946.) The operation of a cathode-
ray tube, and methods of using it in designing 
power supply and control circuits are explained. 

621.392:621.396.615  659 
The Design of Parallel-T Networks for 

R-C Oscillators —L. E. V. Lynch and D. S. 
Robertson. (A. W. A. Tech. Rev., vol. 7. pp. 
7-25; September, 1946.) "  . the theory of 
unbalanced parallel- T networks is developed 
and the application to resistance-capacitance 
oscillators is discussed. Curves are given to 
facilitate the design of such oscillators, to-
gether with a typical oscillator circuit showing 
a new method of applying automatic gain con-
trol to the associated amplifier." 

621.392.5  660 
Theory of the 'Enclosed' (encadre) Linear 

Quadripole —P. Grassot. (Rev. Gin. glee, vol. 
55, pp. 443-448; November, 1946.) The term 
1quadripeole encadre' is used for a quadripole 
interposed between a source and a dipole re-
ceiver. General considerations are applied to a 
discussion of the case of a nondissipative en-
closed quadripole consisting of pure resistances, 
leading to the formulation of three theorems. 
Examples are given of their application. The 
results may also be applied to telephone trans-
formers, tuned transformers, filters, lines, etc. 

621.392.52  661 
Rigorous Formula for the Attenuation Con-

stant of a Filter—P. INIarie. (Compl. Rend, 
Acad. Sri. (Paris). vol. 222, pp. 869-870; April 
8, 1946.) A rigorous formula is derived for the 
attenuation ratio produced by a filter made up 
of (n-1) quadripoles. of iterative impedances 
Z. and Z., when the filter is terminated by an 
impedance Z. and the source presents an in-
ternal impedance Zo. 

621.392.52.015.33  662 
Transient Response of Filters—E.  T. 

Emms. (Wireless Eng., vol. 24. pp. 27-28; 
January. 1947.) Comment on 48 of February 
(Eaglesfield) and 1188 of 1946 (Tucker). It is 
shown "that if the wave cos 6;0.1 is put into 
a band-pass network then the envelope of the 
output wave is exactly the same as the output 
wave obtained when unit step is placed into the 
low-pass analogue." 

621.394/.3971.645  663 
Cathode Follower of Very-Low-Output Re-

sistance—(Electronics. vol. 19, pp. 206, 210; 
November, 1946.) Abstract of a report by 
C. M. Hammack of the Radiation Laboratory 
of the Massachusetts Institute of Technology. 
A two-stage cathode follower is described hav-
ing the normal cathode-load resistance of the 
first stage replaced by a second tube. The out-
put conductance is shown to be increased by a 
factor µ over the conventional circuit. The re-
sponse to pulses is also greatly improved. 

621.395.667  664 
Design of Constant Impedance Equalizers 

—A. W. J. Edwards. (Wireless Eng., vol. 24. PP. 
8-14; January, 1947.) "Some useful properties 
of inverse networks (as used in line equaliza-
tion) are deduced and applied to the develop-
ment of simple practical design procedures in-
volving no calculations when suitable test 
equipment is available." 

621.396.61.015.33  665 
Calculation of the Minimum Pass Band of 

a Pulse Transmission System —J. Laplume. 
(Ann. Radioilect., vol. 1, pp. 327-332; April-
July. 1946.) The rate of rise of the output po-
tention from a transmission system when a 
Heaviside pulse is applied to the input may be 
increased by improving the high-frequency re-
sponse of the system. The output then has an 
oscillatory form. 
Transmission systems which distort the ap-

plied pulses in the same way have sensibly 
identical response curves and it is therefore pos-
sible to define mathematically an output-signal 
type and deduce the response curve which pro-
duces this signal from the input pulse. The 
pass band of such a system is worked out in 
terms of two characteristics of the output 
pulse, namely, amplitude of the first oscilla-
tion and a quantity measured from the steeply 
rising part of the potential-time curve of the 
pulse. 

621.396.611  666 
Increment Features on Variable Oscil-

lators —A. R. A. Rendall. (Electronic Eng.. vol. 
18, p. 350; November, 1946.) The freqency of 
an oscillator can be expressed in the form 
fo=irRC. By connecting in series with the 
main variable capacitor C a fixed capacitor 
C1, the new frequency will be /I (C+Ci)/ 
2TRCCI, so that the increment of frequency is 
1/2vRCI, which is independent of C. 

621.396.611  667 
Stability and Frequency Pullings of Loaded 

Unstabilized Oscillators —J. R. Ford and N. I. 
Korman. (Paoc. I.R.E. AND W AVES AND ELEC-
-ntoNs, vol. 34, pp. 794-799; October, 1946.) 
"Conditions are established under which the 
frequency of a loaded unstabilized oscillator 
will not jump discontinuously as the load 
susceptance is changed. Frequency-pulling 
equations and stability criteria are established 
for an oscillator coupled to a resistive load 
through a pair of coupled resonant circuits." 

621.396.611:621.396.615.18  668 
The Inductance-Capacitance Oscillator as a 

Frequency Divider—Norrman. (See 817.) 

621.396.611.1+531.12  669 
Calculation of the Natural Frequencies of 

Nonlinear Systems—H. Jounin. (Comps. Rend. 
Acad. Sci. (Paris). vol. 222. pp. 1203-1205; 
May 20, 1946.) The method of approximation 
for quasilinear systems proposed by Kryloff and 
Bogolouboff in their "Introduction to Non-
linear Mechanics," is applied to the case of a 
certain class of isochronous oscillators to obtain 
a simple formula. 

621.396.611.1  670 
Constant Current Circuits—O. T. Fundings-

land and G. J. Wheeler. (Electronics. vol. 19. 
pp. 130-133; November. 1946.) "Exponential 
circuits can be made to carry more nearly con-
stant current for longer times if corrective net-
works are used. Design equations and actions 
of these circuits are derived, and their advan-
tages in magnetron pulse circuits are illustrated 
by a numerical example." 

621.396.611.3.015.33  671 
Transient Response of V.F. IVideo Fre-

quency] Couplings—W. E. Thomson. (Wireless 
Eng., vol. 24, pp. 20-27; January, 1947.) 
"Formulas and curves are given for the re-
sponse to the Heaviside unit function of a 
single [frequency-compensated] resistance- cap-
acitance coupled stage. . . . The analysis of the 
low-frequency response deals mainly with the 
compensation of grid coupling by anode de-
coupling ...." For high-frequency compen-
sation the case in which a reactance is inserted 
in series with the load resistor is analyzed. 
critical damping being assumed. 

621.396.615.11  672 
A Resistance-Capacitance Beat-Frequency 

Oscillator —D. S. Robertson and L. C. Nye. 
(A. W. A. Tech. Rev., vol. 7, pp. 27-31; Sep-
tember, 1946.) Accuracies of ±2 cycles from 
20 to 200 cycles and of 1 per cent from 200 to 
5000 cycles, and high stability with respect to 
temperature and supply-voltage variations are 
claimed. The unit is light and suitable for use 
in aircraft, and may be operated from a 120- or 
240-volt, 50- to 800-cycle supply. 

621.396.615.142  673 
Reflex Oscillators —J. R. Pierce. (Elec-

tronic Eng., vol. 18, pp. 345-346; November, 
1946.) Summary of paper noted in 3530 of 
1945. 

621.396.615.17: 621.396.96  674 
Coil Pulsers for Radar —E. Peterson. (Bell 

Sys. Tech. Jour., vol. 25. pp. 603-615; October, 
1946.) A method of generating regularly 
spaced, sharply peaked pulses of high power for 
modulating high-frequency generators by mak-
ing use of the variation of reactance with cur-
rent of a mqlybdenum permalloy-cored coil. 
Pulse widths were obtained from 0.2 to over 1 
microsecond, peak powers from 100 to 1000 
kilowatts. and pulsing rates from 400 to 3600 
pulses per second. 
The principles of operation of a low-power 

coil pulser working from an alternating-current 
input and of a high-power apparatus for direct-
current operation are described. 

621.396.619.23  675 
A 15- Watt Modulator for Low-Power Work 

— B. H. Geyer, Jr. (QS T, vol. 31, pp. 28. 104; 
January. 1947.) Uses a cathode-follower type 
of driver with resistance coupling. 

621.396.62.029.64  676 
Components of U.H.F. Field 'Strength] 

Meters—Karplus. (See 819, 

621.396.645  677 
Oscillation Conditions in Single Tuned 

Amplifiers—NV. R. Faust and 11. M. Beck. 
(Jour. Appi. Phys., vol. 17, pp. 749-756; 
September. 1946.) The gain of a tuned ampli-
fier of n similar stages is calculated. A certain 
minimum grid-to-plate capacitance is required 
to cause oscillation. There also exists a region of 
stable gain, zero to 21s" (approximately) within 
which no oscillation will occur however large 
the grid-to-plate capacitance. 

621.396.645  678 
Design of Broad Band I.F. Amplifier: Part 

2—R. F. Baum. (Jour. A ppl. Phys.. vol. 17, pp. 
721-730; September, 1946.) The mathematical 
analysis for broad-band amplifiers of the stag-
ger-tuned type is given. The resonant fre-
quencies of the tuned circuits are assumed to 
be arranged in pairs so that the geometric 
mean of each pair is the midband frequency, 
and the two circuits of each pair have equal Q. 
An exact solution is possible for either a 
monotonic or oscillatory response but the latter 
is shown to be preferable because for a given 
response characteristic (i.e., a given gain toler-
ance within the pass band and given minimum 
attenuation outside it) the oscillatory type re-
quires fewer stages. For part 1. see 3223 of 
1946. 

621.396.645.35  679 
A D.C.Amplifier Using a Modulated Carrier 

System —R. A. Lampitt. (Electronic Eng., vol. 
18. pp. 347-350; November. 1946.) Many of 
the difficulties which occur with a standard 
direct-current amplifier are overcome by using 
the signal to be amplified for modulation of a 
20-kilocycle amplifier in a linear mode. Any ad-
ditional amplification may then be carried out 
by an ordinary alternating-current amplifier at 
20 kilocycln. The alternating-current output 
is rectified so that the resulting direct-current 
component is a replica of the original input. 
The amplifier described has an over-all gain of 
100.000. 
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1521.396.692.012.3  680 
'  Parallel Standard Resistors —A. K. \V. 
W ireless World, vol. 52, p. 396; December, 
61946.) A table is given for finding the value of 
parallel combinations of standard resistors. 

1621.397.645  081 
Video Amplifier H.F. Response: Part 3— 

(Wireless World. vol. 52, pp. 413-414; Decem-
ber, 1946.) For parts 1 and 2 see 61 and 62 of 
February. The circuits there described are corn-
bined to form a single coupling having two cor-
, recting inductances; this considerably im-
proves performance. 

621.398  682 
Continuously Variable Radio Remote Con-

trol —D. W. Moore, Jr. (Electronics, vol. 19, 
pp. 110-113; November, 1946.) "Phase-shift-
ing properties of a resonant circuit provide 
automatic self-adjustment of a radio control 
system. Guided missiles, aircraft, satellite 
transmitters, and telemetering systems can be 
radio controlled by the stepless positioning pro-
vided." 

621.3.011.3  683 
Introduction an calcul des inductances 

• [Book Reviewl—M. Romanowski. Gauthier-
Villars. Paris, 114 pp. (Rev. Gin. ELM, vol. 55, 
p. 172; May, 1946.) The calculation falls into 
two stages: (1) application of Maxwell's equa-
tions and of the energy laws of linear circuits; 
and (2) integration leading to energy formulas 
for the whole conductor. The second stage is 
more particularly concerned in this case. 
Mathematical difficulties preclude exact solu-
tions except in the simplest cases. 

621.319.4:621.396.69(02)  684 
Capacitors —Their Use in Electronic Cir-

cuits [Book Reviewl —M. Brotherton. D. Van 
Nostrand Co., Inc., New York, N. Y., 1946, 
170 pp., $3.00. (Gen. Elec. Rev., vol. 49, pp. 
66-67; November, 1946.) 

GENERAL PHYSICS 

! 530.13:530.12  685 
Comments on "A Relativistic Misconcep-

tion" —M. E. Deutsch: V. P. Barton: A. J. 
O'Leary (Science, vol. 104, pp. 400-401; Octo-
ber 25, 1946.) The original article was ab-
stracted in 388 of March (Eddy). 

530.145  686 
New Developments in Relativistic Quantum 

Theory—C. MOIler. (Nature (London), vol. 
158, pp. 403-406; September 21, 1946.) 

530.145:538.3  687 
Quantum Mechanics of Fields: Part 3— 

Electromagnetic Field and Electron Field in 
Interaction —M. Born and H. W. Peng. (Proc. 
Roy. Soc. Edinb. A, vol. 62, part 2, pp. 127-
137; 1944 to 1946.) For parts 1 and 2, see 236 of 
1945. 

534.1+535.13] Huyghens  688 
On Huyghens' Principle —Rocard. (See 

845.) 

535.1  689 
Waves of Ordinary Light are Propagated 

as if the Luminous Vector were Divergent; 
Consequences for Physical Optics—A. Foix. 
(Comp!. Rend. Acad. Sci. (Paris). vol. 222, pp. 
180-181; January 14, 1946.) 

535.13  690 
Mechanical  Explanation  of  Maxwell's 

Equations—D. Riabouchinsky. (Compt. Rend. 
Acad. Sci. (Paris). vol. 221, pp. 391-394; Octo-
ber 8, 1945.) Treatment of Maxwell's equations 
establishes a univocal and reciprocal corre-
spondence between all the elements of gas-
dynamic and electromagnetic fields. 

432-434; October 15, 1945.) A system of equa-
tions is derived for fluid motion analogous to 
Maxwell's equations. Continuation of 690 

above. 

535.312  692 
Optical Properties of Thin Metallic [Non-

magnetic] Liminae—F. Scandone and L. Bal-
lerini. (NUOVO CiM., vol. 3, pp. 81-115; April 1, 
1946.) (In Italian with English summary.) 
Drude's method involving a complex refractive 
index is applied to derive the classical Fresnel 
relations and explicit formulas for the intensity 
and phase relations of the reflected and trans-
mitted energy are obtained. 

535.333 : [546.212+ 546.212.02  693 
Water Spectrum Near One-Centimeter 

Wave-Length—C. H. Townes and F. R. Mer-
ritt. (Phys. Rev., vol. 70, pp. 558-559; October 
1-15, 1946.) The spectral lines of H20 and of 
mixtures of 1120 and D20 have been measured 
at pressures near 0.1 millimeter of mercury 
using an oscillator whose frequency can be 
swept across the lines. The frequencies, inten-
sities, and widths of the lines agree with previ-
ous measurements at atmospheric pressure 
within experimental error. 

535.736.1+771.53+621.397.611.2  694 
A Unified Approach to the Performance of 

Photographic Film, Television Pickup Tubes, 
and the Human Eye —Rose. (See 918.) 

536.73  695 
Derivation, Interpretation, and Appplica-

tion of the Second Law of Thermodynamics — 
P. G. Nutting. (Science, vol. 104, pp. 317-318; 
October 4, 1946.) The second law is "here de-
rived as a by-product of Gibbs's masterful gen-
eral treatment, but apparently neither Gibbs 
nor any of his followers ever noted it." 

537+5381.081.5  696 
Simplification of the Dimensional Equa-

tions of Electric and Magnetic Quantities — 
M. Tarbouriech. (Rev. Gin.  lec., vol. 55, pp. 
151-155; April, 1946.) Tables are given showing 
the further simplification of the dimensional 
system of Brylinski (4023 of 1944) (a) when Q is 
replaced by IT and LT_1 by V in the equations 
involving I, L, and T, and (b) when the quan-
tities involved are R, I. T. and L. The advan-
tages of the latter system are enumerated. 

537.291  697 
Graphical Determination of Electron Tra-

jectories in a Given Electric Field —R. M usson-
Genon. (Camp!. Rend. Acad. Sci. (Paris), vol. 
222, pp. 858-860; April 8, 1946.) The deter-
mination of planar electron trajectories, when 
the potential is known, is affected generally by 
a graphical construction analogous to Huygh-
ens' method in optics. The accuracy normally 
achieved by this method is discussed, and a 
method of correction indicated which increases 

535.13  691 
Dynamics of the Ether —D. Riabouchinsky. 

(Comfit Rend. A cad. Sci. (Paris), vol. 221, pp. 

it. 

537.311.33  698 
Relation Between the Constant A and the 

Thermal Activation Energy t in the Conductiv-
ity Law of Semiconductors —G. Busch. (Hely. 
Phys. Ado, vol. 19, pp. 189-198; May 31, 
1946.) Wilson's theory of excess semiconductors 
is extended assuming that the location of the 
electron distribution centers in the energy 
scheme Is not given by a discrete value AB of 
the thermal activation energy e, but by a region 
of finite breadth. For the conductivity a two 
temperature regions exist in which log a is a 
linear function of the reciprocal of the absolute 
temperature. the two slopes being different. 
Application of the theory of lattice defects in 
crystals to the semiconductor problem shows 
the empirical relation log A. -1-13e between 
the constant A and the thermal activation en-
ergy e to be exactly valid. 

Discharge —A. Zingerman and N. Nikolaev-
skaya. (Zh. Eksp. Teor. Fix.. vol. 16, no. 6, pp. 
499-502;1946.) (In Russian.) Photographs were 
taken of incomplete discharges between two 
spheres separated by distances of several hun-
dred millimeters. Impulse voltages up to 3 
megavolts were applied to the spheres. It ap-
pears from these photographs that the dis-
charge channel is not formed by the movement 
from the cathode to the anode of a single 'elec-
tron avalanche' but consists of several merging 
streams. The speed of the growth of the 'elec-
tron avalanche' is discussed and two typical 
photographs are shown. 

537.523.4  700 
Phenomena of Voltage Recovery in V.H.F. 

Sparks—S. Teszner. (Comps. Rend. Acad. Sci. 
(Paris), vol. 221, pp. 373-375; October 1, 1945.) 
The phenomena are explained on the assump-
tion that thermionic emission from the elec-
trodes can be neglected in practice. 

537.533.74  701 
Reaction of Radiation on Electron Scat-

tering and Heitler's Theory of Radiation 
Damping —H. A. Bethe and J. R. Oppen-
heimer. (Phys. Rev.. vol. 70, pp. 451-459; 
October 1-15, 1946.) 

537.565  702 
The Mobility and Diffusion of Ions —E. 

Montel. (Compt. Rend. Acad. Sci. (Paris), vol. 
222, pp. 873-875; April 8, 1946.) If I is the cur-
rent varying with period I represented by iden-
tical ions, of mobility k, introduced into a plane 
capacitor at the level of one of the plates, i the 
current collected by the other plate when a con-
stant potential drop V =ha is maintained be-
tween the armatures, a being their distance 
apart, then neglecting diffusion and supposing 
the space density is small enough to produce no 
deformation of the field, i has a zero minimum 
value every time the wavelength khT/nt of the 
harmonic of order m is contained an integral 
number of times in a. When account is taken of 
ionic diffusion it is shown that the effect on the 
position of these minima is completely negli-
gible and so cannot influence values of k de-
termined from them. 

538.23+538.541  703 
Simple Relation Between the Energies Dis-

sipated by Hysteresis and Eddy Currents in a 
Solid of Revolution—G. Ribaud. (Compt. Rend. 
Acad. Sci. (Paris), vol. 222, pp. 788-789; April 
1, 1946.) Calculations of the energy dissipation 
are made for different solids of revolution, as-
suming that the frequency is high enough for 
the skin thickness to be small and the field 
weak enough for the permeability to be con-
sidered constant. In all cases it is found that the 
ratio of hysteresis loss to that due to eddy cur-
rents is the same and equal to 1hr of the area of 
the B, H cycle for H=1. 

538.3  704 
The Interpretation of Maxwell's Equations 

—L. Bouthillon. (Comp!. Rend. Acad. Sci. 
(Paris), vol. 222, pp. 871-873; April 8, 1946.) 
It is shown that Maxwell's equations can be 
written in the form: 

537.52  699 
On the Mechanism of the Progress of a 

ail _ _ 
— IvDI —  +  [vs] - 

a,  at 
4r 
— 
k. 

47r  a2 

at 
_  4r 

(VII) =   

Thus each term in the equations on the left has 
its counterpart in those on the right.  the 
magnetic induction, corresponds to j5. the elec-
tric induction, and vice versa;ij, the intensity 
of the magnetic field, to E, the intensity of 
the electric field; j the intensity of the magnetic 
current, to 1, that of the electric current, and 
the magnetic charge, to p, the electric charge. 

Written in this way. Maxwell's equations have 
maximum symmetry. 
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538.566.2+534.222.1  705 
Propagation of Radiation in a Medium with 

Random  Inhomogeneities -Bergmann.  (See 
847.) 

538.691:513.738  706 
Geometrical Characterizations of Some 

Familites of Dynamic Trajectories-L. A. 
MacColl. (Bell Sys. Tech. Jour., vol. 25, P. 653; 
October, 1946.) A solution of the problem of 
"obtaining a set of geometrical properties which 
shall completely characterize the 5-parameter 
family of trajectories of an electrified particle 
moving in an arbitrary static magnetic field." 
Abstracted from Amer. Math. Soc. Trans., July. 
1946. 

539.133  707 
A New Method of Measuring the Electric 

Dipole Moment and Moment of Inertia of Di-
atomic  Polar  Molecules  11.  K.  Hughes. 
(Phys. Rev., vol. 70, pp. 570-571; October 1-15, 
1946.) Preliminary results of experiments on 
the behavior of molecules subjected simultane-
ously to a steady homogeneous electric field and 
an oscillating electric field mutually at right 
angles. 

539.15  708 
Nuclear Magnetic Resonance and Spin 

Lattice Equilibrium-B. V. Rollin. (Nature 
(London). vol. 158, pp. 669-670; November 9, 
1946.) Measurement of radio-frequency ab-
sorption of a material in a magnetic field gives 
the time for establishment of thermal equilib-
rium between the spin system and the lattice. 
Measurable absorptions have been observed so 
far only with substances containing protons or 
fluorine nuclei. 

539.152.1  709 
The Principles of Nuclear Physics-L. 

Bloch. (Rev. Gen. Elec.. vol. 55, pp. 31-35; 
January. 1946.) 

539.168.08  710 
An Arrangement with Small Solid Angle for 

Measurement of Beta Rays-L. F. Curtiss and 
B. W. Brown. (Jour. Res. Nat.. Bur. Mord., 
vol. 37, pp. 91-94; August, 1946.) 

539.23  711 
[Optical] Anti-Reflexion and High-Reflex-

ion Films -S. Weintroub. (Nature (London), 
vol. 158. p. 422; September 21. 1946.) De-
scribes some of the properties of single-layer 
films of high refractive index and optical thick-
ness  of the mean wavelength of the incident 
light, and of multilayer films of alternately low. 
and high-refractive index. 

541.133  712 
On the Conductivity of Strong Electrolytes 

-S. G. Chaudhury. (Jour. Phys. Chem.. vol. 
50. pp. 477-485; November. 1946.) An equa-
tion relating conductivity and concentration, 
derived by Onsager and modified by Shedlov-
sky, neglects "the effect of the change in the 
concentrations of ions near the electrode sur-
face (during the time the current is on) from 
those in the bulk on the conductivities or 
mobilities of ions." This effect is considered 
and an equation for the conductivity deduced. 

541.135  713 
Research on the Mechanism of Electroly-

sis. Study of the Energy Transfer Coefficients 
- M. Bonnemay. (Compt. Rend. Acad. Sci. 
(Paris), vol. 222, pp. 793-795; April 1, 1946.) 

546.3316+546.171.1161-16:621.3.02  714 
Persistent Currents in Frozen Metal-Am-

monia Solutions -J. W. Hodgins. (Phys. Rev.. 
vol. 70. p. 568; October 1-15, 1946.) Persistent 
currents up to 0.1 ampere lasting for as much 
as 30 seconds have been detected in frozen rings 
of sodium solutions in liquid ammonia. Cur-
rents were detected by means of a search coil 
and ballistic galvanometer. The presence of 
persistent currents appeared to depend criti-
cally on the temperature cycle involved. 

621.385.1.016.4.029.5  715 
Production of High-Frequency Energy by 

an Ionized Gas -P. C. Thonemann and R. B. 
King. (Nature (London), vol. 158, p. 414; 
September 21, 1946.) By coupling a coaxial 
line into a discharge tube near the anode and 
suitably adjusting an external bar magnet. an 
output corresponding to 3 millivolts could be 
obtained at the output of a 1000-megacycle 
superheterodyne receiver of a 4-megacycle 
bandwidth. No input was observed in the 
cathode region or in the absence of the magnet. 

GEOPHYSICAL AND EXTRATERRES-
TRIAL PHENOMENA 

523.72.029.62  716 

Temperature Radiation from the Quiet Sun 
in the Radio Spectrum-D. F. hiart yn. ( Na-
ture (London). vol. 158, pp. 632-633; Novem-
ber 2, 1946.) The undisturbed sun can be con-
sidered as a radiator having maximum effective 
temperature of the order of 10° degrees Kelvin 
at about X 1m. For X < 1m the radiation 
emendates from the cooler chromosphere. 
while for X> Ins the corona tends to behave as a 
reflector. The temperatures observed are con-
sistent with Edlen's estimate of 10° degrees for 
the coronal temperature. It is predicted that 
for X> 1m there should be a progressive reduc-
tion of brightness as the limb is approached, 
but at wavelengths below 60 centimeters there 
should be a limb brightening (Fig. 2). The ef-
fect of the solar magnetic field is illustrated in 
Fig. 1 where the estimated effective tempera-
ture wavelength distribution for both ordinary 
and extraordinary radiation is shown. 

523.72.029.62  717 
Observation of Million Degree Thermal 

Radiation from the Sun at a Wavelength of 1.5 
Metres-J. L. Pawsey. („Vature (London). vol. 
155, pp. 633-634; November 2, 1946.) Daily 
measurements of solar noise over a period of 6 
months on the wavelength of 1.5 meters con-
firm Nlartyn's predictions of thermal radiation 
at temperatures of the order of 10° degrees 
Kelvin (see 716). Histograms of the results 
show a sharp cutoff at a lower limit correspond-
ing to 0.6 to 1.2 X 10° degrees; the skewness of 
the curve at high intensities may be explained 
by variable additional radiation associated 
with sunspots. 

537.591  718 
Momentum Spectrum of Mesons at Sea-

Level-J. G. Wilson. (Nature (London). vol. 
158, pp. 414-415; September 21, 1946.) 

537.591  719 
Observation of Protons of Great Energy in 

the Penetrating Part of Cosmic Radiation-
L. Leprince-Ringuet. M. Lheritier and R. 
Richard-Foy.  (Conspl.  Rend.  Acad.  Sci. 
(Paris), vol. 221. pp. 406-407; October 8, 1945.) 

537.591: (546.621+546.815  720 
A Comparison of the Stopping Power of 

Lead and Aluminum for Cosmic-Ray Meso-
trons-E. Fein. (Phys. Rev., vol. 70. p. 567; 
October 15. 1946.) 

537.591:550.385  721 
Changes in Cosmic Ray Intensity Associ-

ated  with  Magnetic  Storms-H.  Alfven. 
(Nature (London), vol. 158, pp. 618-619; 
November 2, 1946.) These may be due to 
changes in the earth's electrostatic potential 
caused by differences in potential between the 
two sides of the ion stream emitted by the sun 
at the time of a storm. This potential differ-
ence may amount to 50 megavolts and is due to 
motion of the ion stream in the sun's magnetic 
field. 

537.591.1  722 
Observation of Remarkable Particles Other 

than Protons in the Penetrating Part of Cosmic 
Radiation-L, Leprince-Ringuet, M. Llieri-

tier, and R. Richard-Foy. (Comp:. Rend. 
Acad. Sci. (Paris), vol. 221, pp. 465-467; 
October 22. 1945.) Trajectories observed in a 
large Wilson chamber differ from those due to 
protons or mesons. A particle intermediate be-
tween the two would explain satisfactorily the 
observed results, which are compatible with 
the emission of a neutral meson. 

538.71.087  723 
Monitor for Magnetic Storms -A. Dauvil-

lier. (Compt. Rend. Acad. Sci. (Paris). vol. 222. 
pp. 1380-1381; June 12. 1946.) Describes ap-
paratus installed at the Pic du Midi observa-
tory to give audible warning of large variations 
of the horizontal component of the earth's 
magnetic field. 

550.38(44)"00/04"  724 
Intensity of the Terrestrial Magnetic Field 

in France in the  Gallo-Roman Period-
E. Thellier and 0. Thellier. (Comp!. Rend. 
Acad. Sci. (Paris), vol. 222, pp. 905-907; April 
8. 1946.) Measurements on samples from the 
Frejus amphitheater and the Cluny thermal 
baths have given mean values of 0.66 and 0.71 
gauss, respectively, for the earth's field in an-
cient times. These results are discussed. 

550.385" 1946.03.28  725 
Exceptional Magnetic Disturbance of 28th 

March 1946-G. Gibault. (Compt. Rend. Acad. 
Sci. (Paris). vol. 222. pp. 907-908; April 8, 

551.510.535  726 
High-Power Radio Soundings of the Iono-

sphere-P. Lejay and R. Chezlemas. (Compt. 
Rend. Acad. Sci. (Paris), vol. 222, pp. 1363-
1366; June 12, 1946.) A report of results ob-
tained. every two hours in the daytime, since 
April, 1946. at the National Laboratory of 
Radioelectricity, Bagneux (Seine). Rectangular 
pulses, of duration 20 microseconds, were trans-
mitted 50 times per second from each of two 
self-oscillators giving about 20 kilowatts aerial 
power, one covering 3.5 to 6.5 megacycles and 
the other 6.5 to 11.5 megacycles. the sweep 
being completed in about 15 minutes. The 
photographic records show that the critical 
frequencies for reflection from the P2 layer 
are considerably higher than those expected on 
theoretical grounds and than those observed 
elsewhere. The mean values for April were 
about 2 megacycles higher than those predicted 
by American forecasts. Slow changes were 
noted, low values forthe critical frequencies on 
April 7 and 14 being followed by high values on 
April 9 and April 16 to 17. respectively. Low 
values correspond in general to greater equiva-
lent heights. 

551.510.535  727 
Nocturnal Variations of the Heights of the 

Layers of Maximum Ionization of Regions E 
and F-S. N. Ghosh. (Sci. Culture. vol. 12. 
pp. 201-202; October. 1946.) The height of the 
layer of maximum electron density in the E 
layer remains fairly constant during the night 
while the corresponding height for the F layer 
increases. This fact is explained theoretically 
as being due to the different laws of disappear-
ance of free electrons in the two regions. 

551.510.535:550.38  728 
Geomagnetic Control of Region F2 of the 

Ionosphere -S. K. Nlitra. (Nature (London). 
vol. 158, pp. 668-669; November 9, 1946.) 
Discussion of Appleton's recent note (2898 of 
1946). The geomagnetic effects may arise from 
bombardment of the upper atmosphere by 
charged particles, but it is more likely that the 
particles are of terrestrial origin and ionized by 
solar ultraviolet rays. This hypothesis is con-
sistent with Appleton's experimental data and 
with the geomagnetic control of the intensity 
of night-sky radiation. 

551.510.535:550.384.4  729 
Geomagnetic Time Variations and Their 

Relation to Ionospheric Conditions-s. K. 



11947  Abstracts and References  431 

Chakrabarty. (Curs. Sci., vol. 15, pp. 246-
247; September. I946.)The quiet day solar 
diurnal variation Sq of the geomagnetic field 
is believed to originate in the earth's outer 
atmosphere or the ionosphere. S,-curves of 
San Juan, Alibag, and Huancayo are given. For 
low-latitude stations variations of Sq appear 
to depend on geomagnetic parameters, al-
r though for high-latitude stations they depend 
more on geographical co-ordinates. 
These results can be explained if the at-

mospheric conductivity K is supposed to vary 
with geomagnetic latitude, particularly for low 
latitudes, and if K is not dependent on the 
sun's zenith distance as has previously been 
assumed. The probable source of the Sq cur-
rent system is the F2 layer. 

551.515.42  730 
On the Development of Microcyclones Be-

low Thunder Clouds —S. Mull and Y. P. Rao. 
(Sc. Culture, vol. 12, pp. 106-108; August, 
1946.) An expression is derived for the pressure 
fall below a thunder cloud. This explains the 
existence of small kinks in the isobars, before 
the development of a major thunderstorm. 

• LOCATION AND AIDS TO NAVIGATION 

621.396.9: 523.2: 621.396.1  731 
Astronomical Radar —In 106 of February, 

please cancel the words 'using a parabolic 
aerial array.' 

621.396.931/.9331.22.029.62  732 
Radio Direction Finding at 1.67 —Meter 

, Wavelengths—L. C. L. Yuan. (Paoc. I.R.E. 
. AND W AVES AND ELECTRONS, vol. 34, pp. 752-
1 756; October, 1946.) Describes I.67-meter 
tests on various aerial systems for measuring 

: both the elevation and bearing of an incident 
i wave. Measurements were made at ranges from 
7 to 30 miles. With the aerial system 1.5 wave-

i lengths above ground, and with a dry surface Ifree from reflecting objects, the results agree 
with the optical direction for the incident wave 
to within i degree in bearing, and to within 
• ±4 degree in elevation. With wet ground the 
error in the elevation may be as great as 34 
degrees. A mathematical analysis of the recep-
tion by the two aerial systems used is given. 

621.396.932.1  733 
New Techniques in Modern Marine Navi-

gation—R. Lepretre. (Rev. Gen. Elec., vol. 55, 
pp. 419-426; November, 1946.) A general ac-
count of the application of radar to marine 
navigation and a more detailed account of the 
operation of the Decca system. 

621.396.933  734 
The Radio Equipment used by the Pilot of 

an Aircraft and the Corresponding Ground In-
stallations —Gaillard. (See 887.) 

621.396.933  735 
An Introduction to Hyperbolic Navigation 

with Particular Reference to Loran —J. A. 
Pierce. (Jour. I.E.E. (London), part I. vol. 93, 
pp. 546-547; November, 1946.) A longer ab-
stract of the same paper was noted in 3287 of 
1946. 

621.396.933.1  736 
Simple Radio Approach System —R. Bea-

son. (Tonle La Radio. vol. 13, pp. 84-85; 
March-April, 1946.) A coil is carried by the 
aircraft in a plane perpendicular to the axis of 
the fuselage, with a vertical aerial just behind 
the coil and a suitable receiver whose output 
feeds a bridge-type rectifier associated with a 
center-zero voltmeter. A motor driven com-
mutator reverses the coil connections every 
1/12 second and at the same time reverses the 
voltmeter connections. With the aircraft on its 
proper course the voltmeter needle points to 
zero, deviations being indicated by movement 
of the needle to either side. 

621.396.96+621.396.932  737 
SJ Radar for Submarines —C. L. Van In-

wagen. (Bell Lab. Rec., vol. 24, pp. 402-406; 
November, 1946.) A 3000-megacycle radar for 
location of ship target by submarines, with 
plan-position indicator and A-scope displays. It 
can also be used as an aid to navigation. 

621.396.96  738 
Scanning Equipment for Ground Radar — 

D. Taylor and W. H. Penley. (Engineering 
(London), vol. 162, pp. 337-338; October 11. 
1946.) The motions of two aerial systems may 
be synchronized by using (a) two identical 
three-phase induction motors with stators in 
parallel and wound rotors in parallel; (b) three 
selsyns as a differential mechanism to operate 
an oil pump and oil motor; and (c) two selsyns 
operating a Ward-Leonard control unit through 
a thermionic-tube torque amplifier. The last 
method gave the smoothest control and with 
1-horse power motors two arrays were syn-
chronized within ± 1 degree. A dipole-rocking 
mechanism is described in which the dipole 
is at the end of a pivoted arm which is rocked 
by means of a special arrangement of two 
crankshafts using weights to provide mechani-
cal balance. 

621.396.96  739 
Radio v. II-Boat—G. M. Bennett. (Wire-

less World, vol. 52, pp. 408-411; December, 
1946.) An account of the development of radio 
detection devices used by Allied aircraft and 
ships in the Battle of the Atlantic, and the 
countermeasures adopted by the enemy. 

621.396.96:001.4  740 
What is Radar? —"Cathode Ray." (Wire-

less World, vol. 52, pp. 415-416; December, 
1946.) A discussion of the various definitions 
that have been given of radar, pointing out the 
techniques covered by each definition. 

621.396.96  741 
The Battle of the Atlantic [Book Notice] — 

Central Office of Information (London), 104 
PP., is. (Govt. Publ. (London), p. 3; October, 
1946.) The official account of the fight against 
the U-Boats, 1939 to 1945. 

MATERIALS AND SUBSIDIARY 
TECHNIQUES 

533.5  742 
What Is a Vacuum? —H. Piraux. (Toute La 

Radio, vol. 13, pp. 189-193; July —August, 
1946.) A review of methods of obtaining and 
measuring high vacuums. 

535.377  743 
The Thermoluminescence and Conductiv-

ity of Phosphors—R. C. Herman and C. F. 
Meyer. (Jour. Appt. Phys., vol. 17, pp. 743-
748; September, 1946.) Phosphors, such as 
zinc sulphide, irradiated by ultraviolet at low 
temperatures tan be made to glow by raising 
the temperature, the electrical conductivity 
rising at the same time. A theoretical discussion 
of these phenomena is given. 

537.13:621.385.1.032.216  744 
Some Cases of Interaction Between Posi-

tive Ions and Metallic Surfaces—N. Morgulis. 
(Zh. Eksp. Teor. Pis., vol. 16, no. 6, pp. 489-
494; 1946.) (In Russian.) An experimental at-
tempt to determine the contact potential dif-
ferences of thoriated tungsten by observing the 
displacement of the ion-current characteristics 
for different thorium coatings, and different 
conditions of thermal Ionization did not pro-
duce satisfactory results. 

In experimental investigations of this kind 
the neutralization of the ions on the surface is 
often slowed down, but the electric field pre-
vents the ions from leaving the surface. This 
phenomenon is discussed for the case of a pure 
tungsten filament in caesium vapor, and condi-
tions of equilibrium are established. 

537.311.33:546.281.26  745 
Electric Conductivity of Silicon Carbide — 

G. Busch. (Hely. Phys. Ada, vol. 19, pp. 167-
188; May 31, 1946.) Conductivity measure-
ments on single crystals of silicon carbide for 
current densities between 10-6  amperes per 
square centimeter and about 1 ampere per 
square centimeter show Ohm's law to be valid. 
Curves are given showing the variation of con-
ductivity with temperature from 80 degrees 
Kelvin to 1400 degrees Kelvin. 

537.533.8  746 
Secondary Emission from Germanium. 

Boron, and Silicon —L. R. Koller and J. S. 
Burgess. (Phys. Rev., vol. 70, p. 571; October 
1-15, 1946.) The experiments were carried out 
in an electron gun tube evacusted to between 
10-6  and 10-1  millimeters of mercury. The ger-
manium and silicon were heated to dull red 
heat and the boron to 425 degrees centigrade 
before making measurements. Results are 
shown graphically. 

538.221  747 
Anomalous High-Frequency Resistance of 

Ferromagnetic Metals —J. H. E. Griffiths. 
(Nature (London), vol. 158, pp. 670-671; 
November 9, 1946.) At wavelength of 1 to 3 
centimeters the product pp of the permeability 
and resistivity of ferromagnetic films shows a 
large increase at a certain value of external 
steady magnetic field H. If H1 is the mag-
netic field inside the metal, the product 1/1k 
tends to be constant and is of the order of 
2rnic/e (= 10.7 X 106 gauss per centimeter). 
This suggests that resonant absorption by 
magnetic dipoles is taking place. 

538.221  748 
Magnetic Dispersion of Iron Oxides at 

Centimeter Wavelengths —J. B. Birks. (Na-
ture (London), vol. 158, pp. 671-672; Novem-
ber 9, 1946.) Measurements were made of the 
characteristic impedance and propagation con-
stant of a coaxial line (at wavelength of 9 and 
6 centimeters) and of a wave guide (at wave-
length of 3 centimeters) filled with mixtures of 
ferroso-ferric or gamma-ferric oxide and paraf-
fin was. The complex permeability of each ox-
ide was deduced; its magnitude decreases 
rapidly with the wavelength and a large ab-
sorption occurs. 

538.221  749 
Magnetic Properties of Feebly Magnetic 

Sesquioxide  of Iron —J.  Roquet. (Compt. 
Rend. Acad. Sri. (Paris), vol. 222, pp. 727-
729; March 25, 1946.) 

546.287  750 
Silicone Oils: Part 1—Their Properties — 

D. F. Wilcock. (Gen. Elec. Rev., vol. 49, pp. 
14-18; November, 1946.) Description of chem-
ical constitution, viscosity in relation to tem-
perature, pour point, evaporation, miscibil-
ity, combustion, and some chemical properties. 

546.841.78:621.385.032.21 :539 .16 .08  751 
A Geiger Counter for Determination of 

Thorium Content of Thoriated-Tungsten Wire 
— R. E. Aitchison. (A. W. A. Tech. Rev., 
vol. 7, pp. 1-5; September, 1946.) 

548.0:537:546.331.2  752 
Elastic, Piezoelectric, and Dielectric Prop-

erties of Sodium Chlorate and Sodium Bro-
mate —W. P. Mason. (Phys. Rev., vol. 70, 
pp. 529-537; October 1-15, 1946.) Determina-
tion over a wide temperature range by measur-
ing the properties for three oriented cute. 
Values of piezoelectric constant and Pois-
son's ratio obtained differ considerably from 
those of previous workers. 

548.4  753 
Imperfections in the Structure of Large 

Metal Crystals, Revealed by Micrography and 
by X Rays—P. Lacombe and L. Beaujard. 
(Compt. Rend. Acad. Sci. (Paris), vol. 221, 
pp. 414-416; October 8, 1945.) 
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549.514.51+549.6141: 548.4  754 
Surface Layers on Quartz and Topaz — 

D. D'Eustachio. (Phys. Rev., vol. 70, pp. 522-
528; October 1-15, 1946.) An investigation by 
X-ray photography of the nature of the sur-
face layers of single crystals of quartz and 
topaz. 

621.314.632  755 
Phenomena of Aging of Copper Oxide Rec-

tifiers —R. Dougot. (Rev. Gen. Elect., vol. 55, 
pp. 448-451; November, 1946.) Results of an 
experimental study are given graphically. 
Aging is rapid in the days immediately follow-
ing manufacture and can be accelerated by 
special treatment. The direct-current charac-
teristic has a point of maximum stability at 
about 0.3 volt. This is of importance in car-
rier-current telephony, where the rectifier is 
used at a particular point of its characteristic. 

621.315.33  756 
The Inside of Electrical Machines [Manu-

facture and Insulation of Copper Wire and 
Stripl —R. H. Robinson. (Electrician, vol. 137, 
pp. 787-791; September 20, 1946.) An account 
of the drawing and covering of copper wire 
with a short discussion of the dielectric strength 
of various coverings. 

621.315.61:537.533.73  757 
Study of Insulating Materials by Electron 

Diffraction —J.  Devaux.  (Ann.  Radioilec. 
vol.  1, pp.  324-326;  April-July,  1946.) 
Charge which accumulates on the specimen 
can be dispelled by playing on it a secondary 
beam of electrons of low velocity. This is due 
to ionization by the slow electrons of the 
residual gas in the discharge tube. The value 
of using both X-ray and electron diffraction 
methods in the study of crystals is outlined. 

621.315.61:679.5  758 
New Electrical Materials: Part 2—A. E. L. 

Jervis. (Electrician. vol. 137, pp. 793- 797; 
September 20. 1946.) Continuation of 2931 of 
1946. Notes on silicones and their use in ceram-
ics, resins, greases, and  enamels. An ex-
tensive bibliography is appended. 

621.315.612  759 
High Dielectric Constant Ceramics —A. von 

Hippel, R. G. Breckenridge, F. G. Chesley, 
and L. Tisza. (Ind. and Eng. Chem., vol. 38, 
pp. 1097-1109; November, 1946.) Dielectric 
measurements over a wide range of frequen-
cies, temperatures, and voltages, and thermal 
expansion and X-ray studies, were undertaken 
for titanium dioxide and the alkaline earth 
titanates, including some mixtures and solid 
solutions of the barium and strontium com-
pounds. Barium titanate and the barium-
strontium titanate solid solutions exhibit pecul-
iar dielectric behavior which is connected with 
a lattice transition from pseudocubic to cubic. 

621.315.614.72.011.5  760 
Dielectric Strength Measurements on Var-

nished Cambric —A. Rufolo and H. K. Graves. 
(Bull. Amer. Soc. Test. Mat., no. 142, pp. 34-
37; October, 1946.) A study of the effect of 
humidity, electrodes, and breakdown media on 
dielectric strength. 

621.315.615:679.5  761 
Dielectric Constants of Dimethyl Siloxane 

Polymers —E. B. Baker, A. J. Barry, and 
M. J. Hunter. (Ind. and Eng. Chem., vol. 38, 
pp. 1117-1120; November, 1946.) The dielec-
tric constants of these silicones were measured 
as functions of temperature. The results, to-
gether with density temperature and optical 
data, were used to calculate the dipole mo-
ments, the infra-red dispersion and the dipole, 
atomic, and electronic polarizations by means 
of the Onsager-Kirkwood theory. 

621.315.616:679.5  762 
Plastic Compositions for Dielectric Appli-

cations —W. C. Go uin and R. F. Boyer. 

(Ind. and Eng. Chem., vol. 38, pp. 1090-1096; 
November, 1946.) Plastics are described for use 
as casting and laminating resins and for sealing 
components. For radar housings polystyrene 
fibers were used. A sandwich method using 
hard outer surfaces filled with polystyrene 
foam gave low loss at very high frequencies. 
The housings for proximity fuzes and the mate-
rials used in cables present special problems. 
The characteristics of an experimental plastic 
having rigidity and ideal electrical properties 
are given. 

621.315.616.029.5:679.5  763 
Polystyrene Plastics as High-Frequency 

Dielectrics —A. von Hippel and L. G. Wesson. 
(Ind. and Eng. Chem., vol. 38, pp. 1121-1129; 
November, 1946.) The dielectric loss in styrene 
monomer is analyzed. Polymerization condi-
tions are investigated and a high quality 
polystyrene is modified by cross-linking, co-
polymerization, and hydrogen substitution. 
Special filters allow adjustment of the dielec-
tric constant and the thermal expansion (for 
sealing to metal surfaces). 

621.315.616.9.015.5  764 
The Electric Strength of Paraffins and 

Some High Polymers —A. E. W. Austen and 
H. Pelzer. (Jour. I.E.E. (London), part I, vol. 
93, pp. 525-532; November, 1946.) Attempts 
to measure the electric strength of paraffins 
were unsuccessful, except for material oriented 
by pressing. A value of 6.5 X104 volts per centi-
meter was obtained for polythene, with little 
change from room temperature to —190 de-
grees centigrade. The strength of polyvinyl 
chloride-acetate increased from 6.5X 104 volts 
per centimeter at room temperature to 12X 104 
volts per centimeter at —190 degrees centi-
grade. 

621.316.89+621.315.59  765 
Properties and Uses of Thermistors — 

Thermally Sensitive Resistors —J. A. Becker, 
C. B. Green, and G. L. Pearson. (Trans. 
A.I.E.E. (Elec. Eng., November, 1946) vol. 
65, pp. 711-725; November, 1946.) A detailed 
discussion of the conduction mechanism in 
semiconductors, and the criteria for usefulness 
of circuit elements made from them. Methods 
of preparation, and numerous applications of 
thermistors using their high temperature co-
efficient of resistivity are given. 

621.316.89.029.63  766 
Thermistors  at  High  Frequencics —J. 

Walker. (Wireless Eng.. vol. 24, pp. 28-29; 
January, 1947.) Measurements made on the 
resistance of a directly heated high-resistance 
thermistor at 400 megacycles per second are in 
agreement with values calculated from a knowl-
edge of the direct-current resistance. 

621.318.32:621.317.44  767 
New Method for the Study of Ferromag-

netic Materials in Weak A. C. Fields. Applica-
tion to Some Alloys—Epelbolm. (See 797.) 

621.357.8:537.533.73  768 
Diffraction of Electrons at Monocrystalline 

Surfaces of Electrolytically Polished Copper— 
P. Renaud and H. Frisby. (Comp. Rend. Acad. 
Sci. (Paris), vol. 222, pp. 1429-1430; June 17. 
1946.) For the metallurgical or electrochemical 
study of metals it is very desirable to use well-
defined and reproducible surfaces which, as far 
as possible, correspond to the true crystal lat-
tice. Polished copper surfaces were prepared 
electrolytically. The bath must be protected 
from dust particles and it is desirable to calcine 
the anode and cathode before use. Excellent 
diffraction photographs were obtained with 
such surfaces after treatment with boiling 
water. The diagrams correspond to Cu2O and 
suggest that the electrons penetrate a large 
number of layers; they cannot be explained in 
terms of diffraction by a few layers of atoms 
only. The electrolytically polished copper sur-
faces are attacked when cold by distilled water. 

621.357.8:548.73  769 
X-Ray Study of the Surface Hardening of 

Single Crystals of Aluminium and of Iron by 
Mechanical  Polishing —J.  Benard  and P. 
Lacombe. (Ccmtp. Rend. Acad. Sci. (Paris), vol. 
222, pp. 182-183; January 14, 1946.) To deter-
mine the depth of the structural modification 
due to polishing with emery, electrolytic pol-
ishing of the successive layers was used and a 
study made of the changes in the X-ray re-
flection diagrams. Beyond a certain depth (5 to 
10 microns for no. 2 emery) the original pat-
tern of Laue spots and continuous Debye-
Scherrer rings changed, the rings becoming sec-
tors only and disappearing altogether, leaving 
only the Laue spots, at a depth of the order of 
60 microns. The results for aluminium were 
similar, but the depth of modification was con-
siderably less than for iron. 

621.362  770 
Characteristics of Thermocouples — Weller 

(See 815.) 

621.385.832..087.5  771 
A New Film for Photographing the Tele-

vision Monitor Tube — White and Boyer. (See 
907.) 

621.791.76: 621.3.011.2  772 
Measurement and Effect of Contact Resist-

ance in Spot Welding —R, A. Wyant. (Trans. 
A.I.E.E. (Elec. Eng., June Supplement, 1946). 
vol. 65, p. 513; June Supplement, 1946. Dis-
cussion of 1890 of 1946.) 

621.798:679.5  773 
Polythene Plastics for Packaging —Visking 

Corporation. (Materials and Methods, vol. 24. 
pp. 1188-1189; November, 1946.) 

621.9.038  774 
Dies from Diamonds and Their Use: a 

Triumph of Technical Precision —C. C. Pater-
son. (Not. Proc. Roy. Inst., vol. 33, no. 150, pp. 
14-21; 1946.) 

666.1.031.13  775 
Physical Basis of the Electrical Fusion of 

Glass —I. Peyches. (Rev.Gen. Elect., vol. 55, pp, 
143-150; April, 1946.) The difficulties en-
countered in the fusion of glass by the passage 
through it of electric currents are due to the 
wide variation of resistance with temperature. 
low-heat conductivity, and high viscosity. 
These are discussed from a practical stand-
point. 

666.115: [532.13+536.4  776 
Viscosity and the Extraordinary Heat Ef-

fects in Glass —A. Q. Tool. (Jour. Res. Nat. 
Bur. Stand., vol. 37, pp. 73-90; August, 1946.) ' 

666.29.041  777 
Automatic Glazing Machine —R. Rulison. 

(Bell Lab. Rec., vol. 24. pp. 400-401; Novem-
ber. 1946.) The rods to be glazed are mounted 
on a slowly rotating shaft placed inside an 
electrically heated furnace. 

669.738  778 
Cadmium Plate and Passivated Cadmium-

Plate  Coatings—E. E. Halls. (Metallurgia 
(Manchester). vol. 34, pp. 295-297; October, 
1946.) 

669.738  779 
Cadmium Plate and Passivated Cadmium-

Plate Coatings—F.  Taylor: E.  E. Halls. 
(Metallurgia (Manchester). vol. 35. pp. 28-31; 
November, 1946.) Comment on 778 above, and 
Halls' reply. 

678  780 
Comparison of Natural and Synthetic Hard 

Rubbers —G, G. Winspear, D. B. Herrmann. 
F. S. Maim, and A. R. Kemp. (Bell Syst. Tech. 
Jour., vol. 25. p. 654; October. 1946.) Ab-
stracted from lad, and Eng. Chem., July, 1946. 
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621.31  781 
Electrical Contacts. [Book Review] —L. B. 

Hunt. Johnson and Nlatthey, London, 1946. 
122 pp., 10s. 6d. (Nature (London). vol. 158. 
p. 647; November 9, 1946.) A book of reference 
for the electrical engineer, written in collabo-
ration with others. The subject is dealt with 
under three headings: design and selection of 
contacts, properties of contact materials, and 
contact engineering. 

666.1(02)  782 
Techniques of Glass Manipulation in Sci-

entific Research [Book Revievd —J. D. Held-
man. Prentice-Hall, New York, N. Y., 1946, 
132 pp., $2.50. (Jour. Phys. Chem., vol. 50, p. 
489; November, 1946.) 

MATHE MATICS 

517.432.1  783 
On the Operator Formulae of the Symbolic 

Calculus —P. Humbert. (Camp. Rend. Acad. 
Sci. (Paris), vol. 221, pp. 398-399; October 8. 
1945.) Distinguishes three classes of operational 
formulas, of which the third has been very 
little studied. Examples are given. 

517.512.2  784 
Fourier Analysis of Frequency-Modulated 

Oscillations with Saw-Tooth Variation of the 
Instantaneous Frequency —J. Ryhner. (Akad. 
Tekn. Videnskab., Lydtekn. Lab., Publ. No. 2: 
Reprint from Maternal. Tidskr. Afd. B. 1946. 
In Danish with English summary.) The oscil-
lation is a= A sin (oit-Ff • ovit2) where I lies be-
tween ± 1/21. The carrier-frequency compon-
ents can be expressed iji terms of Fresnel in-
tegrals. The sideband components cannot be 
expressed in terms of fully tabulated functions, 
but values are given for the first four terms for 
a range of about 1 to 10 of modulation index. 

517.942.9  785 
The Numerical Solution of Laplace's Equa-

tion in Composite Rectangular Areas—M. M. 
Frock. (Jour. Appl. Phys., vol. 17, pp. 730-

. 742; September, 1946.) 

517.948.32  786 
The Principal Methods of Solving Numer-

ically the Integral Equations of Fredholm and 
Volterra —J. Bernier. (Ann. Rad:oiled., vol. 1, 
pp. 311-318; April-July, 1946.) These equa-
tions occur in numerous boundary-condition 
problems. 

518.5  787 
The Automatic Sequence Controlled Calcu-

lator: Part 3—H. H. Aiken and G. M. Hopper. 
(Elec. Eng., vol. 65, pp. 522-528; November, 
1946.) For parts 1 and 2 see 461 of March. 

518.5  788 
A Punched-Card Technique for Computing 

Means, Standard Deviations, and the Product-
Moment Correlation Coefficient, and for List-
ing Scattergrams—N. R. Bartlett. (Science, 
vol. 104, pp. 374-375; October 18, 1946.) 

51(075.8)  789 
Higher Mathematics for Students of Chem-

istry and Physics, with Special Reference to 
Practical Work [Book Review]  J. W. Nlellor. 
Dover Publications, New York, N. Y., 1946. 
641 pp., $4.50. (Gen. Elect. Rev., vol. 49. p. 67; 
November, 1946.) The purpose is "to give a 
working knowledge of higher mathematics to 
students of physical and general chemistry." A 
special feature is the large number of examples 
based on actual measurements published in 
current scientific articles. 

MEASUREMENTS AND TEST GEAR 

621.316.89.029.63  790 
Thermistors at High Frequencies —Walker. 

(See 766.) 

621.317.32:537.533.73  791 
Measurement of High D.C. Voltages by 

Electron Diffraction—J. J. Trillat. (Rev. Gin. 

Elect., vol. 55, pp. 307-310; August, 1946.) By 
means of electrons with uniform velocity 
measurements are made of the radial distances 
of spots or rings in the diffraction diagrams of 
thin sheets of silver, aluminium, or gold of 
known thickness. An accuracy approaching 1 
per cent is possible. 

621.317.32.087  792 
Simultaneous Recording of Current, Volt-

age and Short-Period Voltage Fluctuations — 
E. Schwabe. (A rch. Tech. Messen, p. T49; May, 
1940.) A triple recorder using current and volt-
age transformers and, for recording the voltage 
fluctuations, a lamp and photocell with com-
pensation for normal voltage. 

621.317.334  793 
Adaptation of the Method of Maxwell-Wien 

to the Precise Comparison of Inductance 
Standards —R. Heron and M. Romanowski. 
(Comp. Rend. Acad. Sci. (Paris), vol. 222, pp. 
789-791; April 1, 1946.) If P and Q are the re-
sistances of two opposite arms of a Maxwell-
Wien bridge, a fixed capacitor being connected 
in parallel with the third arm and inductances 
LI, L2 inserted successively in the fourth arm, 
the bridge arms all being approximately equal 
and earth capacitances and residual induct-
ances compensated, then Lm/L2= PON/Pk:- P 
and Q should be of the type used for high pre-
cision measurements, variable in lfl steps. 
Final balance is achieved by means of a resistor 
of 100“, shunted by a variable capacitor, in 
series with the inductance. Tests carried out 
with frequencies of 1000 and 100 cycles show 
that with such an arrangement inductance 
comparisons can be effected with an accuracy of 
about 1 in 105 and this may be increased when 
the apparatus details are perfected. 

621.317.35:578.088.7  794 
A New Electronic [Infrasonic Frequency] 

Analyzer. —G.  R.  Baldock and W. Grey 
Walter. ',Electronic Eng.. vol. 18, pp. 339-344; 
November, 1946.) The apparatus consists of a 
number of selective circuits which respond to 
frequencies between 1.5 and 30 cycles. These 
circuits are resistance-capacitance phase-shift 
positive feedback amplifiers with gains ad-
justed to values below that at which oscillation 
occurs. An epoch of an aperiodic wave form 
may be analyzed by means of a switch which 
selects each of the selective circuits. An addi-
tional circuit, called an averager, records the 
analysis of the record over periods of one to 
two minutes. The analyzer records the mean 
relative amplitudes throughout the period, but 
it will not distinguish between a large signal 
present for a short time and a smaller one pres-
ent for a long time. Its main use is for vibration 
studies and bioelectric effects. 

621.317.372:621.315.2  795 
End Leakage in Cable Power-Factor Meas-

urement —A, Rosen. (Jour. I.E.E. (London), 
part I. vol. 93, p. 549; November, 1946.) Sum-
mary of 176 of February. 

621.317.42  796 
A B-H Curve Tracer for Magnetic-Record-

ing Wire —T. H. Long and G. D. McMullen 
(Trans. A.I.E.E. (Elec. Eng.. June Supple-
ment. 1946), vol. 65, pp. 494-495; June Supple-
ment, 1946.) Discussion of 2247 of 1946. 

621.317.44 621.318.32  797 
New Method for the Study of Ferromag-

netic Materials in Weak A.C. Fields. Applica-
tion to Some Alloys—I. gpclbolm. (Rev. Gin 
Elect., vol. 55, pp. 271-281, 310-324; July-
August. 1946.) Theory and operational details 
arc given of a bridge method. A specially de-
signed demountable coil attachment permits 
accurate and reproducible rebuke. The nickel 
alloys anhyster D, mumetal and permalloy 
were studied after each had been subjected to 
two different heat treatments resulting in 
widely differing magnetic characteristics. In 
the case of the 76 per cent nickel alloys, the 

existence of a superstructure in annealed per-
malloy and of anistrophy of the copper in 
tempered mumetal, may account for the ob-
served differences. Measurements were made 
at frequencies from SO to 10,000 cycles. The 
effective resistance to eddy currents was found 
to be less than the direct-current resistance 
and the ratio of permeability to effective re-
sistance was constant over a wide frequency 
range. Rayleigh's law is shown to be valid 
whatever the difference between the crystalline 
energy and that of the internal strains in a 
ferromagnetic material. The empirical law 
proposed by Sixtus is found inaccurate. The 
anomalous behavior of the permeability char-
acteristic as a function of the field can be ex-
plained by the effect of harmonics. 

621.317.7+681.21.085.34  798 
A Scanning Device for All Types of Lumi-

nous-Spot Measuring Apparatus —F. Perrier. 
(Corn/fl. Rend. it cad. Sci. (Paris), vol. 222. DP-
868-869; April 8, 1946.) The beam reflected 
from a rotating mirror is given a motion at 
right angles to its usual path by interposing a 
suitable screen between the mirror and the 
source, the deflection la* being determined by 
the shape of the screen. Where one variable is 
the time, the screen may be semicylindrical, 
pierced with a helical slot, and suspended from 
a torsion pendulum. This produces a sinusoidal 
sweep. Alternatively, a motor-driven disk has 
its edge cut to the shape of identical portions 
of Archimedean spirals. This gives a saw-
tooth linear sweep. 

621.317.7.029.64  799 
Microwave Test and Measuring Equip-

ment —W. T. Jones. (Electronic Ind., vol. 5. 
pp. 48-54, 136; November, 1946.) A review of 
the various types of instruments and methods 
developed for the measurement at ultra-high-
frequency of (a) frequency, using cavity and 
coaxial line type meters, (b) spectrum distribu-
tion, (c) power, using diodes, crystals, thermo-
couples, calorimeters or bolometers, (d) atten-
uation, and (e) standing-wave ratios, by inser-
tion of a slotted section of transmission line be-
tween generator and load, with a pickup probe 
moved along the line and a meter to indicate 
the relative field strength at points under 
examination. 

621.317.7.029.64  800 
Microwave Measurements and Test Equip-

ments —F. J. Gaffney. (Pitoc. I.R.E. AND 
WAVES AND ELECTRONS, VOL 34, pp. 775-793; 
October, 1946.) A general summary is given 
of the methods of measuring such quantities as 
standing-wave ratios, impedance, power, at-
tenuation, and frequency. The electrical and 
mechanical considerations in the design of 
microwave measurement apparatus and the 
accuracies at present obtainable are discussed. 
The application of the methods to the measure-
ment of the performance of radar systems is 
outlined. 

621.317.71/.721.082.742  801 
Moving-Coil Current and Voltage Multi-

Range  Meters —J.  Bubert.  (Arch.  Tech. 
Messen, p. T68; June, 1940.) Design considera-
tions. 

621.317.714+621.317.725  802 
Frequency Compensated A.C. Ammeters 

and Voltmeters—J. M. Whittenton and C. A. 
Wilkinson. (Trans. A.I.E.E. (Elec. Eng., No-
vember, 1946), vol. 65, pp. 761-764; November, 
1946.) Impedance changes can cause frequency 
errors in moving iron voltmeters, while eddy 
currents can cause them in both ammeters and 
voltmeters. By suitable choice of materials. 
eddy currents can be made negligible. Errors 
due to impedance changes can be corrected by 
shunting about 75 per cent of the series resist-
ance with a capacitor. 

621.3171.72+.784  803 
A Precision A.D./D.C. Comparator for 

Power and Voltage Measurements—G. F, 
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Shorter and H. D. Hawkes. (Jour. I.E.E. 
(London), part I, vol. 93, pp. 549-550; Novem-
ber. 1946.) Summary of 183 of February. 

621.317.73  804 
Reactance Comparator —(Elearonics, vol. 

19, pp. 142-150; November. 1946.) The tuning 
of a circuit containing the test reactor is varied 
by a vibeating reed capacitor. A thyratron con-
trolled stroboscope lamp illuminates a pointer 
attached to the reed when the natural fre-
quency of the test reactor equals that of the 
oscillator under test. 

621.317.73:518.3  805 
Capacity Nomogram for Use with Avometer 

Type D—R. Terlecki and J. W. Whitehead. 
(Electronic Eng., vol. 18, p. 336; November. 
1946.) The unknown capacitance is connected 
in series with the 230-volt alternating-current 
mains and the Avometer, set to the 300-volt 
alternating-current  range.  The  nomogram 
shown can then be used for measuring capaci-
tances from 200 to 100.000 picofarads. 

621.317.733  806 
An Equal-Ratio Impedance Bridge —L, G. 

Alexander. (A. W.A. tech. Rev., vol. 7. Firl. 59-

77; September, 1946.) A detailed description of 
a bridge which has an accuracy of 1 per cent. 
or better, in measuring impedances at fre-
quencies up to 3 megacycles. 

621.317.733:518.4  807 
Universal Chart for Unbalanced Bridge— 

R. C. Paine. (Elec. Ind., vol. 5, pp. 72-74, 110; 
November. 1946.) Gives graphical methods for 
determining the detector voltages of unbal-
anced bridges and derives a universal chart. 

621.317.75:621.396.619:621.397.61  808 
Test Oscilloscope for Television Stations— 

A. H. Brolly and W. R. Brock. (Elearonics, vol. 
19. pp. 120-122; November, 1946.) For meas-
urement of transmitter modulation. The radio-
frequency signal is picked up from the trans-
mitter feeder and is fed through a tuned trans-
former directly to the Y deflection plates of a 
cathode-ray tube; a time base for the X de-
flection operates at half the time frequency. 

621.317.755:621.3.001.4  809 
Routine Testing by Cathode-Ray Oscillo-

graph—F. Haas. (Tattle La Radio, vol. 13, pp. 
161-163; June. 1946.) Full circuit details are 
given for apparatus which gives a vertical trace 
on a cathode-ray oscilloscope corresponding to 
a particular frequency. For routine testing of 
capacitors or inductances, connections are made 
to an oscillator so that the trace on the cathode-
ray oscilloscope is displaced from the central 
position by an amount proportional to the 
percentage error. The method is readily adapta-
ble to routine testing of lengths, thicknesses. 
angles, etc. 

621.317.757  810 
A Non-Reactive (Dephascuse) Valve and a 

New Method of Harmonic Analysis—A. Co-
lombani. (Comp. Rend. Acad. Sci. (Paris), vol. 
221, pp. 399-401; October 8, 1945.) Across the 
anode resistance of a pentode is connected, 
through 1-microfarad capacitors, a bridge of 
two fixed resistors, one variable resistor R and 
a variable capacitor C. The voltage across one 
diagonal of the bridge can be varied both in 
magnitude and phase with respect to that 
across the other diagonal by suitably altering 
R and C. By coupling this circuit to a variable 
frequency oscillator, together with the source 
to be analyzed, it is possible to measure the 
frequencies, amplitudes, and phase differences 
of the harmonics with reference to the funda-
mental. 

621.317.76.029.64  811 
U.H.F. Signal Generator (Mark SIE-12J— 

(Ekc. Ind., vol. 5, pp. 76-77; November, 1946.) 
A set of five interchangeable klystrons supplies 
microwave energy at any frequency from 2600 

to 10,300 megacycles and can be matched to 
any load by means of a tunable double-stub 
transformer. It delivers at least 200 milliwatts 
and up to 750 milliwatts in certain frequency 
ranges. The stable output can be modulated 
either in frequency or in amplitude. A built-in 
generator gives undistorted square-waves up to 
100 volts (peak) in the range 350 to 3500 cycles. 
and may be externally synchronized. The 
electronically regulated power supply of the 
klystron delivers up to 1250 volts with better 
than ±0.2-volt regulation, and less than 0.2-
volt peak-to-peak ripple. 

621.317.761  812 
Precision Frequency Meter —P. Bernard. 

(route la Radio, vol. 13, pp. 121-124; May, 
1946.) An account of a rack-mounted equip-
ment of controlled multivibrators, selectors. 
mixers, and filters designed originally for the 
precision measurement of quartz-crystal fre-
quencies by unskilled workmen. The unknown 
frequency is caused to beat successively with 
standard decade frequencies and can be read 
directly from the settings of the various selec-
tors. An absolute precision to within 1 cycle is 
obtainable. 

621.317.784:621.392  813 
A Wide-Band Wattmeter for Wave Guide 

— H. C. Early. (PRoc. I.R.E. AND W AVES AND 

ELECTRONS. vol. 34. pp. 803-807; October, 
1946.) Used to measure the power transmitted 
by a wave guide or coaxial transmission line 
the wattmeter consists of a special section of 
14 inches by 3 inches wave guide containing a 
tapered ridge, with a directional coupler assem-
bly connected to two lengths of cable, each with 
thermojunction at the end and a low-resistance 
microammeter. The cable lengths are so chosen 
that the variation of attenuation with fre-
quency compensates for the variation of voltage 
pickup in the coupler loop, giving a substanti-
ally constant calibration over the range 8 to 12 
centimeters. 

621.317.784.029.64  814 
Microwave Wattmeter—( aearonics. vol. 

19, pp. 164, 169; November, 1946.) The current 
flowing into a matched terminated transmis-
sion line is measured by a thermocouple. At low 
frequencies (20 megacycles) the terminating 
resistance decides the input impedance, while 
at high frequencies (1500 megacycles) the line 
has sufficient loss for the characteristic im-
pedance to be the deciding factor. 

621.362  815 
Characteristics of Thermocouples—C. T. 

Weller. (Gen. Elect. Rev., vol. 49, pp. 50-53; 
November, 1946.) Standard calibration points, 
operating ranges, and limits of departure from 
the average curve are tabulated for the five 
principal types of thermocouple, namely cop-
per-copnic. iron-copnic, chromel-copnic, chro-
mel-alumel. and platinum—platinum with 10 per 
cent rhodium. The voltage is also • shown 
graphically as a function of temperature dif-
ference between the two ends for these types of 
thermocouple, and is tabulated for copper-
copnic thermocouples. 

621.385:621.317.7  816 
Simple Valve Tester —R. E. Hartkopf. 

(Wireless World. vol. 52. pp. 386-390; Decem-
ber, 1946.) For measurement of insulation, 
mutual conductance, and emission. 

621.396.611:621.396.615.18  817 
The Inductance-Capacitance Oscillator as a 

Frequency  Divider—E.  Norrman.  (PRoc. 
I.R.E. AND W AVES AND ELECTRONS, vol. 34. 
pp. 799-803; October, 1946.) The basic circuit 
and the effects of changes in the values of the 
circuit components on the range of frequency 
control are discussed. Details are given of a 
four-stage frequency divider, with an output of 
90 cycles, controlled by an 81-kilocycle quartz 
crystal oscillator. The method of tuning the 
successive oscillator stages is described. 

621.396.615.14.029.54/.62  818 
Design of F.M. Signal Generator —D. M. 

Hill and M. G. Crosby. (Electronics, vol. 19, 
pp. 96-101; November, 1946.) The means 
of obtaining constant frequency deviation with 
a reactance modulator are discussed for both 
heterodyne and the constant-deviation vari-
able oscillator systems. In the latter, which is 
shown to be the more efficient, a modulation 
input potentiometer is ganged with the tuning  . 
dial. A satisfactory design is one in which the 
reactance-modulated oscillator operates from 
27 to 54 megacycles, and is balanced by a 
doubler stage and a second doubler output 
stage, providing frequency coverage from 54 
to 216 megacycles. Maximum stability and 
simplicity are achieved since oscillator and 
modulator operate at a low frequency and  . 
radio-frequency switching is simple. By means 
of a converter, the range of 100 kilocycles to 25 
megacycles can also be covered. 

621.396.62.029.64  819 
Components of U.H.F. Field (Strength] 

Meters —E.IKarplus. (Electronics, vol. 19, pp. 
124-129; November. 1946.) A description of 
the characteristics of the various units con-
cerned. (a) The tuning limitations of butterfly 
circuits, which are described in detail in 3260 
of 1945 (Karplus), are discussed in terms of 
circuit dimensions. Where low losses are more 
important than wide tuning range, cylinder, or 
coaxial butterfly circuits are preferable. These 
are fully described in 1797 of 1946 (Gross). 
(b) A tunable resonator with a five-to-one fre-
quency range is described, which uses a short, 
fixed wave guide and %long flexible conductor 
which is pushed through the guide as required 
to produce resonance. (c) For a cartridge-type 
crystal detector the correction for frequency is 
examined, and necessary precautions in use are 
mentioned. (d) The output from a signal gen-
erator may be checked by measuring either the 
input to the attenuator or the output at a 
known attenuator setting. (e) A regulated 
power supply can be obtained by using a con-
trolled saturable reactor in the power input cir-
cuit. 

OTHER APPLICATIONS OF RADIO 
AND ELECTRONICS 

539.16.08 : 546.841.78: 621.385.032.21  820 
A Geiger Counter for Determination of 

Thorium  Contents •uf  Thoriated-Tungsten 
Wire —R. E. Aitchison. (A. W.A. Tech. Rev., 
vol. 7. pp. 1-5; September, 1946.) 

621.314.12:621.3.07  821 
Industrial Applications of the Amplidyne - 

F. Penin. (Rev. Gen. Elect., vol. 55, pp. 266-270; 
July, 1946.) Essentially consisting of two gen-
erators in series, the arnplidyne gives power 
amplification of the order of 10.000. with a low 
time constant, so that a power of a few micro-
watts from a radar receiving aerial can be ap-
plied through an electronic amplifier to operate 
apparatus requiring hundreds of kilowatts. In-
dustrial applications are described, such as the 
control of high-frequency alternators for in-
duction furnaces, or of the voltage of a direct-
current generator, with limitation of the cur-
rent. 

621.315.332.7.001.4  822 
Process Testing of Film Continuity on 

Forme: Fine Wire —B. Mulvey. (Gen. Elect. 
Rev., vol. 49. pp. 46-48; November, 1946.) An 
apparatus consisting essentially of mercury 
electrodes, an electronic relay, and a recorder is 
used to count the number of breaks in enamel 
film covering fine wire as soon as the wire is 
made. Constructional and operating details are 
given. 

621.317.35:578.088.7  823 
A New Electronic (Infrasonic Frequency] 

Analyser—Baldock and Grey ‘Valter. (See 794.) 
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621.317.39:531.7  824 
Recent Electrical Devices for the Measure-

ment of Forces, Acceleration, and Displace-
ments —H. Gondet. (Rev. Gin. Elect., vol. 55. 
pp. 123-135; April, 1946.) Many practical in-
ventions are described, based on the properties 
of piezoelectric crystals, magnetostriction, var-
iation of magnetic fields, capacitance, resist-
ance, and inductance changes. Devices using a 
photoelectric cell are also described. An indica-
tion is given of the accuracy to be expected. 

621.317.39:633.1  825 
Determination of the Moisture Content of 

Cereals by Measurement of Specific Inductive 
Capacity —L. G. Groves and J. King. (Jour. 
Soc. Cheat. Ind. (London), vol. 65, pp. 320-
324; October. 1946.) 

621.317.725:621.385: 536.52  826 
Flame Radiation Measuring Instrument — 

E. M. Yard. (Electronics, vol. 19, pp. 102-104; 
November, 1946.) A highly stable bridge-type 
battery-operated tube, voltmeter connected to 
a radiation pyrometer, for checking perform-
ance of open-hearth steel furnaces. 

621.318.572: 531.76  827 
High Speed Counter —(Electronics, vol. 19, 

pp. 190. 192; November, 1946.) The apparatus, 
now being produced in quantity, can be used 
to measure velocities and accelerations for 
intervals up to 1 second in steps of 1 micro-
second. 

621.365  828 
High-Frequency Heating —M.J.A. (Toute 

to Radio, vol. 13, pp. 168-173; July-August, 
1946.) Practical methods and applications. 

621.365.5  829 
Duplex Operation of Induction Heaters — 

W. C. Rudd. (Electronics, vol. 19, pp. 93-95: 
November, 1946.) Multiple connection of iden-
tical units, for either two-phase or three-phase 
input, can provide twice the power of either 
unit operating alone. 

621.383:535.24  830 
Logarithmic Photometer —M. H. Sweet. 

(Electronics, vol. 19, pp. 105-109; November. 
1946.) A method for obtaining logarithmic re-
ponse to light intensity from a photocell. 

621.383:535.33.071  831 
Observation of Spectral Lines with Elec-

tron Multiplier Tubes —J. D. Craggs and W. 
Hopwood. (Nature (London), vol. 158. p. 618; 
November 2, 1946.) 

621.384  832 
A New Mbthod for Displacing the Electron 

Beam in a Synchrotron —J. S. Clark, I. A. 
Getting, and J. E. Thomas, Jr. (Phys. Rev., 
vol. 70, pp. 562-563; October 1-15, 1946.) Aux-
iliary coils are provided to induce radial oscilla-
tions of the beam, which can be swept across 
the target in a time of the order of 2 micro-
seconds. 

621.384.6  833 
The Betatron —A. Ghosh. (Sci.Culture, vol. 

12. pp. 75-85; August, 1946.) 

621.384.6  834 
Experimental 8 MeV Synchrotron for Elec-

tron Acceleration—F. K. Goward and D. E. 
Barnes. ( Nature (London). vol. 158, p. 413; 
September 21, 1946.) Results obtained indi-
cate that the synchrotron gives much greater 
energy and x-ray yield than the betatron with-
out increase in magnet size. 

621.385.833  835 
Determination of the First Order Elements 

of Symmetrical Electrostatic Lenses--P. Chan-
son, A. Ertaud. and C. Magnan. (Cornpt. 
Rend. Acad. Sci. (Paris), vol. 221, pp. 233-
235; August 20. 1945.) 
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621.386+537.5311:535.34  836 
Absorption Measurements for Broad Beams 

of 1- and 2-Million-Volt X-rays—G. Singer, 
C. B. Braestrup. and H. 0. Wyckoff. (Jour. Res. 
Nat. Bur. Stand. vol. 37, pp. 147-150; August, 
1946.) 

621.396:539.172.4  837 
Electronics at Bikini —D. G. Fink and C. L. 

Engleman. (Electronics, vol. 19, pp. 84-89; 
November, 1946.) A description, with photo-
graphs of the equipment used at the atomic 
bomb tests for recording the geophysical 
phenomena and for examining the effects of 
blast and radiation on radio equipment. 

621.396.029.64:643.33  838 
Radarange for Cooking—(Elearonies. vol. 

19, pp. 178, 180; November, 1946.) Micro-
wave cooking using a magnetron and a horn 
aerial to direct radio-frequency energy into 
food. See also Elec. Eng., vol. 65, p. 591; 
December, 1946. 

621.398  839 
Continuously Variable Radio Remote Con-

trol —(See 682.) 

621.398: 621.6.031  840 
Carrier Supervisory Control of Pumping 

Station Over Power Cable —W. A. Derr, W. A 
Keller, and H. A. W. Hedke. (Trans. A.I.E.E. 
(Elec. Eng. November, 1946) vol. 65, pp. 699-
November, 710; 1946.) 

629.123.1:621.3.013.8  841 
The Magnetic Field of a Ship and Its 

Neutralization by Coil Degaussing —W. C. 
Potts. (Jour. I.E.E. (London), part I, vol. 93, 
pp. 488-495; November, 1946.) Discussion. pp. 
522-524. 

629.123.1:621.3.013.8  842 
The Electrical Engineering Aspect of De-

gaussing —I. S. Fraser, A. A. Read, and B. E. 
Vieyra. (Jour. I.E.E. (London), part I, vol. 
93, pp. 496-507; November, 1946.) Discussion, 
pp. 522-524. 

629.123.1:621.3.013.8  843 
Processes Applied to a Ship to Alter Its 

State of Magnetization —S. H. Ayliffe. (Jour. 
I.E.E. (London), part I, vol. 93, pp. 508-517; 
November, 1946.) Discussion, pp. 522-524. 

629.123.1:621.3.013.8  844 
The Correction of Ships' Magnetic Com-

passes for the Effects of Degaussing—H. C. 
Wassell and D. A. Turner. (Jour. I.E.E. 
(London). part I, vol. 93, pp. 518-522; Novem-
ber, 1946.) Discussion, pp. 522-524. 

PROPAGATION OF WAVES 

534.1+535.131 Huyghen  845 
On Huyghens' Principle —Y. Rocard. (Onde 

Elect., vol. 26, pp. 288-298; July, 1946.) A 
presentation intended to be mathematically 
rigid and physically useful. The derivation of 
Kirchhoff's formula from Green's theorem is 
given and the formula is applied to the simple 
case of acoustical radiation from a monochro-
matic point source. The application to elec-
tromagnetic waves is considered and the radia-
tion from an elementary area dS situated in a 
normal plane wave is discussed in detail and 
the diffracted energy calculated. The case of 
larger obstacles is considered; in particular 
Darboard's method is applied to a doublet at 
the focus of a parabolic mirror. 

538.566:551.4  846 
The Diffraction of Radio Waves Around 

the Surface of the Earth —V. A. Fock. (Pub-
lished as a monograph by the Academy of 
Sciences of the U.S.S.R., Moscow, 1946. 80 
pp. In Russian.) A theoretical treatment of the 
propagation of radio waves round the curved 
surface of the earth for distances short enough 
for ionospheric Influences to be negligible. The 
finite conductivity of the earth is taken into ac-

counts Formulas appropriate to the region 
where the transmitter and the observation 
point are intervisible, and also to the diffraction 
zone are derived, and particular attention is 
paid to the evaluation of the field in the region 
of the 'cut-off' point. 

The work is in agreement with the earlier 
considerations of Weyl and van der Pol, but 
represents an extension of their analyses, par-
ticularly in so far as it permits the determina-
tion of the field produced by ultra-short waves 
just inside the diffraction zone. 

538.566.2+534.222.1  847 
Propagation of Radiation in a Medium with 

Random Inhomogeneities—P. G. Bergmann. 
(Phys. Rev., vol. 70. pp. 486-492; October 1-
15, 1946.) An analysis is given of the propaga-
tion of radiation through a medium whose index 
of refraction varies from point to point or from 
time to time in a random manner. The methods 
of geometrical optics are used to correlate sta-
tistically the variations in optical path length 
and received signal level with the properties of 
the inhomogeneities. The dependence of signal 
fluctuation on range may be predicted without 
a detailed knowledge of the statistical proper-
ties of the medium. The results obtained may 
be applied to the propagation of either electro-
magnetic or sound waves of high frequency in 
the atmosphere. 

551.510.535  848 
High-Power Radio Soundings of the Iono-

sphere —Lejay and Chezlemas. (See 726.) 

621.396.11  849 
Propagation of Electromagnetic Waves in a 

Medium with Nonuniform Electrical Character-
istics and with a Magnetic Field [Thesis, — 
C. T. F. van der Wyck. Drukkerij Waltman 
(A. J. Mulder), Delft, 1946. In Dutch, with 
long English summary. Theoretical analysis of 
the propagation of plane, cylindrical, and 
spherical waves, in a medium with an exponen-
tial variation of electrical characteristics in a 
vertical direction, under the influence of a uni-
form magnetic field. 

621.396.81.029.64:629.13  850 
Effect of Aircraft on Fading—J. W. White-

head. (Wireless Eng., vol. 24, p. 29; January, 
1947.) The type of fading to be expected in 
very-high-frequency ground-based communica-
tion systems due to reflection from an aircraft 
is briefly discussed and illustrations are given. 

621.396.812.029.4/.5:539.172.4  851 
A Note on "The Possible Effect of the 

Atomic Bomb Test at Bikini on Radio Recep-
tion," at about 3.05 a.m. (I.S.T.) on 25th July 
1946—S. P. Chakravarti. (Curr. Se., vol. 15. 
pp. 226-227; August, 1946.) The results of some 
observations taken at Bangalore in the direction 
of Bikini during the test. Reception of atmos-
pherics on a wavelength of 20,000 meters was 
increased; the field of strength of an American 
station on a wavelength of 25.3 meters de-
creased considerably. 

621.396.812.029.64  852 
Propagation of Microwaves—A. de Gou-

venain. (Tout to Radio, vol. 13, pp. 50-52; 
February, 1946.) A survey of general propaga-
tion characteristics, taking account of refrac-
tion, with application to ultra-short-wave link 

calculations. 

621.396.812.3551.510.535  853 
Space-Diversity Reception and Fading of 

Short-Wave Signals—S. S. Bancrjee and G. C. 
Mukerjee. (Nature (London), vol. 158, pp. 
413-414; September 21, 1946.) An account of 
observations on the fading of signals of 16 to 
41-meter wavelength over a 700-kilometer 
path. Occasionally the nature of the fading 
changes from random fluctuations to smooth 
and quasiperiodic variations, according as the 
signals suffer single or multiple reflection in 
the Ionosphere. 
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621.396.96: 523.53"1946.10.09"  854 
Radar Observations during Meteor Show-

ers 9 October 1946 —R. Bateman, A. G. Mc-
Nish, and V. C. Pineo. (Science, vol. 104, pp. 
434-435; November 8, 1946.) A peak pulse 
powerof about 100 kilowatts on 107 megacycles 
was used in tests carried out at the Sterling 
(Virginia) Laboratory of the National Bureau 
of Standards. Observations were both visual 
and photographic. On October 9, 1946, the 
rate of occurrence of radar echoes rose from 
about 8 per hour to 7:30 P. M., 75 degrees west 
mean time, to a peak of over 60 per hour be-
tween 10:30 and 11:30 P.M., the predicted 
time for the maximum intensity of the Draconid 
shower being 10:00 P. M. Cloud prevented 
visual observations. 

RECEPTION 

621.396.62  855 
High Fidelity Receiver —J. C. Hoadley. 

(Radio News, vol. 36, pp. 46-48; November, 
1946.) Construction details. Straight radio-
frequency amplification; infinite impedance 
detector. 

621.396.62:621.317.79  856 
A Signal Tracer —F. Haas. (Tonic La 

Radio, vol. 13, pp. 56-58; February, 1946.) A 
practical instrument for fault finding in re-
ceivers, which enables the signal to be followed 
from the aerial socket to the loudspeaker. 

621.396.62:621.396.619.131.0.15.33  857 
The Theory of Impulse Noise in Ideal Fre-

quency-Modulation Receivers—D. B. Smith 
and W. E. Bradley. (Pitoc. I.R.E. AND W AVES 
AND ELECTRONS, vol. 34, pp. 743-751; October, 
1946.) An analysis is-given of the effect of im-
pulsive noise on an ideal frequency-modulation 
receiver. It is shown that the amplitude and 
wave form of the generated noise are sub-
stantially independent of the amplitude and 
wave form of the initiating noise. One from of 
generated noise is determined largely by the 
characteristics of the audio amplifier and re-
sults from a perturbation of the phase of the 
detector signal, while another and more ob-
jectionable form is produced by the de-em-
phasis circuit when the phase of the detector 
signal is caused to slip one revolution. 

"An operational formula for the ideal de-
tection process is given from which both the 
steady-state and transient solutions of the de-
tection process may be derived." 

621.396.62.029.52/.62  858 
Special-Purpose Receivers for the Range 

50 kc/s to 50 Mc/s —B. Sandel. (A. W.A. 
Tech Rev., vol. 7, pp. 89-93; September, 1946.) 
A brief description of two directly-calibrated 
receivers, covering respectively the ranges 50 
kilocycles to 5 megacycles in six bands, and 
5 to 50 megacycles in eight bands. They were 
used for testing signal generators. 

621.396.621  859 
Murphy A104 —( Wireless World. vol. 52, 

pp. 394-395; December, 1946.) Test report on 
table model receiver for alternating-current 
mains. 

621.396.621  860 
New Communication Receiver—( Wireless 

World, vol. 52, p. 425; December, 1946.) A 
brief description of equipment B40/B41 made 
by Murphy Radio for the Admiralty, consisting 
of two receivers covering the ranges 640 kilo-
cycles to 30.6 megacycles and 14.7 to 720 kilo-
cycles. 

621.396.621.029.5  861 
Some Considerations in the Design of 

Communication Receivers —I. F. Simpson. 
(Electronic Eng., vol. 18. pp. 332-336; Novem-
ber, 1946.) Desirable qualities of self-contained 
and semiportable receivers in the frequency 
range of 130 kilocycles to 30 megacycles are 
considered, and the compromises which have 
been necessary in their development. An ac-

curately calibrated oscillator, stable to within 
± 6 kilocycles at 30 megacycles is the most im-
portant requirement. Sensitivity, automatic-
volume control, noise, selectivity, ease of 
handling, flexibility, spurious response, and 
signal strength indication are also discussed. 

621.396.621.029.54  862 
A Home-Made Midget Receiver—L, G. 

Woollett. (Electronic Eng., vol. 18, p. 352; 
November, 1946.) Employs an internal frame 
aerial, uses ordinary battery-type tubes, and 
is internally powered. Frequency range is 
588 to 1230 kilocycles, and dimensions arc 
4 inches X 4 [inches X 3! inches. 

621.397.82  863 
Television Sound Rejection —Cocking. (See 

922.) 

621.396.822  864 
Noise Factor: Part 1—L. A.  Moxon. 

(Wireless World, vol. 52, pp. 391-393; Decem-
ber, 1946.) A discussion and definition of 
noise factor. It is defined as the number of 
times by which the available signal power 
must exceed K TB, where K is Boltzmann's 
constant, T the absolute temperature, and B 
the 'energy band width,' in order to give unity 
ratio of available signal-to-noise power at the 
input to the detector. 

621.396.822:621.396.671  865 
Study of the Thermal Equilibrium of Wire-

less Aerials —Lehmann. (See 642.) 

621.396.828  866 
Noise Limiters —H, B. Dent. (Wireless 

World, vol. 52, pp. 397-398; December, 1946.) 
The Dickert shunt-type noise limiter and im-
provements of its are described. The noise is 
automatically limited to the strength of the 
carrier instead of to a predetermined level. 
Circuit diagrams are given. 

621.396.-1-621.396.665  867 
Noise and Output Limiters: Part 1—E. 

Toth. (Electronics, vol. 19, pp. 114-119; No-
vember, 1946.) A comprehensive survey, with 
circuit diagrams, of eleven limiting circuits for 
amplitude-modulation communication receiv-
ers, including simple diode circuits, balanced 
detectors, self-adjusting circuits, and degenera-
tive arrangements. Analysis of operation and 
advantages and disadvantages are stated for 
each type of circuit. 

STATIONS AND COMMUNICATION 
SYSTEMS 

621.315.66  868 
New "Microwave Tower" —(Jour. App!. 

Phys. vol. 17, p. 757; September, 1946.) 

621.395:654.05  869 
Intensity Fluctuations in Telephone Traffic 

—C. Palm. (Ericsson Technics, no. 44. pp. 3-
189; 1943. In German.) Three principal sec-
tions: (1) Telephone traffic considered as a 
stochastic  (i.e.. pertaining to conjecture) 
process. (2) Intensity fluctuations as a start-
ing point for the treatment of telephone traffic 
problems. (3) Measurement methods and re-
sults. 

621.396(675) "1939/1945"  870 
Telecommunications in the Belgian Congo 

during the War—A. Huynen. (Bull. Sci. Ass. 
Inst. glectrochn. Montefiore, vol. 59, pp. 247-
262; April-May, 1946.) From October, 1940, 
short-wave transmissions from the Congo sta-
tion at Leopoldville were well received in 
Belgium, as the Germans were unable to jam 
them to any extent. For retransmission of the 
B.B.C. news bulletins in French, a receiver 
was tuned to each of the B.B.C. frequencies, 
thus giving a choice at any time for retrans-
mission under the best possible conditions. 
When the Germans jammed the B.B.C. fre-
quency in use, simple switching arrangements 
gave an instantaneous change to one not being 
jammed. 

621.396.1  871 
Moscow [Telecommunications Conferencej 

—A. L. B. (QST, vol. 31, pp. 25-27; January, 
1947.) Account of the discussions on amateur 
frequency allocations. 

621.396.1.029.62/.63  872 
A Plan for [Improved Frequency Alloca-] 

tion inj the Ten-Meter Band —K. B. W. (QST, 
vol. 30, pp. 26-27, 130; December, 1946.) 

621.396.324  873 
High-Flying Teletype —R. A. Vanderlippe. 

(Bell Lab. Rec.. vol. 24, pp. 396-399; Novem-
ber, 1946.) A lightweight teletype printer with 
an associated converter-conttol unit which 
makes it practicable to send teletype messages 
to and from aircraft in flight. 

621.396.6191.13+.161  874 
Frequency Modulation: Pulse Modulation 

—C. Dreyfus-Pascal. (Touie La Radio, vol. 13, 
pp. 126-128; May, 1946.) A short account of 
a frequency-modulation system of the Federal 
Telephone ad Radio Corporation which en-
ables 24 programs to be transmitted on the 
same carrier wave, together with a synchroniza-
tion signal. The system uses an electronic com-
mutator with 24 elementary pentodes, each of 
which is linked with a particular studio. The 
electronic beam rotates at 24,000 cycles and 
the carrier frequency used is 1300 megacycles. 
See also 239 of February. 

621.396.619.16  875 
Pulse Time Modulation Circuits —(Elec-

ironies, vol. 19, pp. 140, 142; November, 1946.) 
A preliminary description of this Federal Tele-
communication Laboratories equipment was 
given in 2803 of 1945 (Deloraine and Ldbin). 
The transmitter will take eight audio channels 
with fidelity over the audio-frequency range 
50 to 9000 cycles. Its output is approximately 
800 to 1000 watts (peak) and 40 to 50 watts 
(average). This is fed to a vertically stacked 
omnidirectional loop aerial having a gain of 
9 decibels over a dipole. The directive receiving 
aerial has a parabolic reflector, with a gain of 
17 decibels. 

621.396.65  876 
Radio  Relays  for  Telegraphy —F.  B. 

Bramhall. (Elec. Eng., vol. 65, pp. 516-520; 
November, 1946.) Relay towers 20 to 50 miles 
apart will be used in a Western Union triangular 
radio network, New York- Washington-Pitts-
burgh, operating at 4600 megacycles with an 
'audio' width of 150 kilocycles divided into 
1080 teleprinter operating circuits. The absence 
of noise in this band and the heavy traffic makes 
the project economical. 

621.396.7.029.58  877 
World List of Short-Wave Transmitters— 

(Toute La Radio. vol. 13, pp. 118-119; Ma)', 
1946.) A list of the frequencies, call signs, and 
locations of transmitters with frequencies from 
2.5 to 26.55 megacycles. 

621.396.712  878 
Co-operative Two-Station Antenna System 

—L. McManus. (Electronics, vol. 19, pp. 154. 
164; November, 1946.) A system of phrasing 
units and filters permits the simultaneous use 
of two towers as radiators and driven reflectors 
for two broadcasting transmitters at Sher-
brooke, Quebec. 

621.396.712:621.316.9  879 
Protecting Against Carrier Failure —H. G. 

Towlson. (Elec. Ind.. vol. S'. pp. 68-71; 116: 
November, 1946.) "Practical methods of in-
suring against interruptions and loss of broad-
casting time due to lightning and other causes." 

621.396.712.3  880 
New Station Techniques— (Elearonics, vol. 

19, pp. 169, 176; November, 1946.) A sum-
mary of recent developments in B.B.C. studio 
oganization, and of the results of extensive 
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frequency-modulation field trials, abstracted 
from the new journal, B.B.C. Quart. 

621.396.72  881 
Army Broadcasting -P. B. T. (Wireless 

World, vol. 52, p. 414; December, 1946.) Loca-
tion and frequencies of stations used for broad-
casting to the British and American Forces. 

621.396.81.029.64: 629.13  882 
Effect of Aircraft on Fading -Whitehead 

(See 850.) 

621.396.931  883 
Two- Way Radio for Power Line Crews -

(Electronics, vol. 19, p. 123; November, 1946.) 
Photographs of a frequency-modulation trans-
mitter and a mobile receiver. 

621.396.931  884 
Inductive System for Train Communica-

tion -P. N. Bossart. (Telegr. Teleph. Age, vol. 
64, pp. 8-10. 30. 16-19; November, December, 
1946.) For communication between vehicles of 
the same or different trains, or between vehicles 
and wayside stations. At frequencies below 10 
kilocycles the reliable range is of the order of a 
mile if only the rails are used, but can be in-

•  creased up to 30 or 40 miles if adjacent line 
wires are available. Carrier frequencies up to 
100 kilocycles preferably with f requency-
mod ulation,  are  used.  Break-in  schemes, 
power  requirements,  receiver  sensitivities 
squelch systems and channel widths are dis-
cussed. A 'carrytone' portable telephone can be 
provided to enable individuals not necessarily 
in any vehicle, to communicate within the 
system. 

621.396.931  885 
Railroad Radiotelephone Tests on the 

Nickel Plate Road -R. G. Peters. (Com-
munications, vol. 26, pp. 14-16. 34; November. 
1946.) See also 884 and 886. 

621.396.931.029.62  886 
Two-Way V.H.F. Radio in Potomac Yard 

Improves Control of R.R. Operations -(Telegr. 
Teleph. Age, vol. 64, pp. 5-6; December, 1946.) 
Description of tests of a comprehensive very-
h igh-f requency two-way rad ioteleplione nstalla-
tion as a means of improving managerial control 
in the operation of large railway yards. The 
frequency-modulation system included a cen-
tral station transmitter and receiver, five re-
mote control units located at key points, a 
mobile transmitter and receiver on each of two 
steam locomotives, and remote control units on 
their forward platforms and in their cabs. See 
also 885. 

621.396.933  887 
The Radio Equipment Used by the Pilot 

of an Aircraft and the Corresponding Ground 
Installations -S. Gaillard. (A an. Radioilect., 
vol. 1, pp. 333-342; April-July. 1946.) A 
description of airborne and ground apparatus 
developed by the Societe Independante de 
T.S.F. for the communication of landing and 
take-off instructions  between  the  airport 
controller and the pilot. The airborne trans-
mitter (frequency band of 2800 to 6700 kilo-
cycles) works on telegraphy or telephony with 
20-watt aerial power; the receiver requires 
10 microvolt input for 350 milliwatts output 
with a signal-to-noise ratio of not less than 26 
decibels. The ground apparatus is similar but 
is designed for alternating-current mains power 
supply. 

An airborne beacon receiver (200 to 428 
kilocycles) is also described. 

621.396.97.029.62  888 
Against  V.H.F.  Broadcasting -"Radio-

phare." (Wireless World, vol. 52, p. 412; De-
cember, 1946.) The objection to broadcasting 
on frequencies as high as 90 megacycles with a 
service range of only 50 miles is that broad-
casting, if limited to such frequencies, would 
tend to lose its international character. 

• 
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SUBSIDIARY APPARATUS 

531.35: 621.396.619.13: 621-526  889 
A Low Frequency Mechanical Modulator-

B. B. Underhill. (Rev. Sci. Instr., vol. 17, pp. 
280-281; July, 1946.) A medium-speed motor 
drives a flywheel through a continuously vari-
able reduction gear. The motion of the fly-
wheel is converted to s.h.m. by a scotch yoke-
rack and pinion assembly to which a linear 
potentiometer is directly coupled. 

621-526  890 
Linear Servo Theory -R. E. Graham. (Bell 

Sys. Tech. Jour., vol. 25, pp. 616-651; October, 
1946.) "This paper discusses a typical analogy 
between electrical and mechanical systems and 
describes, in frequency-response language, the 
behavior of such common servo components as 
motors, synchro circuits, potentiometers, and 
tachometers. The elementary concepts of fre-
quency analysis are reviewed briefly, and the 
familiar Nyquist stability criterion is applied 
to a typical motor-drive servo system. The 
factors to be considered in choosing stability 
margins are listed: system variability, noise 
enhancement, and transient response. The basic 
gain-phase interrelations shown by Bode are 
summarized, and some of their design implica-
tions discussed. In addition to the classical 
methods, simple approximate methods for 
calculating dynamic response of servo systems 
are presented and illustrated." 

621-526  891 
Electrical Analogy Methods Applied to 

Servo-mechanism Problems -G. D. McCann, 
S. W. Herwald, and H. S. Kirschbaum. (Trans. 
A. I.E.E. (Elec. Eng.. June Supplement, 1946), 
vol. 65, p. 515; June Supplement, 1946.) Dis-
cussion of 1362 of 1946. 

621.314  892 
Operation of a Vibrator. Vibrator Applica-

tions -C. Dreyfus-Pascal. (Toute la Radio, 
vol. 13, pp. 86-88, 89-91; March-April, 1946.) 
A review of the principles of operation, includ-
ing electromechanical rectification, and circuit 
diagrams for various practical applications. 

621.314.2.04  893 
Transformer Theory -P. Bricout. (Coin pt. 

Rend. Acad. Sci. (Paris), vol. 221, pp. 21-22; 
July 2, 1945.) Theory is given which enables 
all necessary calculations to be made for trans-
former design, given the primary and second-
ary voltages, maidmum power, the output, and 
the hysteresis cycle for the laminations on full 
load. 

621.314.63.001.8  894 
Some Applications of Dry Rectifiers -J. 

Girard. (Rev. Gin. Elect., vol. 55, pp. 192-198; 
May, 1946.) An account of the application of 
dry rectifiers to obtain high voltages with low 
or very low currents, moderate voltages with 
moderate currents, and low voltages with high 
currents. Examples are given of equipment for 
central telephone exchanges. Selenium rectifiers 
have recently been designed to give 60,000 
amperes at 6 volts, and currents as high as 
150,000 amperes are envisaged. 

621.314.634  895 
Selenium Rectifiers-J. Loebenstein. (Com-

munications, vol. 26, pp. 26-28; November, 
1946.) Details of design, construction, and 
characteristics. Applications in single and 3-
phase circuits are described. 

621.316.98  896 
Selective Attraction of Lightning: Role of 

Electrical Resistances -S. Szpor. (Rev. Gin. 
Elect., vol. 55, pp. 25-31; January, 1946.) 
Quantitative study of the part played by the 
electrical resistance of projecting points in at-
tracting lightning shows that it rarely has any 
effect. 

621.317.755.087.5  897 
An Automatic Oscillograph with a Memory 

-A. M. Zarem. (Trans. A.I.E. E. (Elec. Eng. 

June Supplement, 1946), vol. 65, p. 514; June 
Supplement, 1946.) Discussion of 2339 of 1946. 

621.318.5  898 
A High-Voltage Vacuum-Sealed Relay -

K. R. Vale. (A. W.A.Tech. Rea., vol. 7. Pp. 95-
101; September, 1946.) The relay was designed 
to be used with aircraft transmitter aerials at 
voltages up to 15 kilovolts (peak) and at a key-
ing speed of 25 words per minute. 

621.318.572:621.396.96  899 
Spark Gap Switches for Radar -F. S. 

Goucher, J. R. Haynes, W. A. Depp and E. J. 
Ryder. (Bell Syst. Tech. Jour., vol. 25, pp. 
563-602; October, 1946.) An account of war-
time development work on rotary and fixed 
switches for use in radar modulators. 

The irregular breakdown of rotary spark 
gaps used with modulator switching voltages of 
less than 20 kilovolts was overcome by irradi-
ating the gap, prior to breakdown, with corona 
produced by a sharp point on the cathode. 

Investigations into the most suitable gas 
atmosphere, electrode material, and gap design 
for use in sealed-off fixed gaps are fully de-
scribedwith particular reference to the methods 
adopted for reducing the effects of sputtering of 
the electrode metals on the gap spacing and in-
sulation. 
Operating characteristics for various types 

of production gaps are given. 

621.325.53:535.61-15  900 
Modulated Arc Lamp-(Electronics, vol. 19. 

pp. 150. 154; November, 1946.) A caesium 
vapor lamp for modulated infrared ray com-
munication in convoy and troop landing opera-
tions. 

621.352.4  901 
Water Activated Cell-(Elec. Ind., vol. 5, 

p. 75; November, 1946.) A primary battery for 
emergency services using silver chloride as de-
pnlarizer and thin magnesium sheet separated 
by highly absorbent paper. It is both light and 
small, has indefinite shelf life in its sealed con-
tainer and is activated by immersion in either 
fresh or sea water. 

621.396.615.17  902 
A Linear Sweep Generator -W. H. Hay-

wood. (Radio News, vol. 36, pp. 78, 84; No-
vember, 1946.) Saw-tooth generator, 1 to 10. 
cycles. 

621.396.622.71  903 
An Unusual Rectifier Circuit-E. E. Com-

stock. (QST, vol. 30. pp. 56-57; November, 
1946.) A combination of the conventional bi-
phase center tap rectifier circuit with an in-
verted form of the same circuit makes four dif-
ferent output voltages available. 

621.396.68:621.385.832  904 
R.F. H.T. Power Supplies for Cathode-Ray 

Tubes -R. D. Boadle. (A. W.A. Tech. Rev., 
vol. 7, pp. 53-57; September, 1946.) Description 
of a 2-kilovolt unit for an electrostatic cathode-
ray tube, and a 4-kilovolt unit for a magneti-
cally deflected and focused tube. The high-volt-
age circuits are enclosed in oil-filled brass or 
copper tanks, with solder-seal glass insulators 

669:621.38/.39  905 
Specialised Metallurgical Products in In-

dustry -(Electronic Eng., vol. 18, pp. 328-331; 
November, 1946.) An illustrated description of 
products now available, including cathode tub-
ing, metal films on glass, silvered mica capaci-
tor packs, and specialized contacts. 

621.327.4  906 
Electric Discharge Lamps [Book Reviewl -

H. Cotton. Chapman and Hall, London, 36s. 
(Engineering, (London), vol. 162, p. 339; Octo-
ber 11, 1946.) 

TELEVISION AND PHOTOTELEGRAPHY 

621.385.832.087.5  907 
A New Film for Photographing the Televi-

sion Monitor Tube-C. F. White and M. R. 
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Boyer. (Jour. Soc. Mot. Pict. Eng., vol. 47. pp. 
152-164; August, 1946.) "A film which is 
specially adapted for photographing images on 
the P-4 monitor tube surface has been pre-
pared. Optical sensitization is adjusted to 
yield peaks of sensitivity with the blue to 
yellow spectral region corresponding to the 
emission of the P-4 screen. Resolving power of 
the film has been found of controlling impor-
tance when used in 16-millimeter size and this 
factor has affected the choice of emulsion for 
this purpose. The film may be employed either 
as a negative or reversed." 

621.385.832.088  908 
C.R. Tube Quality Test —P. L. F. Jones. 

(Electronic Eng.. vol. 18, p. 353; November. 
1946.) Apparatus which injects into a televi-
sion receiver a complete wave form consisting 
of dots of approximately element duration 
separated from the next in the line scan direc-
tion by an equal space. 

621.396.97:535.88  909 
Pre-Television—P.  Toulon.  (route  la 

Radio, vol. 13, pp. 194-195; July-August, 
1946.) An apparatus resembling an epidiascope 
may be used with rolls of paper film giving 
broadcast program pictures, the rolls being cir-
culated each week for the following week's 
programs. Changing of the pictures may be - 
effected by special signals. 

621.397.5  910 
Fundamentals of Television—(Cah. route 

la Radio, no. 5, pp. 16-19; July. 1946.) The 
basic features of television transmitting and re-
ceiving apparatus are described. Interlacing is 
illustrated by an inset paragraph with inter-
laced text. 

621.397.5  911 
Colour Television —J. Vergennes. (Cah. 

Thule la Radio. no. 5, pp. 22-25; July, 1946.) 
Fundamental problems are discussed and a 
short account is given of the main features of 
the C.B.S. system using a set of color screens 
rotated mechanically, and of Baird's special 3-
color tube. 

621.397.5:778.5  912 
The Relation of Television to Motion Pic-

tures —A. B. Du Mont. (Jour. Soc. Mot. Pict. 
Eng., vol. 47, pp. 238-247; September, 1946.) 
A broad discussion of the applications of film 
recording in the television field, on the basis of 
the equivalence " ... film recordings are to 
television what the transcribed program is to 
broadcasting"; and of ways in which the two 
industries could collaborate. 

621.397.5:778.5  913 
Television Reproduction from Negative 

Films —E. Meschter. (Jour. Soc. Mot. Pict. 
Engrs., vol. 47, pp. 165-181; August, 1946.) 
"The expected reproduction characteristics are 
examined for the cases where film is included as 
one step of the television process. Features of 
performance to be expected from both nega-
tives and prints as image sources are predicted 
from average characteristics of elements of the 
television system. A dynamic test procedure for 
the investigation of the over-all reproduction 
curve involving film and television is described. 
Actual tests confirm the theoretical prediction 
that a negative film with a rising shoulder char-
acteristic may provide superior television im-
ages." 

621.397.6  914 
Projection Television—(Electronics. vol. 19, 

pp. 212-216; November, 1946.) A description 
of (a) a German lens system for projecting and 
enlarging phosphorescent images (U.S. Patent 
2,229.302). and (b) a system using trans-
mission screens of zinc blende as optical polar-
izing gates controlled by a scanning electron 
beam (U. S. Patents 2,277,008 and 2,297,443). 

621.397.6  915 
High-Definition Television Equipment — 

R. R. Cahen. (Cah. Tonic la Radio, no. 5, pp. 
14-15; July, 1946.) The special features and 
general layout of an 829-line television equip-
ment with an amplifier pass band of 15 mega-
cycles; the equipment includes telecinema ap-
paratus with an iconoscope. 

621.397.61: 621.317.75:621.396.619  916 
Test Oscilloscope for Television Stations— 

Brolly and Brock. (See 808.) 

621.397.611:621.383  917 
Theory of the Iconoscope —R. Barthelemy. 

(Compt. Rend. Acad. Sc., (Paris), vol. 221, pp. 
245-247; August 27, 1945.) Summarizes the 
results of a year's work with the object of recon-
ciling theory add practice. It appears that the 
simultaneous existence of a state of equilibrium 
and an appreciable potential drop between the 
front and back of the moving beam can only 
be caused by the action of space-charge. 

621.397.611.2+771.53+535.736.1  918 
A Unified Approach to the Performance of 

Photographic Film, Television Pickup Tubes, 
and the Human Eye —A. Rose. (Jour. Soc. 
Mot. Pia. Eng., vol. 47, pp. 273-294; October, 
1946.) "The picture pickup devices—film, tele-
vision pickup tube, and eye—are subject 
ultimately to the same limitations in perform-
ance imposed by the discrete nature of light 
flux. The literature built up around each of 
these devices does not reflect a similar unity of 
terminology. The present paper is exploratory 
and attempts a unified treatment of the three 
devices in terms of an ideal device." In this 
ideal device scene brightness is proportional to 
the square of the signal-to-noise ratio and in-
versely proportional to the picture element 
area and to quantum efficiency. 

621.397.62  919 
Pye Television Model B 16T —( Wireless 

World, vol. 52, pp. 403-407; December. 1946.) 
Test report and full circuit diagram. 

621.397.62:621.392  920 
The Choice of Transmission Lines for Con-

necting Television Receiving Aerials to Re-
ceivers —Strafford. (See 633). 

621.397.645  921 
Video Amplifier H.F. Response: Part 3— 

(See 681.) 

621.397.82  922 
Television Sound Rejection —W. T. Cock-

ing. (Wireless World, vol. 52, pp. 417-421; De-
cember, 1946.) The various forms of rejector 
and acceptor circuits used in avoiding interfer-
ence between the sound and vision channels are 
fully analyzed and their effect on the main 
intertube coupling is discussed. 

621.397.82  923 
Television Fading—G. T. Clack. (Electronic 

Eng., vol. 18, p. 353; November, 1946.) Sug-
gestions to reduce the effects of fading in tele-
vision receivers due to reflections from aircraft 
by introducing alternating-current coupling to 
the cathode-ray tube. 

621.397.5  924 
Television  Simplified (Book Review1— 

M. S. Kiver.  D. Van Nostrand Co., Inc., 
New York. N. Y., 1946, 369 pp., $4.75. (Pgoc. 
I.R.E. AND WAVES AND ELECTRONS. VOI. 34, 
p. 772; October, 1946.) 

TRANSMISSION 

621.385+621.396.694  925 
The VT-127-A in Amateur Transmitters— 

G. L. Davies. (QST, vol. 30. pp. 33-37, 132; 
November, 1946.) Operating data and con-
structional details for using these tubes in a 
144-megacycle transmitter both as the doubler 
tube and in push-pull as the final amplifier. 

Operation at audio and low frequencies is also 
suggested. 

621.396.61 +538.561  926 
Electric Signals with Rectangular Fre-

quency Spectrum —P. Boughon and P. Jac-
quinot. (comp. Rend. Acad. Sci. (Paris), vol. 
222, pp. 1476-1478; June 24, 1946.) An experi-
mental and theoretical study of the production 
of oscillations having a uniform distribution of 
energy over the band A N, and negligible 
energy outside this band. The theoretical form 
of such oscillations is 

f(t) =- Eo cos 2r Not [(sin rti  NI) 
where No is the mid frequency. A modulation 
voltage proportional to (sin TA NO/TA NI was 
obtained by rotation of a disk in front of a 
photoelectric cell with a window, so that the 
height of the window uncovered varied as 
a+(sin  NI)/TA NI. The voltage from the 
cell was applied to a symmetrical modulator, 
balanced so as to eliminate the constant term a. 
The bandwidth could be varied at will by alter-
ing the speed of the disk. 

621.396.61  927 
New Transmitter for Amateur Radio —W. 

Bruene and N. Hale. (Radio Vews, vol. 36. pp. 
39. 111; November, 1946.) A general account 
of the Collins 30-kilocycle transmitter. 

621.396.61.029.5  928 
200 Watt All-Band Transmitter—H. D. 

Hooton. (Radio News, vol. 36, pp. 40-43. 134; 
November, 1946.) An easily constructed unit. 
with either crystal or variable-frequency-oscil-
lator control for the 10-, 20-, 40-, and 80-meter 
bands. 

621.396.61.029.56/.58  929 
Single Control in the Bandswitching Trans-

mitter —J. H. Harms. (QS T, vol. 30, pp. 19-25. 
128; December, 1946.) "A 3.5 to 30 megacycle 
exciter with broad-band driver circuits... 
well within the electrical and mechanical capa-
bilities of the ordinary amateur." 

621.396.61.029.56/.58  930 
What  About  the  BC-375-E? —R.M.S. 

(QS T. vol. 30, pp. 38-42, 148; December, 1946.) 
A U. S. Army aircraft transmitter, using a 
MOPA circuit, producing 45 to 75-watt output 
over a frequency range including the 3.5- and 
7-megacycle amateur  bands.  Considerable 
modifications for satisfactory amateur use 
would be necessary. 

621.396.619.13/.14  931 
A New Phase-Modulation Circuit for Nar-

row-Band F.M. Transmission —J. J. Babkes. 
(QST, vol. 31, pp. 11-15; January, 1947.) The 
circuit described uses crystals in the 3625 to 
3712-kilocycle range and, after eight-fold multi-
plication, will produce a frequency swing of 10 
to 12 kilocycles at 29 megacycles. The power 
output is about 3.5 watts. 

621.396.619.13  932 
Narrow-Band F. M. with Crystal Control — 

G. W. Shuart. (QST, vol. 30, pp. 27-29; No-
vember, 1946.) Design and construction of a re-
actance modulator with crystal controlled oscil-
lator, forming a narrow band frequency-modu-
lation system. With a 3.5-megacycle AT-cut 
crystal there is a total frequency swing of 
3200 cycles at 28 megacycles. 

621.396.619.2:534.78  933 
Let's Not Overmodulate —It isn't Feces-

saryl— J. W. Smith and N. H. Hale. (QST, 
vol. 30. pp. 23-26; November, 1946.) De-
scribes the use of speech dipping and filtering 
tor more effective communication. 

621.396.828.018.3  934 
Keeping Your Harmonics at Home—G. 

Grammer. (QS T, vol. 30, pp. 13-19; November, 
1946.) "A discussion of the factors in harmonic 
generation and radiation." 
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VACUUM TUBES AND THERMIONICS 

621.38  935 
Flicker Effect -A. Blanc-Lapierre. (Conipt. 

Rend. Acad. Sci., (Paris) vol. 221, pp. 375-377; 
October 1, 1945.) Schottky attributes the ef-
fect to random modifications of the emissive 
property of the cathode due to fluctuations in 
the number of atoms adsorbed at its surface, but 
Surdin (3586 of 1939) has shown that the ef-
fect can also be explained by fluctuations of 
the number of free electrons in the metal, so 
that it is related to the Bernamont effect. The 
two points of view lead to equivalent mathe-
matical hypotheses. 

621.385: 537.291  936 
Deflected Beam Valves for Ultra High Fre-

quencies-M. R. Gavin and G. W. Warren. 
(G.E.C. Jour., vol. 14. pp. 97-104; August, 
1946.) The theory of transverse control of an 
electron beam is investigated, at frequencies 
where the electron transit times are comparable 
with the period of the alternating field. A gen-
eral expression is derived for the high-frequency 
sensitivity of deflection control tubes and from 
considerations of energy of the electrons the in-
put resistance is deduced. In both these respects. 
deflection control tubes compare favorably 
with grid control tubes, but high shot-noise 
level makes them inferior to modern high-fre-
quency triodes as amplifiers of very small sig-
nals. A brief description is given of tubes de-
signed for frequencies up to 750 megacycles. 

621.385:621.396.645.029.5  937 
Characteristics of Vacuum Tubes for Radar 

Intermediate Frequency Amplifiers -G. T. 
Ford. (Bell. Syst. Tech. Jour., vol. 25, pp. 385-
{07; July, 1946.) The important factors are 
merit bandwidth, noise figure, input conduct-
ance, constancy of capacitances. power con-
sumption and physical size. The effect of tube 
geometry on transconductance and electrode 
capacitances is considered in detail for an 
idealized plane structure. The close spacing 
used ensures that any limitations due to input 

' • conductance is due to lead inductance rather 
than to transit time effects. The cathode emis-
sion and the tube geometry of the Western 
Electric 6AK5 (described in detail) are such 
that a noise figure of 2.8 may be obtained at 60 
megacycles with a bandwidth of 10 megacycles. 

621.385.029.63/.64  938 
Wideband Microwave Amplifier Tube -

F.R. (Electronics, vol. 19, pp. 90-92; Novem-
ber, 1946.) For another account, see 585 of 
March. 

621.385.032.24  939 
Certain Electrostatic Properties of Grid 

Electrodes-V. S. Lukoshkoff. (Bull. Acad. Sci. 
(U.R.S.S.) sir. phys., vol. 8, no. 5, pp. 243-247; 
1944. In Russian.) A conception of an ideal 
grid with an infinitely fine mesh is introduced, 
and a general theory applicable to grids of all 
shapes and structures in conjunction with 
neighboring electrodes developed. The electro-
static field is regarded as made up of two fields, 
the 'far' field determined by the shape of the 
grid and of the neighboring electrodes, and the 
'near' field similar in its structure to that of the 
grid. Using these conceptions, and referring to 
his previous work (3394 of 1936), the author 
considers the triode to which all other multi. 
electrode types can be reduced. In all classical 
theories of the triode it is assumed that the 
field at the cathode is the same as it would be 
were the grid replaced by a whole electrode of 
the same shape and having a potential U6 
related to the grid potential U9 in accordance 
with formula (1). Thus the triode is reduced 
in effect to a diode in order to determine the 
cathode field. The main problem of this analy-
sis becomes the question whether such a reduc-
tion can be used with any type of triode. It is 
concluded that such a reduction is justifiable 
only under the following two conditions: (a) the 
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shape of the grid should be co-ordinated with 
that of the other two electrodes, and (b) the 
structure and shape of the grid should also be 
co-ordinated. Further possible developments of 
the analysis are also given. 
An abstract in English was noted in 2397 of 

1946. 

621.385.1+621.396.694  940 
Analysis of Intermittent Discharges in 

Valves -J. Moussiegt. (Compl. Rend. Acad. 
Sci., (Paris). vol. 222. pp. 1280-1282; May 27, 
1946.) An explanation of the intermittent na-
ture of the discharge in a tube, across which is 
connected a capacitance above a certain mini-
mum value, is based on the fact that a portion 
of the voltage versus current characteristic has 
a negative slope. 

621.385.1  94 I 
Current Maximum in Intermittent Func-

tioning of Discharge Tubes-J. Moussiegt. 
(Conipt. Rend. Acad. Sci., (Paris), vol. 222, pp. 
1479-1480; June 24, 1946.) A systematic study 
of a commercial neon tube containing some 
argon. A linear relation is shown to exist be-
tween the reciprocals of the current maximum 
and the parallel capacitance. See also 940 above. 

621.385.1.032.216  942 
Ocide Coated Cathode Literature, 1940-

1945 -J. P. Blewett. (Jour. Appt. Phys., vol. 
17, pp. 643-647; August, 1946.) A brief survey 
with an annotated bibliography. 

621.385.1.032.216  943 
The Pulsed Properties of Oxide Cathodes-

E. A. Coomes. (Jour. Appi. Phys., vol. 17, pp. 
647-654; August, 1946.) A survey of experi-
mental results. Large electron currents are 
available in microsecond pulses. Sparking, 
which may be either current limited or voltage 
limited, and pulse temperature rise depend on 
cathode materials and life; pulse temperature 
rise also indicates the nature of cathode resist-
ance. Pulsed data also provide evidence for a 
layer structure of the oxide cathode. 

621.385.1.032.216: 537.13  944 
Some Cases of Interaction Between Posi-

tive Ions and Metallic Surfaces -Morgulis (See 
744.) 

621.385.1.032.216:621.386.1  945 
A Study of Oxide Cathodes by X-Ray Dif-

fraction Methods: Part 2-Oxide Coating 
Composition -A.  Eisenstein.  (Jour.  A ppi. 
Phys., vol. 17. pp. 654-663; August, 1946.) An 
investigation of the time changes occurring in 
oxide cathode coating composition. Lattice 
constant measurements are used to detect 
changes in the bulk of the coating and a new 
method of diffraction pattern analysis gives 
variation of composition with depth below the 
surface. The effect on the thermionic emission 
of changes in BaO-Sr0 composition, which de-
pends on the base metal used, is discussed. For 
part I, see 3811 of January; see also 943 above 
and 946 below. 

621.385.1.032.216: 621.386.1  946 
Studies of the Interface of Oxide Coated 

Cathodes-A. Fineman and A. Eisenstein. 
(Jour. Appt. I hys., vol. 17, pp. 663-668; 
August, 1946.) X-ray diffraction patterns show 
the existence of a crystalline 'interface' com-
pound between the base metal and the oxide 
coating of the cathode. This 'interface' has an 
anomalous resistance to microsecond pulse cur-
rents, whose value, measured with imbedded 
probes, is shown as a function of peak current 
for various operating temperatures. See also 
945 above. 

621.385.16  947 
The Donutron-F. H. Crawford and M. D. 

Hare. (Electronics, vol. 19. pp. 200, 204; No-
vember, 1946.) Abstract with drawings of an 
unpublished report by F. H. Crawford and 

M. D. Hare of Harvard University on a tun-
able squirrel cage magnetron having an output 
of 50 watts at 45 per cent efficiency operating 
in the re-entrant line mode over a frequency 
range of 1 to 1.5 at a single anode voltage. 

621.385.16  948 
The Internal Mechanism of the Magnetron 

-J. Voge. (Onde Elect., vol. 26, pp. 345-354 
and 374-386; August-October, 1946.) The 
steady-state conditions in a nonoscillating 
magnetron are first considered: the importance 
of taking into account the initial velocity of the 
electrons is stressed. For voltages up to a value 
somewhat exceeding the critical potential, 
cardioid and spiral trajectories are possible. 
Reasons are advanced suggesting that the lat-
ter type occurs in practice. At higher potentials 
the cardioid type alone is obtained. 
The processes involved in an oscillating 

magnetron are considered in part 2. Formulas 
are obtained for the frequencies of the possible 
modes of oscillation, in terms of the magnetic 
field and number of anode segments. The in-
ternal impedance of the magnetron is also cal-
culated. Finally, theory and experiment are 
compared. 

621.385.3:621.396.694.012.8  949 
Theory of the Equivalent Diode -G. B. 

Walker. (Wireless Eng., vol. 24, pp. 5-7; Janu-
ary, 1947.) A new method, based on elec-
trostatic considerations, is suggested whereby 
the equivalent diode can be uniquely deter-
mined whatever the emission velocity may be. 

621.385.38  950 
The Parallel Operation of Gasfilled Triodes 

- G. Windred. (Electronic Eng., vol. 18, pp. 
337-338, 357; November, 1946.) By operating 
thyratrons in parallel, increased anode currents 
may be obtained. In some cases two small tubes 
can be more economical than one larger one. 
Failure of one tube may cause overloading of 
the other. A tube replacement technique if 
suggested whereby a faulty tube may be re-
placed without interrupting the operation of 
the circuit. Possible methods of ensuring the 
simultaneous striking of both tubes are dis-
cussed. 

621.385.38  951 
Extending  Thyratron  Life -(Electronics, 

vol. 19. pp. 210, 212; November, 1946.) Ab-
stract of a report by H. W. Gerlicher of Evans 
Signal Laboratory. The loss of hydrogen due to 
absorption by nickel parts of the tube is made 
good by placing within the, envelope a heated 
capsule of titanium hydride powder. 

621.385.4/.5  952 
Tetrode  versus Pentode -L. Chretien. 

(Toute la Radio, vol. 12, pp. 2-4. 8; December, 
1945.) The characteristics of both tubes are 
reviewed, and it is concluded that the tetrode 
gives better performance for power amplifica-
tion. Push-pull arrangement of tetrodes is 
advocated, in order to eliminate harmonica of 
even order. 

621.385.41  953 
Spontaneous Fluctuations in a .Double-

Cathode Valve -D. K. C. MacDonald. (Wire-
less- Eng., vol. 24, p. 30; January, 1947.) At low 
temperatures (1900 to 2000 degrees Kelvin) 
the ratio # of the 'fluctuation temperature' to 
the true temperature approximates to unity. 
The rapid rise of # at higher temperatures is 
difficult to explain in terms of positive ion emis-
sion. 

621.385.82.029.3:621.395.61  954 
High Power Thermionlc Cell Using Posi-

tive Ion Emission and Operating in a Gaseous 
Medium-S. Klein. (Comp:. Rend. Acad. Sci., 
(Parts), vol. 222, pp. 1282-1284; May 27, 
1946.) Another account of the cell described 
in 593 of March. 
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621.396.615.142  955 
Lens Effect of Alternating Fields In Veloc-

ity Modulated Valves—P. Guenard. (Ann. 
Radiotlect., vol. 1, pp. 319-323; April-July, 
1946.) In a velocity-modulated tube. the elec-
tric field across the gap in the modulating elec-
trode (buncher) produces a 'lens' effect, so that 
an incident parallel beam of electrons is not 
only bunched (the normal velocity modulation 
effect) but becomes alternately convergent and 
divergent. The effect is computed for the case 
of small applied fields. 

621.396.615.142.2  956 
The Theory of the Monotron —S. Gvoz-

dover and V. Lopukhin. (Zh. Eksp. Teor. Fir., 
vol. 16, no. 6, pp. 528-536; 1946. In Russian, 
with English summary.) Resonant frequencies, 
the amplitude of stationary vibrations, the 
efficiency, and the minimum current required 
for excitation are determined for the monotron. 
The monotron is a single-circuit klystron 
whose operation is based on the fact that nega-
tive impedance can be produced by passing an 
electron discharge between two parallel planes. 
The original theory of J. J. Miler (406 and 
1010 of 1942) and F. 13. Llewellyn (3155 of 
1939) is elaborated. 

621.396.69: 389.6  957 
Why  New  Valves? —F.  C.  Connelly. 

(Murphy News, vol. 21, Supplement, pp. 8-10; 
December, 1946.) A description of the new 
B8A standard type of tube base and compari-
son with former types. 

621.396.69:389.6  958 
Valve Standardization —(See 980.) 

MISCELLANEOUS 

001.3  959 
The Cultural Understanding and Apprecia-

tion of the Scientific Approach —R. H. Oje-
mann. (Science, vol. 104, pp. 335-338; October 
11, 1946.) Information is presented which ap-
pears to show that the vast majority of the pop-
ulation grow up with little real understanding 
of scientific principles and methods, or of the 
function of research in a democratic society. 
Causes of this situation are suggested; adequate 
support for research projects is unlikely unless 
it can be remedied. 

001.4  960 
ji is Overworked —"Cathode Ray." (Wire-

less World, vol. 52, pp. 364-365; November, 
1946.) Many examples are quoted of different 
and inconsistent uses of µ. It is suggested that 
'A' for 'micro-' should be used with discretion 
especially in magnetic formulas, and that 'um' 
should be replaced by 'p' ('pico-'). 

001.89  961 
Recommentations of the Royal Society 

Empire Scientific Conference —(Sci. Culture, 
vol. 12, pp. 117-124; September, 1946.) For 
another account, see 3828 of January. 

001.891  962 
Research and the Smaller Firm in Britain— 

(Nature, (London). vol. 158, pp. 638-639; 
November 2, 1946.) Report of conference 
arranged by the Manchester Joint Research 
Council. Small firms were anxious to develop 
their own lines of research. 

029:62  963 
Documentation in Engineering—M. Doti. 

cet. (Tech. Wet. Tijdschr., vol. 15, pp. 27-31; 
April-May, 1946.) A central reference serv-
ice should be founded to provide research 
workers and practical engineers with all avail-
able information on any particular subject. 
Collaboration with existing institutions is em-
phasized. 

029:778.142  964 
Document Copying on Microfilm—( Na-

ture (London), vol. 158, p. 579; October 26, 
1946.) The importance of photographic copy-
ing is stressed, and attention is called to a new 
document-recording camera and  microfilm 
reader made by W. Watson and Sons. See also 
2409 of 1946 (Moholy). 

5+61 "1939/45"  965 
The Scientist in War Time —E. V. Apple-

ton. (Proc. Inst. Mech. Eng., vol. 154. no. 3, 
pp. 303-316; 1946.) The thirdy-second Thomas 
Ilawksley lecture. For another account. see 
2420 of 1946. 

519.283  966 
Statistical Methods in Quality Control: 

Part 11 —Statistical Tests of Significant Dif-
ferences—A.I.E.E. Subcommittee on Educa-
tional Activities. (Elect. Eng., vol. 65, pp. 466-
468; October, 1946.) Discusses the statistical 
interpretation of limited experimental tests. 
For previous parts. see 2422 and 2423 of 1946 
and back references. 

531.715.1:531.717.1:539.23  967 
Measurement of Thickness of Thin Films 

A. F. Gunn and R. A. Scott. (Nature (London) 
vol. 158, p. 621. November 2, 1946.) The film is 
applied over a portion of a sheet-glass plate so 
that it has an abrupt edge, and the whole 
surface is coated with a thin layer of silver; 
this is placed in contact with a similarly sil-
vered glass plate. Interference fringes are 
formed by multiple reflection. 

533.45:629.13.052  968 
Barometric Measurement of Height in Avi-

ation —K. Ramsayer. (Arch. Tech. Messen, 
pp. T61-62; June. 1940.) A brief account of 
aneroid barometers for height measurement in 
aircraft, with a detailed tabular analysis of 
causes of error. 

538+5311.081:621.39.012.8  969 
Electrical and  Mechanical  Analogies — 

E. B. Ferrell. (Bell. Lab. Rec., vol. 24, pp. 
372-373; October, 1946.) A list is drawn up of 
quantities which play analogous parts in elec • 
trical, mechanical, and rotational problems 
respectively. The method of analysis by anal-
ogy has been successfully used to solve prob-
lems concerning recording and loudspeaking 
systems, relays, and servomechanisms. 

538.3:001.5  970 
The Use of Analogies—G. W.O.H. (Wire-

less Eng., vol. 24, pp. 1-3; January, 1947.) A 
defense of the use of analogies in teaching the 
theory of electromagnetism. "The obvious way 
of explaining new and intangible concepts is by 
means of familiar and tangible concepts." 

621.3.016.25  971 
The Sign of Reactive Power—A.I.E.E. 

Standards Committee. (Elec. Eng., vol. 65, 
pp. 512-516; November, 1946.) Some examples 
are quoted to support the contention that in-
ductive reactive power should be considered 
positive. 

621.365  972 
Electronic  Heating  Conference--(Eler-

Ironies, vol. 19. PP. 184, 190; November, 1946.) 
Held at San Francisco. The main subjects dis-
cussed were baking of foundry cores, and radio-
frequency sterilization of food. 

621.386.86  973 
Invisible Industrial Hazard —S. R. Warren. 

Jr. (Elec. Eng.,vol. 65, pp. 499-507; November. 
1946.) Excessive exposure to X-rays and gam-
ma-rays can cause bodily harm months or 
even years later. As these rays are invisible. 
the urgent necessity is emphasized of warning 

workers of the danger, and providing adequate 
Protection. 

621.3h9e6  974 
The Radio Radio Work of Joseph Bethenod— 

L. Bouthillon. (Ann. Radioilect., vol. I, pp. 
279-292; April-July. 1946.) A lecture given 
to the Societe des Radioelectriciens to com-
memorate the work of Joseph, Bethenod, a 
former president of the society. 

621.396.001.6  975 
Research and Development in Radio Tech-

nology—R. A. Collacott. (Electronic Eng., 
vol. 18, pp. 287 -288; September, 1946.) 

621.396/397).6.004.67  976 
Civic Radio Service —(Elect. Rev. (London). 

vol. 139, p. 944; December 6, 1946.) Fulham 
Electricity Department will sell and service 
radio and television equipment, "a decision 
which has been followed by a number of other 
municipal undertakings." 

621.396.615.14,  977 
The New Technique of Ultra-Short Waves 

-A.-V.-J. Martin. (Toute to Radio, vol. 13, 
pp. 153-156; June, 1946.) The evolution is 
traced from the Barkliausen-Kurz oscillator 
up to cavity magnetrons, klystrons. and rhuin-
ba t rons. 

621.396.69:389.6  978 
Some Aspects of Standardisation in Radio 

—T. R. W. Busliby. (Proc. I.R.E. (Australia), 
vol. 7, pp. 15-20; October, 1946.) National 
and international organizations concerned with 
standardization are specified. The advantages 
are stressed of using only sizes of components 
belonging to a preferred numbers series, and 
of specifying the standard deviation and the 
number of observations as well as the mean 
value when testing batches of similar com-
ponents. The correct use of technical terms is 
important. 

621.396.69:389.6  979 
Commercial Standardisation— (Tech. Bull. 

Radio Component Mfrs'. Fed., vol. 1. pp. 5-6; 
August. 1946.) A survey of the constitution and 
activities of th e technical panels of the Fed-
eration, giving details of the draft recommenda-
tions for standardization of certain com-
ponents. 

621.396.69:389.6  980 
Valve Standardinaion—( Wireless World. 

vol. 52, p. 375; November, 1946.) Although 
discussion is still proceeding on standard tube 
types, tentative agreement has been reached 
that most tubes will have a new small eight-
pin base (type B8A) with a central spigot and a 
locating boss. For large-bulb tubes, a base of 
type 13/313 will be used. Any further changes 
will be of a minor character. See also Elec-
tronic Eng., vol. 18, p. 327, November, 1946. 

621.396.69:389.6 981 
Why New Valves?  Connelly (See 957.) 

621.396.96:001.4  982 
What Is Radar?  "Cathode Ray." (See 

740.) 

5+61:41.3=00  983 
Dictionary of Science and Technology 

(Book Reviewl —M. Newmark. Pitman, Lon-
don, 386 pp., 30s. (Jour. Sci. Inst., vol. 23, 
p. 219; September, 1946.) Intended for use in 
the fields of chemistry, physics, and engineer-
ing. The French. German, and Spanish lan-
guages are covered. 

51  984 
The Mathematical Discoveries of Newton 

1Book Reviewl —H. \V. Turnbull. Blackie. 
London, 1945, 68 pp., 5s. (Beama Jour., vol. 
53, p. 330; September, 1946.) 
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to 20 MC) and the 204TS (20 KC to 500 KC) is useful in 
Development Laboratories, Production Testing or on the 
service bench. In short, wherever fast accurate alignment 
is necessary. 

A matching oscilloscope is also available in a separate cabi-
net or installed with either VISALGEN in a single cabinet. 
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456 CONCORD AVENUE  • CA MBRIDGE 38, MASSACHUSETTS 

I PROCEEDINGS OF THE I.R.E.  April, 1947 



iliVIREConrentioR 

Western Electric 
10 KW  VIlE  design FM Transmitter 

Western Electric's new 10 kw FM transmitter 
is still the talk of broadcasters who saw it at 
the recent I.R.E. Convention. 

Its sleek, business-like appearance, with 
full length glass doors and an unobstructed 
view of all tubes, caught their eye—but they 
were even more impressed by its technical 
characteristics and operating advantages. 

Particularly, they likecLits low intermodula-
tkm and low harmonic distortion, its Synchron-
izer for precise frequency control, and its Arc-

Back Indicator, a new circuit for quick and 
accurate location of a faulty mercury vapor 
rectifier tube. 

Western Electric's complete line of TRANS. 
VIEW design FM transmitters will range 
from 250 watts to 50 kw. For full information, 
call your local Graybar Broadcast Repre-
sentative or write to Graybar Electric Co., 
420 Lexington Avenue, New York 17, N. Y. 
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ATLANTA 

'High-FreQuency Heating,' by E. S. Lammers, 

Westinghouse Electric Corporation; January 24. 

1947. 
BOVVALO-NIAGARA 

'A Few Special Developments, • by E. D. 
Cook. General Electric Company; February 19, 

1947. 
Davrox 

'Theory, Operation and Application of Cath-
ode-Ray Oscillographs,' by E. G. Nichols, Allen 

B. Dumont Laboratories; February 13, 1947. 

LONDON ONTARIO 

'Electronics in the Navy,' by H. G. Burchell, 
United States Navy; January 10. 1947. 

'Radio Parts Manufacturing in Europe.' by 
J. R. Longstaffe, J. R. Longstaffe Company; Febru-

ary 17, 1947. 
Los ANGELES 

'Navigational Marine Radar." by W. U Dent. 

Westinghouse Electric Corporation; February 18. 
1947. 

M ONTREAL 

'Air Navigation and Traffic Control.' by H. 

K. Morgan. Bendix Radio, Division of Bendix Avia-
tion Corporation; February 5, 1947. 

NORTH CAROLINA-VIRGINIA 

'Teleran-Air Navigation and Traffic Control 
by Means of Television and Radar.' by D. H. 

Ewing. Radio Corporation of America; January 24. 
1947. 

OTTA WA 

'Some  Practical  Considerations  on  Com-

munications in the 30- Megacycle to 10,000- Mega-
cycle Regions," by J. B. Knox, Radio Corporation of 

America Victor Company; February 20, 1947. 

PHILADELPHIA 

•  'The Philadelphia Urban Mobile Radiotele-

phone System. • by A. P. Godsho, Bell Telephone 

Company; February 5. 1947. 

SAN DIEGO 

'Electronics In Our Modern World,' by L. E. 
Reukema, University of California; February 10, 
1947. 

TORONTO 

'FM Broadcasting in Canada,' by J. A. 
Ouimet, Canadian Broadcasting Corporation; Feb-
ruary 4, 1947. 

'The Differential Analyzer, • by F. C. Carter, 
University of Toronto; February 24, 1947. 

'Wide-Band video Amplifiers.' by R. H. 
Duncan, University of Toronto; February 24, 1947. 
'Atomic Power,' by B. Stoicheff, University of 

Toronto; February 24. 1947. 

W ASHINGTON 

'Coaxial Cable Network and Application to 
Te evislon Transmission,' by V. B. Bagnall. Amen. 

can Telephone and Telegraph Company; February 

10, 1947. 

The following transfers and ad missions 
were approved March 2, 1947 to be effec-
tive as of April 1 1947: 

Transfer to Senior Member 
Albert, A. L., 2853 Jackson St , Corvallis, Ore. 
Bertram, S.. 703 -30 Ave., Apt. H.. Seattle 22, 

Wash. 

(Continued on page 38A) 
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Hi- 0 

OTHER 

WIRE 
W OUND 
RESISTORS 

FEED-THRU & 
STAND- OFF 
CAPACITORS 

General purpose capacitors adequately 
meet the requirements of small AC-DC 
sets. Their reliable performance and long 
life make them especially desirable in 
applications where other types of more 
expensive units must be replaced. In ad-
dition HI-Q general purpose capacitors 
avoid aging and comparable reduced 
performance. 

We shall be glad to submit samples for 
your examination. 

COMPONENTS 

CH OKE 
COILS ',.,0%11110411411111Wamitel • 

H C ak  AL i ELECTRIC  REACTANCE 
C O R P O R A T I O N 

FRA N KLI N VILLE, N. Y. 
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THIS TI ME BOTH 

DAVID A ND GOLI ATH 

HAD TO WI N 

Wherever the Circuit says 11. 

In almost any business, how to handle both large and 

small orders with equal dispatch is a problem. 

At least that's the way it was in our industry (resistors) 

until January 1, 1946. On that day—after months of 

observation, we introduced the IRC Industrial Service 

Plan. Minimum orders for nearly all IRC Standard 

Resistors can now be obtained from the well-stocked 

shelves of local independent electronic parts distributors. 

No time lost when you need experimental or maintenance 

quantities in a hurry. No production runs held up by 

small orders at the factory. Consuming manufacturer, 

distributor and ultimate user all benefit. 

*An unpretentious booklet 
containing the essence of the 
IRC Industrial Service Plan 
is availabl2 upon request. 
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I Power Resistors i . . _ .  . . on Short I I I 

i Delivery Cycle 1 .  II 1.- ------_,....,........, MMMMM --- iNi NB _ 
111 

Whatever your needs in power resistors there's an 
1RC resistor to do the job ... readily available fors 
immediate delivery. Four types of powei wire wound 
resistors ... each particularly suited to certain circlit 
or design applications ... all unexcelled in esseikial 
electrical and mechanical characteristics ... pr vide 
proven solutions to voltage dropping pr  lems 
where power dissipation is necessary. Write  r com-
plete information regarding specifications,i  iaracter-
istics and delivery, stating products n hich you 
are interested. International Resistance" Company, 
401 N. Broad Street, Philadelphia 8, Vennsylvania. 
In Canada: International Resistance ginnpany, Ltd., 
Toronto, Licensee. 

V 
111 

For exacting heavy-duty applications. Tubular power wire 
wounds of extreme mechanical strength. Available in two 
coatings for high temperature or high humidity conditions. 

Fixed, adjustable and non-inductive types in full range of 
sizes, ohmic values and terminals. 

PR Rheostats 

All metal construction permits operation at full load with as 
little as 25% of winding in use, with only slight increase In 
temperature rise. Available in 25 and 50 watt rotings. Type 
PR-25: diameter 121/32.', depth behind panel 31/32.., standard 
resistance values 1 to 5,000 ohms. Type PR-50: diameter 
22%1", depth behind panel 1 VB.% standard resistance values 
0.5 to 10,000 ohms (higher values on special orders). 

INTERNATIONAL 

Si 

FR! 

FRW Resistors 

For voltage dropping in limited space applications. Flat 
power wire wounds of lightweight construction. Designed for 
vertical or horizontal mounting singly or in stacks. Mounting 
brackets serve os conductors of internal heat. Fixed adjustable 
and non-inductive types in full range of sizes and ohmic values. 

MW Resistors 

For applications where low temperature rise, space and weight 
ore vital factors. Encased in special phenolic compound for 
complete protection. Unique design of mounting bracket aids 
rapid heat dissipation. Multi-section feature permits excep-
tional flexibility for voltage dividing opplications. 

ANCE COMPANY 

Power W ool • precision • Insulated Composition Resistors • Low Wattage Wire Wounds • Rheostats • Controls • Voltmeter Multiplier, • Voltog e Dividers • HF and High Voltage ResIstort 
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ANDREW CO 

Andrew Co. 

begins its 

second 

decade of 

service 

• to the 
industry 

• Transmission lines for 

A M-FM-TV 

• Directional antenna 

equipment 

• Antenna tuning units 

• To wer lighting 

equipment 

• Consulting engineer-

ing service 

WRITE FOR 

CO MPLETE CATALO G % 

363 EAST 75th STREET • CHICAGO 19 

38 \ 

Pioneer Specialists 

in the Manufacture 

of a Complete Line of 

Antenna Equipment 

(Continued Irons page 33A) 

Brown, A. S., R.F.D. 1, Box 621, Red Bank, N. J. 
Carter, R. H. A., Inglehope, Harcourt Rd., West 

Malvern. Worcs., England 
Conrad, It. S., 3728 C Ave.. N.E., Cedar Rapids. 

Iowa 
Courtenay. J. A., Southern BeU Tel. & Tel. Co.. 

New Orleans 12, La. 
Eckert, C. C. 169 Valleyview Dr., Dayton 5. Ohio 
Fetseh. J. T., Naval Research Laboratories, Elec-

tronics Section, Bellevue, D. C. 

Harmon. W. S., 4025 McClung Dr , Los Angeles 43, 
Calif. 

Herndon, P. H., Jr.. 411 Federal Annex, Atlanta 3. 
Ga. 

Johnson. E. M., 161 Hickory Grove Dr., E., Larch-
wont. N. Y. 

Johnson, H. D., Sylvania Electric Products, Inc 

Emporium, Pa. 
Loucks, I. H., 115 Kingsley Ave., Bethesda, Wash-

ington 14, D. C. 
Marx. F. L., American Broadcasting Co., Inc.. 30 

Rockefeller Plaza, New York 20, N. Y. 

Muffly, G.. R.F.D. 1, Verona, Pa. 
Tatum, F. W., 85 Bronx River Rd.. Yonkers 4. 

N. Y. 
Triplett, W. R., 3840-44 Ave.. S.W., Seattle 6. 

Wash. 
Varela, A. A., 5 Woodmont Rd., Alexandria, Va. 
Welsh, R. R., 427 Euclid Ave., Haddonfield, N. 
Wertli, A. J.. 4 St. Ursustrasse, Baden, Aargau. 

Switzerland 
Wilcox, J. F., Transmitter Division, General Elec-

tric Co., Thompson Rd. Plant, Syracuse. 
N. Y. 

Admission to Senior Member 
Ballard, B. G., National Research Council, Ottawa. 

Ont., Canada 
Della-Corte, J. P., 108-25-67 Dr., Forest Hills. 

N. Y. 
Lewis. W. A.. 3300 Federal St.. Chicago 16. III. 
Spriggs, A. J., 524 Knollwood Dr., S.E., Cedar Rap-

ids, Iowa 
Thayer, G. N., Bell Telephone Laboratories, Inc 

463 West St.. New York 14, N. Y. 
Wilde, A. J., R.F.D. 3, Waynesville. Ohio 

Transfer to Member 
Andrew, W. M., 3660 Som./ern Ave., S.E., Washing-

ton 20, D. C. 
Atchley. D. W., Jr., 59 Hillcrest Rd., Belmont 78. 

Mass. 
Bitner, H. W., 349 East Bald Eagle St., Lock Ha-

ven, Pa. 
Campbell. C. M.. Jr., 202 Highland Ave.. Syracuse 

3, N. V. 
Foster, J. W., 2922 Center Point Rd., N.E., Cedar 

Rapids, Iowa 
Goldenberg. H. E., 6009 Central St.. Kansas City. 

Mo. 
Hastings, R., Misiones 48. Buenos Aires, Argentina 
Heartz, L. C., 120 Royal Rd.,Bangor, Me. 
Keck, M. W., 2231 Oak Grove Pl.. Toledo 12. Ohio 
Longfellow, B. S., 928 Second St., Alexandria, Va. 
Martin, N. A., Box 701, Dixon, Calif. 
McGregor, R. B., 2100 Confederate Pl., Louisville 8. 

Ky. 
Ricciotti, S., 941 N. Union St., Shawnee, Okla. 
Spiegel, L., P. 0. Box 46, Belleville. Ill. 
Wentink, T., Jr., R. F. D. 4. Box 568. New Bruns-

wick, N. J. 
Wolfskill, R. F., 321 East Gregory Blvd., Kansas 

City 5. Mo. 

Admission to Member 
Battison. J. H.. KMBC, Kansas City 6, Mo. 
Berens, G. E.. 60 W. Peach Orchard Rd., Dayton 9. 

Ohio 
Bolan. R. S., 15 Farlow Rd.. Newton 58, Mass. 
Carson, C. J., 407 Sixth St., S.W.. Cedar Rapids. 

Iowa 

(Continued on page 40A) 
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no matter how„ 

we tell it 

The STABILINE 
See e,t6fetie 

Voltage Regulator 
Instantaneous in action with a maximum waveform 

distortion of 3 percent — this new completely-
electronic voltage regulator maintains a stable output 

... within ± .1 volt of nominal for line variations from 
95 to 135 volts; within ± .15 volt of nominal for any 

load current change or load power factor change 

from lagging .5 to leading .9. 

Rated —Input: 95-135 volts, 1 phase, 60 cycles. Output: settable between 110-120 volts, 

1 KVA.  Let us supply you with complete technical and performance data. 

WRITE-PHONE- WIRE -OR MAIL THIS COUPON TODAY 

STABILINEvce  REGULATOR 
THE 

Superior Electric 
CO MPA NY 

8 3  L A U R E L  S T R E E T 
BRI S T OL,  C O N N E C TI C U T 

The SUPERIOR ELECTRIC Company 

BRISTOL, CONNECTICUT 

Gentlemen: 
Please forward complete engineering and performance data on 

the new STABILINE electronic voltage regulator. 

RE 

City   State   

Name  Position   

- 
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—re-, "-1 

( Pat. 

Applied 
For I 

Precious 

Metal 

Tip 

No other word could so vividly 

. . . so adequately. ... describe 

the superb reproducing quality 

of Asiatic's excitingly new, 

greatly improved -QT" Phono-

graph Pickup Cartridge. Now 

in production, this finer car-

tridge is being used 

extensively for new 

applications as well 

as modern home re-

placements. 

NEWTYPE"QT" 
CARTRIDGE 

Highly acclaimed for its clear, clean, "quiet-talk" reproduc-
tion, the "QT" Cartridge is ideally suited for use with home 
record players. The unusual design of this cartridge with a 
needle allowing appreciably more vertical compliance has 
VASTLY reduced surface noise and needle talk for more en-
joyable reproduction. 

Nade 4t 7t'ø Wiadeed The "QT" Cartridge is 

available  with  either 

precious metal tipped needle, Model QT- M, or with jewel tip, Model QT-J. Both 

needles are REPLACEABLE, easily inserted or removed. MATCHED to the car-

tridge, they are the only needles that can be used with it, thus assuring that the 

quality of reproduction will remain constant regardless of needle replacement. 

LITERATURE 

IS AVAILABLE 

© Asiatic 

40A 

CORPORATION 
CO N NE A U T,  O NI 0 

.  CA N• DA  CA NADIA N ASI•IIC £7 0  1050070 OraTAP V 

Asiatic Crystal Devices Manufactured 
under Brush Development Co. patents. 

(Continued from page 384) 

Couillard. L. W., 125 -38 St., N.E., Cedar Rapids 

Iowa 
Fox, M., 8809 S. Kenwood Ave., Chicago 19, III. 
Haas. C. H., KFSG, 1100 Glendale Blvd.. Los AIN,. 

lea 26, Calif. 
Hilsabeck, D. M.. 39 Shopping Court. Dayton 

Ohio 
James. R. L., 2051 Kensington Dr., Dayton 6, Olie , 
Jelks. E. B., Southern Bell Tel. & Tel. Company 

Savannah 1, Ga. 
Johnson, R. L., 5 South Maple Ave.. East Orange 

N. J. 
Jones, D. M., Navy Department, Bureau of Ship,. 

Washington. D. C. 
Kaufman, M. G.. 143 Ivanhoe St., S. W., Washing 

ton 20, D. C. 
Keleher. A. E1, Jr.. 419 Sterling Pl., Ridgewood 

N. J. 
Korb, A. W., 30 Ottawa Ave., Grandville, Mich. 
Mansfield. R., 8049 S. Maryland Ave., Chicago. Ill 
Matzinger, J. R., 1927 -31 St., N. W., Canton, Ohi.i 
Mayer. C. H.. Apt. 2-A, 155 Ivanhoe St.. S. W. 

Washington 20, D. C. 
Saunders, A. C. W., 63 Ramshead Rd., Medford 55 

Mass. 
Shall. H. N., 8228 Holmes Rd., Kansas City 5, Mo. 
Stine, P. T., 157 Irvington St., S. W., Washington 

20, D. C. 
Whitehouse, M. H. L., Holmwood Pl., Four Elms, 

Edenbridge, Kent, England 
Willard, F. R., Electrical Engineering Department, 

North Carolina State College, Raleigh, 
N. C. 

Transfer to Associate 
Blatt, F. J., 3576 Alaska Ave., Cincinnati 29, Ohio 
Brownman, H. L., 1235 Grand Concourse, New 

York 52, N. Y. 
Dean, N. J., Box 14, School of Engineering, Colum-

bia University, New York 27. N. Y. 
Howland, B., c/o W. H. Smith, 2114-14 St., S.F.. 

Washington 20, D. C. 
Hurley. R. B., 705 Hamilton St., Schenectady 7. 

N. Y. 
Morin, J. A. R., 16 Lafayette Rd., Ipswich, Mass. 
Rothschild, L. I., Jr., 125 Kendall Blvd.. Oaklyn. 

N. J. 
Schmitt, L. D.. 4136 N. Sacramento Ave., Chicago 

18, III. 
Siegel, B. L.. 2161 Barnes Ave., New York 60, 

N. Y. 
Smoke, F.. 686 Highbury Ave., London, Ontario, 

Canada 
Squitieri, A. M.. 22 Lincoln Place, Brooklyn 17, 

N. Y. 

Taylor. H. M., Jr., 509 E. 2 St.. North Morristown, 
Tenn. 

Admission to Associate 
Adams, A. B., P. 0. Box 1587, West Palm Beach, 

Fla. 

Anderson, K. %V., 3811 Mt. Vernon, Ft. Worth. Tex. 
Bahr, R. J., General Electric Co.. Thompson Rd., 

Syracuse, N. Y. 
Blakelock, A. 0., 200 East Genesee. Fayetteville. 

N. Y. 

Bogart, R. M., 52 Concord Ave., Cambridge 38. 
Mass. 

Brennand, R., 90 Seaforth Gardens, Hook Surbiton, 
Surry, England 

Brown, J. H., Johns Hopkins University, 8621 
Georgia Ave.. Silver Spring, Md. 

Bruce, R., Jr., 516 Lillian St., Fort Wayne 7. Ind. 

Buck, R. F., 23 Morton St., Bloomfield. N. J. 
Bush, T. K., 3105 Lafayette. Fort Wayne 5, Ind. 
Calla, V., 30 Soborska, Prague 19. Czechoslovakia 
Clutter, E. C.. 33 -13 Ave., Columbus 10, Ohio 
Coan, J. O.. Jr., 2711 Forest Dr.. Winston-Salem 5. 

N. C. 

(Continued on page 424) 
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'BIGGEST NEWS IN AM! 
It's Federal's New Triodes for 50 KW Transmitters — 

with THORIATED TUNGSTEN FILAMENTS! 

LO WER FILAMENT PO WER 

• LO WER HUM LEVEL 

• LONGER LIFE 

H ERE'S THE BIG ADVANCE in tubes for SOK W 

stations! Even for that output, you now get 

thoriated tungsten filaments in Federal's new 9C28 and 

9C30 — to give greater electron emission with less 

filament power, longer service life, stable and improved 

performance. 

Rated conservatively, these Federal tubes have the 

electrical and structural design to withstand overloads. 
Months of actual field tests demonstrate their excep-

tional durability. Both the 9C28 and 9C30 are water 
cooled for maximum output. Alternate types (9C29 

and 9C31), with air cooling, are also available. In a pair 

of either type you'll find new operating economy and 

low tube costs. 

Federal's 38 years of tube engineering and manu-
facture show up once more in this latest "first". No 

wonder Federal tubes have consistently set the stand-

ards for performance in AM broadcast service. We'll be 

glad to send you more data on these tubes. Write 
department K 437. 

9C31 
Weed Air GNAW 

9C28 Water Cooled 

PARTIAL TECHNI 

4028  9C30 

Filament voltage  15 v.  15 V. 

Filament current ....135 amp.  135 amp. 

Maxi mu m Ratings 

Plate Voltage .  12,000 V. 

Plate Current   10 amp. 

Plate Input   100 kw. 

Plate Dissipation   40 kw. 

15,000 v 

8 amp. 

120 kw. 
40 kw. 

 1,WIN 

Federal Telephone and Radio Corporal/oil 
In Canada. — Federal Electric Manufacturing Company, Ltd., Montreal. 

Export Distributors: — International Standard Ele   Corp. 67 Broad St., N. Y. 
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HOW TO BUY 
SPECIAL 
TRANSFORMERS 

from 

STANDARD 
PARTS 

Mounting typo 130, 2 hole 
horizontal mounting lead 
holes on bottom or side of 

shell. Ratings 15 to 100 VA. 

Mounting type 121. 
Available in ratings 
from 35 to 2 500 VA. 
Tops to suit your 
needs. 

The special physical design 

or special electrical char-

acteristic transformers you 

may need can probably be 

engineered  from Acme 
Electric standard lamina-

tions and parts to the exact 
mechanical dimensions and 

electrical performance re-

quired. No need for special 
dies, tools or other expen-

sive production materials. 
Here are a few of the Acme 

Electric designs available. 

Mounting type 131 with 
end bells. Loads out bot-
tom or side.  Ratings 35 
to 500 VA. 

Mounting type 100. 
Available in ratings 
from 3 to 40 VA. 

Mounting type 110. 
Available in ratings 
from 35 to 2 500 VA. 

Mounting type 150. 4 hole 
horizontal mounting. Lead 
holes on bottom or side of 
shell. Primary top changer 
on  top.  Ratings  35  to 
500 VA. 

Write for Specification Transformer Bulletin 168 

ACME ELECTRIC CORPORATION 
44 WATER STREET CUBA  N. Y. 

(Confirmed from page 40A) 

Curry. H. D., 3844 Charles St., Omaha, Nebr. 
Desikachar, P. R.. 99 Livingstone, Brooklyn 2. N. Y. 

Diehl, R. T., 89 Hicks St.. Brooklyn 2, N. Y. 
Eastlund. L. C., 2730 S. E. Taylor, Portland. Ore 

Einsohn. I. A., 1524 Nelson Ave.. New York 52 

N. Y. 
Elwell, H. G.. Jr.. 254 \V. Third Ave.. Roselle. N. 

Featherstone. R. P.. 4235 Pleasant Ave.. Minne-
apolis 9, Minn. 

Gardner, D. A..352 West 23 St., New York 11, N. 
Green, A., 394 Prospect St.. Nutley 10, N. J. 

Hall, G. 0.,  1654  Massachusetts Ave., Cam-
bridge 38. Mass. 

Hammond. M. L.. 9 Marinus St.. Rochelle Park, 

N. J. 
Haynes, W. A.. Jr.. 4606 -43 St., N. W.. Washing-

ton 1q, D. C. 
Horn, H. T.. 3118 -22 Ave.. S., Seattle 44. Wash 

Inc G. W.. 135 Ostrom Dr., San Antonio 2. Tex. 
Ingerson. F A.. 129 Oakland St., Syracuse, N. 'Y 
Rain. G. H.. Apt. 1.-A. 175 East 62 St.. New Y OTk 

21, N. Y. 
Kappauf, E. F., 48 Hemlock St.. Brooklyn 8. N. 

Kubala, A. M., P. 0. Box 544. West Los Angeles 
25, Calif. 

Lahey, J. L., 10436 Dickens Ave., Melrose Park 2 

Layton. B., 106 Fort Washington Ave., New York 
32, N. Y. 

L'Hommedieu, A. P., Westinghouse Corp., 40 Wall 

St., New York S. N. Y. 
McPherson, R. W.. 1081 Sheridan Ave., New York. 

N. Y. 
Masnlk. M.. Jr.. 95-38 -115 St.. Richmond Hill. 

L. I.. New York 19, N. Y. 
Meigs, V. C., 4262 Victoria Ave., Los Angeles 43, 

Caf. 
Mitchell.J. l\V... 421 N. Daman. Los Angeles. Calif. 
Morgan. R. B., Unit 1. Sandia Base. Albuquerque. 

N M. 
Murdoch, J. P., 68 West 71 St.. New York 23. N. Y. 
Murphy, R. P.. 3 Waldron Ave., Nyack, N. Y. 
Page, G. W., 51 Carroll Ave.. Takoma Park. Md. 
Pepe. G., 47 C. so Buenos Ayres. Milano. Italy 
Peterman. A. F., Rm. 704. 2051 W. Grand Blvd.. 

Detroit 8, Mich. 
Pius, W. J., 72 Ferguson Ave.. Gidea Park. Essex, 

England 
Fleets. G. P.. 420 Memorial Dr.. Cambridge 39 

Mass. 
Popovich, B., Apt. 400.B. 186 W. Chippewa, 

Buffalo 1, N. Y. 
Puskarich. L. B., Box 231, Foster Rd., McKeesport. 

Pa. 
Reiss, A., 624 Montgomery St.. Brooklyn 25. N 
Riley, B. J., Jr.. 225 S. Solomon, New Orleans, La. 
Rankin, J. G., 901 Oswego St.. Liverpool, N. Y. 
Rosenberg. M. Radio Corporation of America 

Laboratories, Princeton, N. J. 
Rountree. W. R.. 4126 -49. San Diego 5, Calif. 
Schaefer, J. H., 3621 Rushland Ave., Toledo. Ohio 
Schoenfuss. A. F., Roanoke Ave., Oakland, N. J. 
Sharman. H. M., 552 Page St., San Francisco, Calif. 

Singleton, H. E., International Tel. and Tel. Co.. 
Patent Dept., 67 Broad St.. New York 4, 
N. Y. 

Swanson, E. E.. 6902 Fourth St., N. W., Washing-
ton. D. C. 

T act. W., 2 West 192 St., New York 58, N. Y. 
Tompson, E. C., Rm, 1516. 40 East 34 St., New 

York, N. Y. 
Tompson, E. C., Rm. 1516. 40 East 34 St., New 

York, N. Y. 
Troetschel. W. 0., Box FAETU. Naval Air Station. 

Whidbey Island, Wash. 
Vezina, A. J., 723 Middle St., Fall River. Mass. 
Woolen, C. E., Jr.. 3415 Guilford Terrace. Baltimore 

18, hid. 
Wright. E. E., 248 Broad St , Red Bank. N. J. 

Zink. H. F, Owens Illinois Glass Co.. 1510 West-
wood. Toledo, Ohio 

42A PROCEEDINGS OF THE I.R.E.  April, 1947 



...077 /14 ,d0 

71,azi92 /4 

7 a6 d 

••••••••• 

— Mob — 

courtesy of 

$ERVEL, INC. 
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All Recessed Head screws have definite advantages over the older, slotted 

head type but ONLY REED & PRINCE Recessed Heads can be driv-

en in any size —from the smallest to the largest — with ONE driver! 

REED & PRINCE 
MANUFACTURIN G  CO MPANY 
W ORCESTER, MASS.  CHICAG O, ILL. 
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...THE NE W TURNER 

MODEL 20X HAND MICROPHONE 

a little mike 

with a BIG future 
We're mighty proud of this new addition to the line of Microphones 
by Turner. Small in size yet big in performance it inherits those 
qualities of sound engineering and careful workmanship that have 
made the name Turner a symbol for precision and dependability. 
The New Model 20X is designed to appeal to owners of home 

recorders and amateur communications equipment. It has innu-
merable applications in offices and factories and for paging and call 
system work. Sound pressure tests reveal remarkable performance 
characteristics for a low priced unit. Its circuit features a Metalseal 
crystal which withstands humidity conditions not tolerated by 
the ordinary crystal. Response to voice and music is smooth and 
flat within ±5db from 40-7000 c. p. s. Level is 54db below 1 
volt/dyne/sq. cm. Finished in lustrous brown baked enamel, the 
Model 20 X is light in weight and natural to hold. It may be hung 
on a hook. Furnished complete with 7 ft. attached shielded cable. 

WRITE FOR  BULLETI N 

THE TURNER CO MPANY 
909 17th Street N. E.  •  Cedar Rapids, Iowa 

BY TURNER 

LICENSED UNDER U. S. PATENTS OF THE AMERICAN TELEPHONE AND 
TELEGRAPH COMPANY, AND WESTERN ELECTRIC COMPANY, INCORPORATED 
CRYSTALS LICENSED UNDFR PATENTS OF THE BRUSH DEVELOPMENT COMPANY. 

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 124) 

Field Intensity Meter 
Clarke Instrument Corp., 910 King 

Street, Silver Spring, Md., announces its 
model 106 VHF Field Intensity Meter for 
use in the television and FM bands from 
50 to 220 megacycles. The instrument is 
direct reading in terms of microvolts per 
meter without the use of charts, curves, or 
calculations over a range of 5 microvolts 
to 10 volts. The receiver employs a stage 
of amplification at the signal frequency 
and features single-control tuning with 
provisions for separate fine adjustment of 
the antenna and mixer input tuning con-
trols without 'disturbing the gang tuning. 

A built-in calibrating oscillator provides 
a source of standard signal for calibrating 
the instrument. Circuit arrangement pro-
vides a direct-reading feature even though 
the equipment is used with an antenna 
other than the standard dipole. The manu-
facturer points out that the selectivity of 
the instrument is adequate for measure-
ments on adjacent chavinels 200 kilocycles 
apart, a feature particularly necessary for 
interference studies in the FM bands. 

Variable Inductance 

A new patented unit providing infinitely 
variable-inductance tuning for all televi-
sion, frequency modt.lation, and other sta-
tions from 44 to 216 megacycles within the 
range of the receiver, has been announced 
by P. R. Mallory & Co., Inc., 3029 E. 
Washington St., Indianapolis 6, Ind. This 
entire band is covered in 3600° rotation (10 
turns) of the shaft, which may be rotated 
by hand or motor driven. It is stated that a 
conventional receiver input system em-
ploying this ainductuner" requires but a 
few adjustments for proper alignment In 
production. 

(Continued on Page 46.4) 
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•Ik;APACIT 

THEIR STRENGTH 

.'ADDS "STAYING PO WER" 

TO YOUR PRODUCTS 

Capacitors needn't be the weak link in your product 
they can have 'lust as much —staying power— as any other 
component in your equipment. 

G-E capacitors have long life. One reason for this is 
that they are Pyranol* impregnated. Practically all 
moisture, air, and gas have been withdrawn from the 
capacitor before the Pyranol treatment takes place. The 
usc of Pyranol also means that these capacitors can op-
erate at high temperatures—up to 75 C (167 F) case 
temperature. This eliminates one of the main causes of 
capacitor breakdown. 

Casings, available in all standard shapes, are double-
rolled, or roll-crimped and soldered, scaling the capacitor 
hermetically.  Plastic bushings, of high  dielectric 
strength, bring out the hot-tin dipped soldered terminals. 

GENERAL 

Line Capacitors 

Fluorescent Lamps 

Low Storting Torque Motors 

High Power Factor 

Luminous Tube Transformers 

If you are building a quality product, here's a quality 
a-c capacitor that you'll never have to worry about. 
They're available in a broad range of voltage ratings and 
capacities. Write for the latest Bulletin GEA-2027C. 
Apparatus Dept., General Electric, Schenectady 5, N. Y. 

'Reg. U. S. Pal. Off. 

Why Manufacturers Like G-E Capacitors 

1. Their price is right. 

2. You can get fast ship-
ments. 

3. The range of ratings 
is broad. 

4. Designed for small 
size and light weight in 
all ratings. 

5. Their quality is un-
excelled. 

ELECTRI.c. 
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TRUSCON STEEL COMPANY c 

Another New 

TRUSCON RADIO TOWER 
• More and more the landscape is becoming dotted with 

Truscon Radio Towers serving the AM and FM needs of 

the broadcasting industry. 

One of the newest is WBNY, 

stri 
.4 • 

YOUNGSTOWN 1, OHIO 

Subsidiary of Republic Steel Corporation 

lf 

Buffalo, N. Y.,—a Truscon 
Self-Supporting Radio 
Tower with FM antenna. 

Height of tower is 358 feet 
. . . height of FM antenna 
is 62 feet ... total overall 

height is 420 feet. 

Truscon can engineer any 
type of tower you desire 

... guyed or self-support-
ing, either tapered or uni-

form cross-section ... tall 
or small . . . AM or FM. 
Truscon engineering con-

sultation is yours with-

out obligation. Write or 
phone our home office at 
Youngstown, Ohio, or any 
of our numerous and 

conveniently located 
district sales offices. 

• Close-up view of 14-BNY 
Trust-on Radio Tower showing 
construction detail. 

Manufacturers of a Complete Line of 

Self-Supporting Radio Towers . . . 

Uniform Cross-Section Guyed Radio 

Towers . . . Copper Mesh Ground 

Screen . . . Steel Building Products. 

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 44A) 

Vacuum Capacitor 

A new vacuum capacitor, Type VC-50, 
rated at 30,000 volts maximum peak volt-
age and ha% ing a capacitance of 50 micro-
microfarads +2 %, has been announced by 
Amperex Electronic Corporation, 25 Wash-
ington St., Brooklyn, N. Y. Maximum 
root-mean-square current ratings of 65 
amperes at 10 megacycles, and 40 amperes 
at 60 megacycles are based on a maximum-
glass-to-metal seal temperature of 150°C. 
Internal losses are largely ohmic and de-
crease as the frequency decreases. 

Voltage, which increases as the fre-
quency decreases, reaches the maximum 
allowable peak voltage rating of 30 kilo-
volts at 10 megacycles. The condenser may 
be used at lower frequencies provided the 
peak voltage rating is observed. Maximum 
over-all dimensions of the condenser are: 
length-6.6 inches, diameter-2.5 inches. 

New Oscilloscope 

A new cathode ray oscilloscope featuring 
portability and low cost has been an-
nounced by Sylvania Electric Products, 
Inc., 500 Fifth Ave., New York 18, N. Y. 
This new unit, Type 131 weighing only 18 
pounds, has a single frequency range from 
15 to 40,000 cycles and is provided with a 
five-range selection control and a fine-
frequency adjustment. Visual study of 
wave form is provided by a 3' cathode ray 
tube designed for 6.50-volt deflection-plate 
operation. 

(Continued on page ISA) 
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TYPE GB LO WATT 

TYPE 1.1B 2.0 WATT 
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ALL THE RESISTORS ABOVE ARE AVAILABLE AS STANDARD IN THE RALL RESISTANCE VALUES AND TOLERANCES AS INDICATED WI ALLEN-SRADLET PART 
NUMBERS IN THE FOLLOWING TABULATION. NOTE: CERTAIN VALUES ARE STANDARD ONLY IN *5% TOLERANCE. OTHERS IN *5% AND *10%. 
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ALLEN-BRADLEY 

SOLID MOLDED 

FIXED 

RESISTORS 

diema a agaady Peleizzace &wad 
for selecting your fixed resistors 

TYPE J BRADLEYOMETERS 
Continuously Adjustable Resistors 

with 2 watt rating and high 
safety factor 

The resistor material is molded with insulation, 
terminals, face plate, and bushing into a one-

piece unit. It is not a film or paint type resis-
tor. During manufacture, the resistor material 
is varied throughout its length to provide 
the desired resistance - rotation curve. Once 
molded, the curve does not change. Heat, 
cold, or moisture cannot affect the depend-
ability of the Type J Brodleyometer. 

A. 

This Bradleyunit resistor chart 
is a valuable source of resistor 
information. It lists over 450 re-

sistors, in accordance with RMA 

standards, part numbers for var-

ious tolerances, voltage, and 

wattage ratings. Temperature 
characteristics and derating curves 

are also included, as well as di-

mension diagrams for the  watt, 
1 watt, and 2 watt Bradleyunits. 

We shall be glad to send you a 
copy to fit your £04x11 ring binder. 

ALLE 
FIXED & AD 

Bradleyunits will sustain an 
overload of ten times rating for 
several minutes without failing. 
Wax impregnation is unnecessary 
to pass salt water immersion tests. 
The leads, tempered near the re-
sistor to prevent sharp bends, are 
easily soldered. The honeycomb 
shipping cartons keep the leads 
straight and speed up assembly 

operations. 

Allen-Bradley Co., 

114 W. Greenfield Ave., Milwaukee 4, Was. 

-BR 
STABLE RAD 

QUALITY 

DLEY 
RESISTORS 
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• The Sorensen NOBATRON provides a new 
source of DC voltages regulated at currents pre-
viously available only with batteries. 

• Six standard NOBATRON models operate on a 
95-125 volt AC source of 50 to 60 cycles and pro-
vide currents of 5, 10, and 15 amperes at output 
voltages of 6, 12, or 28. 

• Ideally suited for critical applications where 
constant DC voltages and high currents are re-
quired, the NOBATRON maintains a regulation 
accuracy of Y2 of 1  RMS of 1% and has a 
recovery time of Vs of a second. 

• Investigate the many advantages of 
Sorensen regulators applied to your unit. 
Write today for your copy of the new com-
plete Sorensen catalog, S-P. It is filled with 
schematic  drawings,  performance curves, 
photos, and contains in detail, "Principles 
of Operations." 

sc.000, 
sonEnsEn & company, inc. aiiozzo  

STII MFORO, connEcTicuT 

A LINE OF STANDARD REGULATORS FOR LOAD RANGES UP TO 30 KVA. 

SPECIAL UNITS DESIGNED TO FIT YOUR UNUSUAL APPLICATIONS. 

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 Irons page 464) 

Tube Life Tester 
A new grid-pulse life-test unit has I' 

rently been designed by Chatham Elec-
tronics, 475 Washington St., Newark 2, 
\ J., which is suitable for life testing re-
( civer-type tubes under pulsed operating 
conditions. This apparatus consists bas-
ically of four units; a control panel, power 
unit, pulse modulator, and tube test rack. 

The power unit is designed to provide all 
potentials normally required for receiv( I 
type-tube testing. The modulator has been 
designed to deliver a positive pulse, ad-
justable from 50 to 350 volts, at rates of 
from 500 to 2500 times per second, at from 
1 to 25 micro-seconds duration. 
The tube rack plugs into the unit di-

rectly over the control panel and provides 
ample space for mounting ten tubes. 
Twenty connectors are mounted on the 
front of this rack to allow individual moni-
toring of the grid and plate current of the 
tubes under test. Suitable connections are 
provided for monitoring the modulator 
pulse amplitude and repetition rate. 

Dipole Antenna • 

A readily assembled dipole antenna 
utilizing aluminum tubing for the dipoles, 
bakelite for the spreaders, and steel tubing 
for the supporting members, is being manu-
factured by the Technical Appliance Corp., 
41-06 De Long St., Flushing, L. I., N. Y. 
The downlead is a ribbon transmission line 
comprising two stranded conductors in-
sulated by a wide band of polystyrene as-
suring relatively low loss. 

(Continued on page 524) 
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DESIGNED AND PROCESSED FOR LONG LIFE 

IN R-F HEATING EQUIPMENT 

E
VER since ihe first external anode 

tubes were made, the primary con-

siderations in design, construction and 

processing were those directed to meet-

ing the requirements of broadcast and 

communication applications. In those 

early years, there was little need—and 

later, little opportunity—to adequately 

provide for the special and more rigor-

ous requirements of industrial service. 

Machlett Laboratories, specialist for 

half a century in servicing the special 

electron tube needs of the equipment 

manufacturer, has long recognized the 

necessity for special construction and 

processing of tubes for industrial use 

and has been guided by this in every 

step in the design and manufacture of 

its water and forced-air cooled tubes 

for induction and dielectric heating 

applications. For this reason, Machlett 

external anode tubes are more rugged, 

more completely outgassed and have 

inherently more factors of safety to cope 

with unusual operating conditions. For 

longer life and better performance use 

Machlett electron tubes because they 

are especially built to fill your needs. 

The complete story of what Machlett 

Laboratories have done and are doing 

to furnish better tubes to industrial 

equipment manufacturers and users will 

be sent upon request. Machlett Labora-

tories, Inc., Springdale, Conn. 

APPLIES TO RADIO AND INDUSTRIAL USES 

ITS 50 YEARS OF ELECTRON TUBE EXPERIENCE 
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A number of attractive positions are open to qualified 
development and design engineers in many product 

lines of which a few are: 

Theater Sound and Projection Equipment 

Broadcast Transmitters  Industrial Electronics 

Scientific Instruments  Television Transmitters 

Communication Equipment  Commercial Sound Equipment 

Test and Measuring Equipment Government Radiation Equipment 

Aviation Communication and Navigation Equipment 

Write to 

National Recruiting Office 

RCA Victor Division 

Camden  New Jersey 

Eng/newt& 
Broadcast  Radio  receiver 

Project Engineers, Television 

receiver Project Engineers 

and Mechanical Engineers 

experienced in broadcast re-

ceiver engineering methods. 

Excellent opportunity for ad-

vancement in a growing en-

gineering department. 

Reply giving full details to 

Personnel Manager 

BENDIX RADIO 

Division of Bendix 

Aviation Corporation 

Baltimore 4, Maryland 

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. 

Marcus Ave. & Lakeville Rd. 

Lake Success, LI. 

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. 

FM ENGINEER 
FM Engineer with College degree, with 

or without some pre-war experience in 
FM who can head up FM development 
group and be, responsible for their work. 
Box 463. 

Engineers 
Communication—Mechanical—Sales 

CHIEF MECHANICAL ENGINEER 
—Thorough knowledge of small metal 
parts design, preferably on radio com-
ponents. To be in charge of all me-
chanical design. Splendid opportunity, 
permanent position for an aggressive 
and responsible engineer. 

COMMUNICATIONS ENGINEERS 
— Well versed in mathematics and all 
phases of R.F. circuits for development 
projects. Experience in VHF Micro-
wave technique desirable. Applicants 
must possess initiative and be able to 
think analytically. 

SALES  ENGINEER—For  factory 
sales office. Must be familiar with 
broadcast transmitter and industrial 
electronic circuits and components. 
B.S. degree and "Ham" license not 
mandatory but desirable. Little travel-
ing. 
Interesting and varied work in a clean 
factory. 
For more information regarding the 
above write to: 

Mr. Ltoyd W. Olander 
Chief Engineer 
E. F. Johnson Company 
Waseca, Minnesota 

PHYSICISTS 
Arsenal has positions open for physi-
cists in Civil Service. Salaries from 

$2644 to $5905, per annum. Apply to: 
Frankfort Arsenal 
Philadelphia 37, Pa. 

ENGINEERS 
The Naval Air Material Center has ur-

gent need for engineers qualified under 
U. S. Civil Service Commission standards 
in the fields of radio and radar. Regular 
work consists of five eight hour days. Em-
ployees accrue vacation and sick leave. 
Permanent employees are also eligible for 
Civil Service Retirement. Salaries range 
from $2644.80 to $8179. Write to Naval 
Air Material Center, Industrial Relations 
Department, Bldg. 75, U. S. Naval Base 
Station, Philadelphia 12, Pa. for particu-
lars concerning the filing of applications, 
types of positions and appointments. 

DEVELOPMENT ENGINEERS 
Guided Missiles 

An experienced development and re-
search engineer is needed to head new 

(Continued on page .52,4) 
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O R  P O  R  A  T  I O N 

K-TRANS 
will duplicate the performance of any I. F. 
Transformer you are using and 

COST LESS 
Both to buy and to handle in your lines 

AUTOMATIC MICA TRIMMERS 
are the standard trimmers of the industry 

1/TO M1177C 
MANUFACTURING 

MASS PRODUCTION COILS & MICA TRIMMER CONDENSERS  
E A S T  N E W A R K,  N. J 



ELECTRONIC 
ENGINEERS 
Seniors and Juniors 

Wanted by 

The Federal Telephone 

& Radio Corp. 

well versed in all phases of 

transmitter design; only Grad-

uate Engineers  with  either 

engineering degree or equiv-

alent training in this type of 

work will be considered. 

Good Salary —Steady 

Positions 

Excellent  opportunities  for 

advancement. Give complete 

backoround, experience, edu-

catic.n & employment history. 

Address letter to Personnel 

Manager. 

FEDERAL TELEPHONE & RADIO CORP. 
NEWARK 1, N. J. 

first in facsimile 
for broadcasting and point-
to-point communication! 

FINCH TELECOMMUNICATIONS 
IN C ORP OR ATE D 

SALES OFFICE 
10 EAST 40th STREET, NEW YORK 

FACTORIES  PASSAIC  N J 

52A 

(Continued from page 30A) 

development group in Electronics Depart-
ment. Design and development of radar 
and electronics controls, servomechan-
ism's, and special devices for pilotless air-
craft. Broad experience and Doctor's de-
gree or equivalent required. 
Positions also open for graduate engi-

neers and physicists with electronic and 
mathematical-physics backgrounds. 
Salaries $5,000-$8,000, commensurate 

with ability. Call or write F. Melograno, 
Pilotless Plane Division, Fairchild En-
gine and Airplane Corporation, Farming-
dale, Long Island, New York. 

RADIO ENGINEER 
Experience in design of microwave 

components required by Research Depart-
ment of Galvin Manufacturing Corpora-
tion, 4545 W. Augusta Boulevard, Chi-
cago, Illinois. Write attention of D. E. 
Noble. 

ENGINEERS AND TECHNICIANS 
Engineers and Technicians familiar 

with the operation of the SCR-584 radar. 
Unusual opportunity. Salary commensu-
rate with education and experience. Cali-
fornia location. Box 457. 

ELECTRICAL ENGINEERS WITH 
TEACHING BACKGROUND 

A Prominent Manhattan Educational 
Institution is now preparing a series of 
courses which are on a post high school 
level, and will have immediate need for 
instructors with the following back-
ground: Electrical engineering degree or 
better, teaching experence with several 
years of practical experience. Applicants 
should be able to teach various courses in 
electronics on an engineering level. Box 
458. 

PHYSICISTS AND ENGINEERS 
Wanted by field service laboratory sev-

eral physicists and engineers, experienced 
in the fields of Wave Propagat;on, Astro-
Physics, and Electronics Engineering. 
Salaries range from $3400 to $5900. The 
Laboratory is located on the Chesapeake 
Bay in Maryland. Write fully indicating 
interest and giving experience and salary 
requirements. Box 460. 

TELEVISION DESIGN ENGINEER 
A graduate Electrical Engineer, whose 

experience has been mainly in the develop-
ment and engineering field of Television 
Transmitters and associate equipment. 
Write giving full details. Box 461. 

RADIO ENGINEER 
Western educational institution has 

opening for experienced engineer (gradu-
ate) thoroughly familiar with all phases 
of radio-electronics. Capacity to assume 
responsibility with minimum supervision. 
Top salary for high calibre man. Submit 
complete personal history. Replies held 
confidential. Box 462. 

SERVICE ENGINEERS 
Men who would like to utilize their 

spare time repairing tower music systems, 
sound distribution systems and sound re-
inforcement systems within your state 
border. Traveling expenses and service 
charges paid by us. Write to: Schulme-

(Continued on page 54A) 

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 48A) 

Vacuum Tube Test Set 

A vacuum-tube bridge-characteristic 
test set designed to reduce operator fatigue, 
and eliminate personal errors frequently 
respIting from circuit arrangement, has 
been announced by Sylvania Electric 
Products Inc., 500 Fifth Avenue, New 
York 18, N. Y. The console unit includes 
bridge and auxiliary switch gear mounted 
on the control shelf; electronically-regu-
lated power channels; bridge signal source; 
amplifier; meters; and other accessories to 
measure mutual conductance, plate re-
sistance, amplification factor, and all static 
characteristics. 

All meters except those for gas and 
heater cathode current, are located on 
sloping panels. All current meters haNc 
circuit jacks for external calibration. 
Operating from a 1500-watt, 220 volt, 
three-phase source, the unit will provide 
all necessary alternating and direct cur-
rent voltages and currents. A reverse-
polarity switch is provided for heater 
supply which can also be used as a second 
auxiliary. 

Frequency Meter 

A direct reading freqnency meter, Type 
838, designed to measure frequencies in 
the audio and supersonic spectrum, has 
been announced by The Doyen Company, 
191 Central Ave., Newark 4, N. J. Seven 
overlapping ranges are available for fre-
quency determination between 20 to 
100,000 cycles per second. 

The indication is substantially inde-
pendent of variations in input voltage be-
tween 0.5 and 150 volts root-mean-square, 
and the manufacturer states that the 
accuracy on all ranges is ±2% of the top 
frequency on the range in use. Where a 
continuous graphic frequency record is re-
quired, a jack has been provided for con-
nection to an external recording milliam-
meter. The unit is designed for standard 
rack mounting or can be supplied in a case 
for bench use. 

(Continued on page 61,4) 
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NOW! a new standard of 
performance in cutting heads 

THE PRESTO 1-D 
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The new Presto 1-D Cutting Head offers: wide range,lowdistor-

tion, high sensitivity and stability through a temperature range of 
60°-95° F. The Presto 1-D Cutting Head is a precision instrument 
made entirely of precisely machined parts, expertly assembled 
and carefully calibrated. These factors, plus its sound basic en-
gineering design, produce a cutter unequaled in performance by 
any other mechanically damped magnetic device. 

Note from the light pattern below: The correct location of the 

cross-over point at 500 cycles, the 6 db per octave slope below 
this point, and flat response above 500 cycles, which is free from 
resonant peaks. The range of the cutter is 50-10,000 cycles. The 
Presto 1-D is damped with "Prestoflex" which is impervious to 
temperature changes between 60 and 95 degrees Fahrenheit. 

Unretouched 
photograph 
showing the 
light pattern. 
Notice correct 
location of the 
cross-over point 
at 500 cycles. 

RECORDING CORPORATION 
242 WEST 55TH STREET, NEW YORK 19, N. Y. 

Walter P. Downs, Ltd., in Canada 

WORLD'S LARGEST MANUFACTURER OF INSTANTANEOUS SOUND RECORDING EQUIPMENT & DISCS 
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Outstanding developments 

produced by pioneer and leader in this field 

/../ Constant Plating thickness 

assures uniform signal 

L./Correct balance of magnetic 
properties assures good fre-

quency response and high 

level 

1,••• Excellent surface finish as-

sures low noise and mini-

mum wear 

1,..0 Corrosion resistant 

1,0 Easy to handle ductile—can 
be knotted 

INEZ =11 
1.../ Easy to Handle 

1,/ Extremely low-cost 

Loo Can be edited . . . spliced 

100 Greater dynamic range 

Minimum wear on heads 

L./Excellent high frequency 

reproduction at slow speed 

Lor Permanent  excellent repro-

duction for several thousand 

play-backs 

Vastly improved tape and 
wire recording heads and cartridges 

Another important improvement made by Brush 

has been the development of very simply constructed. 
low-cost erasing, recording and reproducing heads. 

Of principal interest are their excellent electrical characteristics, 
extreme simplicity of design to avoid trouble, 

and the -hum-bucking" characteristics which reduce the effect 
of extraneous magnetic fields. When required, the head 

cartridge alone (pole piece and coil unit) may be supplied for 
incorporation into manufacturers' own head structure. 

These latest developments in magnetic recording equipment 
can now 42e obtained for radio combinations and other uses. 
Brush engineers are ready to assist you in your particular 
use of magnetic recording components, 

1% 
Hysterysis 
loop of Brush 
plated wire 

The new  Cross section 
Brush wire  of Brush 
recording head  plated wire 

The new 
Brush tape 
recording head 

THE BRUSH DEVELOPMENT CO. C3 41 e0v 5e l Pa en rdk i n4 s OA vh ei 0. 

Write today for further information 

5 I \ 

(Continuea from page 52A) 

rich Electronics, Inc., Sellersville, Penn-
sylvania, Attention: H. B. Smith. 

PRODUCTION ENGINEER 
Experienced in glass machinery prod-

ucts and technique. Also fluorescent chemi-
cals and coating application to glass. Ex-
cellent opportunity. Write, giving full de 
tails in first letter. Box 453. 

PATENTS 
Patent Department of large industrial 

corporation requires experienced patent 
attorneys or agents. At least one with elec-
tronic background, for expanding research 
effort. Minimum supervision. Office in 
New Yorlo suburb, Southwest Connecti-
cut. Box 455. 

SENIOR ENGINEERS 
Several capable men needed for: 
1. Advanced electronic circuit and sys-

tems development. 
2. Servo-mechanisms, hydraulic, pneu-

matic, electric. 
3. Gyromechanisms and other instru-

mentation. 
4. Microwave techniques, plumbing, an-

tennas, radomes, etc. 
5. Magnetic circuit design (good all 

round electrical background). 
6. General mechanical component de-

sign, airborne radar. 
Qualifications: Several years commer-

cial experience in one or more of above, 
good educational background. 
Positions Offer: Permanence, top sal-

aries, and opportunities for increased re-
sponsibility for men who can produce. 
Work: Large guided missile program. 

All phases—study, research, development, 
product design for production. 
Organization: Progressive, stable, un-

der engineering management. 
Applications: Handled, of course, in 

confidence. Give enough information in 
your first letter to warrant interview. 
Apply to Personnel Department, Ray-
theon Manufacturing Company, Foundry 
Avenue, Waltham 54. Mass. 

ELECTRICAL AND ELECTRONIC 
ENGINEERS 

You are invited to investigate opportuni-
ties in electronics and electrical engineer-
ing at this laboratory. We are organized 
as a department in a large college located 
in a Middle Atlantic state, and are en-
gaged in research and development. Mem-
bers of our research staff are appointed 
with academic rank. Some are teaching, 
although this is not a condition of em-
ployment. Box 449. 

TELEVISION ENGINEER 
Wanted by well-known manufacturer of 

television radio receivers. To be service 
manager for New York area. Write fully. 
giving experience and salary requirements. 
Box 450, 

MATHEMATICIAN 
With knowledge of electrical and me-

chanical means of solving equations, to 
work on computor development with New 
York City concern. Additional knowledge 
of Servo systems desirable. Box 452. 

(Continued on page 56,4) 
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HOW AVAILABLE. 
Centralab's medium-duty power switches 
for special industrial and electronic uses! 

Positive Action —Solid Silver Contacts 

Ceramic Trimmers 
Bulletin 630 

Ceramics 
Bulletin 720 

Efficient performance up to 20 
megacycles — specially designed 
for transmitters, power supply 
converters, X-ray equipment etc. 

HERE THEY ARE —  Centralab's famous me-
dium-duty power switches — now ready 

for a broad new range of industrial and elec-
tronic uses! 

Look at some of the exclusive features which 
these sturdy switches offer you: 1) for accurate 
positioning, square operating shaft snugly fits 
staked sleeve in steatite rotors. 2) for peak per-
formance, solid silver contacts are individually 
aligned and adjusted. 3) for flexibility, units 
can be assembled with shorting or non-shorting 
contacts. Switching combinations are 1 pole, 17 
positions —and 3 poles, 5 positions per section. 
20° double roller indexing. 

Tests prove that these power switches have a 
minimum life operation of 25,000 cycles with-
out failure. Switches have single hole bushing 
mounting, and tie rod extensions at front and 
rear serve as locating keys and added mounting 
support. Furnished with cadmium plated, steel 
and brass parts. Units in non-corrosive metals 
also available. 

Variable Resistors  Ceramic Capacitors  Selector Switches 
Bulletin 697  Bulletin 630  Bulletin 722 

RATINGS: 71/2  amperes at 60 cycles, 115 volts A.C. 
Minimum voltage breakdown between critical points 
is 3,000 volts RMS, 60 cycles. See how these fine 
Centralab switches can fit your industrial and elec-
tronic needs. Write today for Centralab's complete 
switch bulletin number 722! 

SSA 
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WORLD'S OLDEST AND LARGEST MANUFACTURERS OF RADIO ANTENNAS AND ACCESSORIES , 

L. 5. BRACH MFG. CORP 
200 CENTRAL AVENUE  NE WARK, 4 N. J. 

ESTABLISHED  1 906 

ANTENNA SYSTEMS 
for USERS 

of PRIVATE BRANDS 
  We manufacture the following, under 

private labels and trademarks: 

AUTOMOBILE ANTENNAS  . . . every 
variety, including types that can 
be raised and lowered from inside 

the car. 
RESIDENTIAL ANTENNAS  . . . AM and 
FM, for homes, stores and multi-
family buildings.  Complete lines 
of noise-reducing systems incor-
porating latest patented develop-

(-3  ments of coupling transformers. 

FM, AM and TELEVISION  . . . Dipoles 
with or without reflectors, folded 
dipoles, turnstile, radiating types 
and other combinations for roof, 

sidewall and other mountings. 
MARINE ANTENNAS  . . . Collapsible 
ond transmitting types for every 

purpose. 
For POLICE and other mobile units  . . • 
roof-top antennas for ultra-high 

frequencies. 

WE INVITE INQUIRIES AND CONSULTATIONS. 

1000-°-*N ii 

No. 1030 Direct Reading 
Low Frequency "0"  In-
dicator  "0"  .5  to  5110 
Frequencies  from  50. 
50.000 Cycles 

LABORATORY TEST EQUIPMENT 

by FREED 

No. 1020 Direct Reading 
Merlohmeter  up  to 
1.000.000  megohms.  Self 
Contained A.,. Upur.rterl 

Send tor 

Descr,ptive 

LoteraturC 

No.  1050 60 
Cycle Filter 

No. 1010 Com-
parison  and 
Limit  Bridge. 
Self Contained. 
A.C.  Operated 

No. 1040 
Wide Range 
Vacuum Tube Voltmeter 

FREED TRANSFORMER COMPANY, INC., 72-78 Spring Street, N.Y.C. 

it untinued /runt page 514) 

DEVELOPMENT ENGINEERS 
Brooklyn engineering and manufactur-

ing company, established in naval fire 
control and precision instrument work, 
requires qualified engineers for servo-
mechanism and related development pro-
gram. Positions require mature, respon-
sible engineers with analytic as well as 
laboratory background, and 5 years' ex-
perience  in  fundamental  development 
work. Facility in applied mathematics and 
advanced circuit development requisite. 
Starting salary commensurate with ex 
perience, and subsequent rewards com-
mensurate with accomplishment. Box 456. 

RADIO ENGINEER 
Graduate ratlio engineer for research 

and development work on high frequency 
antennas and transmission line. Firm is a 
progressive subsidiary corporation of one 
of the nation's largest radio manufac-
turers, and is located in the Middle West. 
Salary to be commensurate with qualifica-
tions of accepted person. Box 454. 

RECEIVER MECHANICAL DESIGN 
ENGINEER 

Well known eastern manufacturer of 
broadcast and television receivers will 
employ one thoroughly experienced and 
highly competent man to head up their 
mechanical design staff. Only those who 
are easily qualified for above will be con-
sidered. This position will be filled without 
delay so your application must be received 
promptly. It will be held in confidence. 
Box 464. 

,* 1 .111  *  * 

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 
column, 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 within a 
period of one year. 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 number of insertions is 
three per year. The Institute necessarily 
reserves the right to decline any announce-
ment without assignment of reason. 

ELECTRONICS ENGINEER 
B.S.E.E., Iowa State. M.S.E.E. Pur-

due.  Columbia,  Bowdoin and  M.I.T. 
trained Naval Electronics Officer. Two 
years part time commercial broadcasting. 
Two years Naval radar radio afloat. One 
year electronic research. Phi Beta Pi, 
Theta Kappa Nu. Box 81 W. 

(Continued on page .58.4) 
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The clock on the studio wall and the important 
warning signal below it are two ever-present reminders 
on which radio broadcasting depends. 
Today, approximately half the time this warning 

signal appears in the broadcasting stations throughout 
the country, the studio clock is measuring the time of 
transcribed programs. This large proportion of broad-
cast time devoted to recorded programs is a significant 
tribute to the advancement in the quality of sound 

AUDIO 

recording and reproduction. 
In this spectacular trend of broadcasting, AUDIO-

DISCS have played a basic role. These recording discs 
are the ones most extensively used for instantaneous 
recording, for the original sound recording in making 
pressings and for the Master discs used in the electro-
plating process. 
If it's worth recording —it's worthy of an AUDIO-

DISC. See your local AUDIODISC distributor or write: 

DEVICES, INC., 444 Madison Avenue, New York 22, N.Y. 
Export Department Rocke International Corp., 13 E. 40th Street, New York 16, N.Y. 

Audiodiscs are manufactured in the U. S. A. under exclusive license from PYRAL, S. A. R. L., Paris. 

imed/4.im4e4eO uLdiodiscs 
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langevin 
Broadcast Audio Facilities 

... featuring the Langevin Type 111-A, Dual Preliminary 

Amplifier; gain 47 DB; output level + 16 DBM; input 

impedance 30/250/600 ohms; output impedance 600 

ohms. This amplifier con be used also as a booster .. 

...in addition, the Langevin Type  102-A Program 

Amplifier is available from stock; gain 55 DB; output level 

4-28 DBM; input impedance 30,250/600 ohms; output 

impedance 600 ohms. This unit has provisions for 

decreasing the gain to 45 or 35 DB ... 

...in order to provide for the broadcaster's monitoring 

facilities, Langevin is ready to ship the Type 108-A 

Amplifier; gain 43 or 63 DB; output level 4-43 DBM 

(20 watts); input impedance 600/25,000 ohms; output 

impedance 8/500 ohms ... 

.. olio available for immediate shipment are the langevin 

him 201-8 Rectifier and Type 114-A AC, DC Monitor 

Amplifier, a 4 watt unit. 

THE langevin CO. 

INCORPORATED 

•0UND REINFORCEMENT and REPRODUCTION ENGINEERING 

NE W TORN. 37 W. 65 ST.. 23 
SAN FRANCISCO  LOS ANGELES 

Positions Wanted  
(Continued from page 56,4) 

JUNIOR ENGINEER 

B.E.E., Cornell University, 1946. Age 
21. Single. Desires position in radio, tele-
vision or electronics.  Prefer Detroit 
area Box 83 W. 

ENGINEER—FOREIGN SERVICE 

B.S. Harvard University. Captain in 
the U. S. Army Signal Corps as a radar 
officer; hold both 2nd Class Radiotele-
graph and 1st Class Radiotelephone op-
erators licenses, as well as Class "A" ama-
teur; 26 years old; speaks Spanish and 
French fluently besides a little German 
and Chinese; VERY willing to work in 
foreign country, especially South Amer-
ica. Box 84 W. 

SALES ENGINEER 

M.S.  In E.E., Boston College, 1940. 
B.S., Boston College, 1938. Age 30. Two 
years teacher, public schools, college 
physics. Fellowship, Boston College. De-
sires position in technical sales or appli-
cation engineering field. Has had experi-
ence as research physicist, production 
engineer, assistant sales engineer. Prefers 
New England location. Box 85 W. 

ENGINEER 

B.E.E., Rensselaer, Army officer, Har-
vard and M.I.T. training, teaching elec-
tronics at night, college level, 3 years ex-
perience with LORAN, Countermeasures 
equipment, and servos, 1 year experience 
in the coke industry. Desires association 
with the electronic industry in Boston, 
Mass. Box 86 W. 

JUNIOR ENGINEER 

Completing Junior Engineering, two 
non-electrical courses for B.E.E. degree 
N.Y.U. Desires work in Industrial Elec-
tronics or Sales Engineering in metro-
politan area. Age 29. Details on request. 
Box 87 W. 

ELECTRONICS ENGINEER 

Experienced receiver and transmitter 
design and production, F.M., A.M.; B.S. 
London. Age 31. 1934-37, RX designer 
large British radio firm; 1937-39 Air 
Ministry production of airborne RX and 
TX equipment; 1935-45 R.A.F. pilot, 3500 
hours, transatlantic Captain; 1945 to 
date, Technical Director large Broad-
casting Station designing FM equipment, 
and color television, Speak French, well 
traveled. Desire position Connecticut or 
New York area. Consider representation 
or sales engineering. Box 88 W. 

ELECTRONIC ENGINEER 

B.S.E.E. 1943. Now studying for M.S. 
Harvard, expect degree June 1947. Age 
25. Single. Two years industrial research; 
Harvard-M.I.T. trained electronic-radar 
officer; 1 year experience with radar, 
sonar, radio and loran aboard ships; 
years Naval Research Laboratory research 
and development of new radar system. De-
sires position involving electronic design 
and development. Location East Coast, 
preferably Philadelphia-New York area. 
Box 89 W. 

(Continued on page am) 

MAX 

Corulite 

Elements 
MINRIPv, W 

The Ideal Ele ment 

to Use in Building 

Horizontal Arrays 

Premax Corulite Elements are de-

signed to meet the need for light-

weight but sturdy elements for use 

in horizontal arrays and similar ap-

plications. They are exceptionally 

light in weight and their special de-

sign provides the necessary strength 

and rigidity so essential in hori-

zontal types of installation —and at 

an extremely low cost. 

Available in one,"two, three and 

four section units, fully telescoping 

one within the other and adjustable 

between 4' and 17' lengths. They 

meet  all  requirements  for  the 

various 5 to 20 meter arrays in gen-

eral use and are ideal for combina-

tions in the commercial, FM, tele-

vision and amateur bands. 

Send at once to your jobber for a copy of the 
NE W Premax Catalog. It shows the complete line 
of Vertical Antennas in Steel, Aluminum, Monet 
and Stainless, as well as Corulite Elements and 

other elements for arrays. If your jobber can't 
supply you, write direct, giving us his name. 

l'ONIA' 1'0 1/CIS 
Division of Chisholm-Ryder Co., Inc. 

4713 Highland Ave., Niagara Falls, N.Y. 
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SI MULTANEOUS TRANSMISSION 

Simultaneous Transmission on several frequen-

cies brings new flexibility a nd operational 

ease. Three operators can use the transmitter 

at one time, thus increasing by 3 times the 

volume of traffic normally handled. 

EASY MAINTENANCE 

t is instantly removabl 
Every major componen  e 
by means of plugs and receptacles, providing 

complete accessibility and easy maintenance. 

COMPACT CONSTRUCTION 

Housed in a single steel cabinet, the rectifier, 

modulator, remote control equipment, and 4 

transmitting channels combine to make the 

most compact multi-frequency transmitter in 

the 400-watt field. 

Watt  #7ree Catalog  • 

TOMORROW'S TRANSMITTER TODAY 
WILCOX ELECTRIC 
CO MPA NY,  IN C. 

Kansas City 1,  Missouri 
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WOLLASTON PROCESS WIRE 

drawn as smal: as .000010"; 

Made to your specifications 

for diameter and resistance 

WRITE for list of products. 

g i g 41 411  W A U$ 4 4,44 i 

Positions Wanted 
(Continued Irons page 58A) 

INSTRUCTOR 
B.S.E.E. '43 Washington U., M.E.E. 

Cornell due in June; Bowdoin, M.I.T. 
Radar School; Experience, some radio 
industry, some teaching, Navy Elec. Off.; 
Tau Beta Pi, Sigma Xi, Ham; married. 
Midwest preferred. Box 90 W. 

JUNIOR ENGINEER 
Age 23, married, two children. Experi-

enced in design and all other phases of 
aids to aeronautical navigation, radio com-
munications  and  broadcasting,  radar, 
GCA, etc. 1st Class phone license. Now 
in charge of a CAA communications sta-
tion. Prefer West Coast. Résumé on re-
quest. Dan W. Crockett, MTIC, UMIAT 
Radio, c/o Box 1310, Fairbanks, Alaska. 

ENGINEER 

B.E.E. by February 1947. Senior work 
in E.E. completed. Requires two non-elec-
trical subjects for degree now taking in 
evening school. Age 27. Desires start in 
electronics field. Army meteorologist. Box 
47 W. 

COMMUNICATIONS ENGINEER 

B.S. Engineering, Physics. Toronto. 
Age .26. Three years Naval officer in 
charge of operating and maintaining all 
radar equipment aboard cruiser. One 
year field engineering commercial fre-
quency modulation radio. Seeks oppor-
tunity for original work in electronics, 
U. S. or Canada. Box 49 W. 

ENGINEER 

B.S.E.E. Age 33; married. M.I.T.-Har-
yard trained electronics-radar officer, Sig-
nal  Corps, desires  position of sales 
engineer or development of radar and al-
lied fields.  Sales, administrative,  and 
manufacturing experience. Box 50 W. 

ENGINEER 

B.S.E.E. Purdue University and Massa-
chusetts Institute of Technology elec-
tronics officer. Age 28; married. Experi-
ence with naval radar, sonar, and loran 
while serving three years afloat. Civilian 
experience in transformer design and with 
utility. Desires permanent position in 
Midwest. Box 52 W. 

ELECTRON ICS TECHNICIAN 

Three years teaching, total experience, 
13 years. Desires opportunity in research 
laboratory, teaching, frequency-modula-
tion or television radio station work, 
theatre sound maintenance, or commercial 
sound work. Box 53 W. 

ELECTRONICS ENGINEER 

B.E.E. 1944, Northeastern, Tufts. Age 
24,  Annapolis  Reserve  Midshipmen 
School. Navy officer radar course at Bow-
doin and M.I.T., sea duty on destroyer. 
Employed nearly one year by Army Air 
Forces as electronic engineer. Member 
Tau Beta Pi. Box 62 W. 

ENGINEER 

B.S.E.E. 1938. Now studying manage-
ment engineering. 3 years Navy electronic 
officer and radar instructor. 3 years X-ray 
field, 1 year electronic design. Desires 
position in decent climate at sufficient 
salary to properly raise a family. Prefers 
managerial duties. Box 63 W. 

(continued on page 62A) 

tool 
ott oSItk 

* The Clarostat Series CIS At-
tenuator (shown) was developed 
to meet the need for a constant-
impedance attenuator capable of 

handling considerable power with 
low insertion loss. Provides linear 
attenuation with ample power-
handling capacity. 

Recommended as output level con-
trol for power amplifiers, or as input 
attenuator for individual loudspeak-
ers in P-A system. 

Dissipates 10 watts at any setting. 
Linear up to 30 db. in 10 steps, be-
ginning with absolute zero and pro-
gressing in 3 db. steps up to 24, and 
then 30, followed by infinity. 

Available  in  several obmages  to 
meet all requirements. Fibre-glass 
resistance  elements.  Single-hole 
mounting. Only 73z4" long by 2" di-
ameter. 

* DATA on request... 
Write for Bulletin 111 on Series CIB Attenu-
ator. If interested in L-pads and T-pads, ask 
for Bulletin 102, as well. 

CLAYOSTAT MEG. CO., Inc. • 285-1 N. 6ta St., Brooklyn, N.Y. 
60A 
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SMALLER, LIGHTER 

• EVEREADY„ 
BATTERY 

for more compact 
portables! 

SPECIFICATIONS: 

Voltage: 
"A"-9, tapped at 71/2. 

Size: 
9 7/32" x 2 23/32" x 4 tIlt . 

Net weight: 
4 lbs. 15 oza. 

NOW the "Eveready" combination "A-B" 90-volt 
battery pack is available in even a smaller size... 
for the more compact, lighter portables. This pack 
provide's plenty of power—it will last longer than 
any other "A-B" pack of comparable size. 
This longer life is the result of the exclusive flat-

cell principle found only in "Eveready" "Mini-Max" 

batteries. 
It will pay you, in designing your new portables, 

to take advantage of this powerful, lighter-weight, 
smaller "Eveready" battery pack. For more details, 
consult National Carbon Company, Inc. 

EVEREADY 
TRADE-MARKS 

MINI-MAX 

Will outlast any 
other battery pack 
of its size! 

• Ordinary battery (left) is made of round cells and wasted 
space! "Eveready" battery (right) is made of flat cells—no 

space between them wasted by air, pitch, or cardboard! 

The registered trade-marks "Eveready" and "Mini-Max" 

distinguish products of 

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

Unit of Union Carbide and Carbon Corporation 

RADIO BATTERIES 
PROCEEDINGS OP THE I.R.E. April, 1947 
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Here's a NEW 
Line of 

AC and DC 
Panel Instruments 

TYPES: 
Ammeters, AC and DC 
Milliammeters, AC and DC 
Voltmeters, AC and DC 
Resistance Meters 

ACCURACY: 
AC meters are double-vane, repulsion 
type; DC meters are polarized-vane, 
solenoid type. Accuracy, well within 5%. 

CASE STYLES: 
Three basic styles, all requiring 2-7/64" 
hole; round or rectangular; mounted by 
flange, ring or clamp. Certain DC models 
available with zero adjuster. Inter-
changeable with popular type of instru-
ment formerly available. 

FEATURES: 
Rugged  Construction:  Metal  cases, 
molded inner unit with coil frames and 
insulators integral for maximum rigid-
ity. 

Attractive Appearance: Neatly styled 
cases finished in dull telephone black 
with concealed coils and full-view scales. 

All-Metal Dials: Made the same way as 
for much higher priced instruments, to 
withstand age and moisture. 

Reasonably Priced: Standard models are 
being produced in large quantities for 
industrial users, making possible a com-
plete line at moderate prices. 

For ranges, specifications, and 
mounting dimensions, send for 
Bulletin F-64.  Shurite Meters, 
67 Hamilton Street, New Haven 
8, Connecticut. 

ELECTRICAL MEASURING INSTRUMENTS 

Positions Wanted 

(Continued porn page 60.4) 

JUNIOR ENGINEER 

B.E.E. 1945. Age 21; single. Six months 
experience with Army Air Forces on 
very-high-frequency transceiver design at 
Wright Field, Ohio: Interested in com-
munications research (very-high-frequen-
cy or all other frequency ranges). Avail-
able December 1946. Location N.Y., N.J., 
Conn. New York City preferable. Box 
64 W. 

ENGINEER 

B.S.E.E. University of Pittsburgh. Age 
25; married. Officer Signal Corps, install-
ing transmitters, RTTY, and navigational 
aids for the Air Forces. Two years ex-
perience in electronics research laboratory. 
Desires position near Pittsburgh, Pa. Box 
65 W. 

ELECTRICAL ENGINEER 

B.E.E. 1945, College of the City of New 
York. Age 21; single. Worked several 
months in radio development. Desires de-
velopment work in radio or electronics in 
vicinity of New York City. Box 67 W. 

INVENTOR—ELECTRICAL ENGINEER 

Training in theoretical mechanics and 
electronics. Diversified experience. Har-
vard 1929. Desires part time position, re-
search and development, preferably on un-
usual project requiring best fundamental 
training and initiative. Location preferred 
Washington on East coast. Box 82 W. 

News—New Products 

These manufacturers have invited PROCEEDINGS 
readers to write for literature and further technical 
information. Please mention your I.R.E. affiloation. 

(Continued from to w 52,4) 

New Microphones 

Two modern, high quality, low-priced 
general-purpose  dynamic  and  crystal 
microphones are announced by Electro-
Voice, Inc., Carroll 
Street, Buchanan, 
Mich. It is stated 
that the frequency 
response is substan-
tially flat from 50 to 
8000 cycles and the 
polar  pattern  is 
non-directional  at 
low frequencies, be-
coming directional 
at higher frequen-
cies. Both known as 
Model  610,  the 
dynamic unit has 
an output level of 
minus 53 db at various impedances, and 
the crystal unit has a high-impedance 
output level of minus 48 db. 

(Continued on page 63A) 

JOHNSON R. F. Contactors were 
designed for switching high voltage, 
high current, R. F. circuits. Contacts 
are sectionalized to provide large con-
tact area, and through wiping action, 
are self cleaning. No holding current is 
required to operate, and either DPDT 
or SPOT types are available. 

Optional auxiliary switches oper-
ate low current control circuits, pilot 
lights, high current control circuits, or 
provide sequence operation of contact-
Ors. 

EledrIcal Reding  Type JR 
Solenoid Voltage  230/115V 

Contacts - Continuous 
Mos. R. F. current  50 amps. 

Voltage Breakdown 20,000V. 
peak 

Dimensions 
Width 
Length 
Height 

9 W 
12' 
5' 

Type JS 

230/115V 

30 amps. 

14,000V. 
peak 

6' 
9' 
4 W 

With *Make - Before - Break 
Switches meters may be inserted and 
removed from antenna or similar high 
voltage circuits without opening the 
circuit. They're designed with excellent 
R. F. insulation for high voltage break-
down and current carrying capacity. 

Data Sheets and Prices Available OA 
Request to Dept. WD. 

FOR BROADCAST STATIONS 

COMPLETE DIRECTIONAL ANTENNA 
SYSTEMS * HIGH VOLTAGE COM-
PONENTS * CO-AXIAL TRANSMISS-
ION LINE * F-M ISO-COUPLER * 
OPEN WIRE TRANSMISSION LINE 
SUPPORTS. 

JOHNSON 
6amoui name in. 12a110 

E. F. Johnson Co.  Waseca, Minn. 
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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 62A) 

Antenna Tuning Units 
Two new antenna tuning units are being 

introduced by the Raytheon Manufactur-
ing Company, 7517 N. Clark St., Chicago 
26, Ill. They are the RT-1000, which is 
suitable for AM broadcast stations of from 
250 to 1000 watts power, and the RT-5, 
which is suitable for AM stations of from 
5 to 10 kilowatts power. Both units are 
similar in all respects except the power 
which they can handle. 

These two antenna tuning units provide 
a convenient means for matching antennas 

of widely diverse characteristics to either 
concentric or open-wire transmission lines, 
and, it was pointed out, they possess ap-
preciable harmonic reduction properties. 
The circuit consists primarily of a single 
"T" section low-pass filter network which 
can be easily adjusted for the proper 
matching of the resistance of the antenna 
to the resistance of the transmission line. 

Audio Voltmeter 

REEVES-HOFFMAN 
CO R P O R A TI O N 

SALES OFFICE: 215 EAST  91  STREET, NE W YORK 28,  N.  Y. 

PLANT: 321  CHERRY STREET, CARLISLE, PA. 

Consisting of a precision attenuator, a 
three-stage high-gain stabilized amplifier, 
a balanced diode rectifier, a special direct 
current microammeter, and a regulated 
power supply, a new audio voltmeter, Type 
WV-73A, has been announced by the 
Radio Corporation of America, Camden, 
N. J. The unusual sensitivity of this unit 
makes it possible to measure the electrical 
conductivity of switches, circuit breakers, 
relays, buses and grounds, in addition to 
transmission losses in lines and circuits, 
and the response of special filters and com-

pensatorg. 
(Continued on pave 644) 
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THERMOSTATIC METAL TYPE 

DELAY RELAYS  
PROVIDE DELAYS RANGING 
FROM 1 TO 120 SECONDS 

EATURES:—Compensated for ambient temperature changes from 
—40° to 110° F ... Hermetically sealed; not affected by altitude, moisture 
or other climate changes .  Explosion-proof . . . Octal radio base .. . 
Compact, light, rugged, inexpensive . . . Circuits available: SPST Nor-
mally Open: SPST Normally Closed. 

PROBLEM? Send for "Special Problem Sheet" and Bulletin. 

AMPERITE REGULATORS 
1.11 

20 

rt 

IE10  
VOLTAGE or X4V 

BATTERY & CHARGER 
VARIES APPROX 

---------

50% 

•% "•%/40 

WITH AMPERITE 
VOLTAGE VARIES 
ONLY 

2.% 
Amperite REGULATORS are the simplest, lightest, cheapest, and most compact method 
of obtaining current or voltage regulation  . . . For currents of .060 to 8.0 Amps . . . 

Hermetically sealed; not affected by altitude, ambient temperature, humidity. 
Write for 4-page Illustrated Bulletin. 

AMPERITE CO., 561 Broadway, New York 12 , N. Y. 
In Canada: Atlas Radio Corp, Ltd, 560 King St., W. Toronto 
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for experienced 
cooperation 
call Cleveland 

4010 

applications of 

COS MALITE 
a spirally laminated paper 

base Phenolic Tube 

No. 96 Cosmalite for coil forms in all standard 

broadcast receiving sets. 

SLF Cosine,lite for permeability tuners. 

Advantages include lower costs and quicker 
deliveries 

Ask also about our spirally wound kraft and fish 

paper Coil Forms and Condenser Tubes 

• Trade Mark Registered 

74 CLE VEL A N D CO NT AI NER eci, 
6201 BARBERTON AVENUE  CLEVELAND 2, OHIO 

PRODUCTION PLANTS also at Plymouth, WISC.. Ogdensburg. N Y., Chocogo, III., Detroit, Mich.. Jamesburg, N. J. 

PLASTIC S DIVISIONS or Plymouth. Wisc., Ogdensburg, N. Y.  • ABRASIVE DIVISION tat Cleveland, Ohio 

N.  York Soles Office -11E16 Broadway. Room 223 

IN CANADA —The Cleveland Container Canada Ltd.. Prescott, Ontario 

Littelfuse neon-glow Flush-Lites and Post-
Lites assure quick orientation in the dark, 
locate instruments, switches, etc., on radar. 
television, communication and aircraft panels. 
As on-off indicators on radios, electric stoves 
and other electrical appliances they are ap-
proved by Underwriters' Laboratories, and 
last 15,000 hours or more. 

Jr 

Neon-gloss Safe-T-Plugs. built like standard 
plugs for use on non-thermostatically con-
trolled electrically heated appliances, glow 
when the appliance is on, and are required 
by Underwriters  Laboratories and most in-
surance companies to reduce fire hazard. 

For details request Littelfuse Catalog No. 9. 

0. 

s LITTE LFUSIE  z eco;oota d 

WITH LITTELFUSE NEON INDI-GLOWS! 

4791 N. RAVENS WOOD AVE.  CHICAGO 40, U.S. A. 

RITE.T.UTE • SWITCH LITE • IGNITIONIRITZ • NEON INDICATORS • SWITCHES • CIRCUIT BREAKERS • FUSES, MOUNTINGS AND ACCESSORIES 
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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 63,4) 

Condenser-Resistor 
Bridge 

A portable condenser-resistor bridge 
Type YCW-1, capable of measuring a wide 
range of capacity, resistance and other 
electrical characteristics of condensers, has 
been announced by the Specialty Division 
of General Electric Company's Electronics 
Department, Syracuse, N. Y. Designed 
primarily for production testing and radio 
servicing and featuring push-button switch-
ing, the instrument will also measure the 
turn-ratio of transformers. 

This unit will measure capacity from 
0.000005 to 200 microfarads in three con-
venient ranges, and resistance from 5 ohms 
to 20 megohms in two ranges. Using a 
Vein-bridge principal with standards of 
±1 % for capacitance and +2% for re-
sistance, bridge balance is indicated by an 
electronic visual-indicator tube. 

Twin Power Supply 

A new power supply featuring two inde-
pendent adjustable output voltages which 
remain constant regardless of variations of 
line voltage and the load connected to 
each output, is being manufactured by 
Furst Electronics, 800 W. North Ave., 
Chicago 22, Ill. A selector switch permits 
the operation of these two electronically-
regulated outputs, either singly, in series, 
or in parallel. A wide range of direct and 
alternating current, and voltage outputs 
are available in this Model 210 unit. 

.  (Continued on page 67A) 
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AT SHERRON 
STARTS HERE -IN m k 

THE LAB ORATORY .m 7  

PR OJECT YOUR  ELECTR O NICS 

wilammallunununimilii 
4 71k 

411 OR HERE - IN THE 
MANUFACTURING DIVISION 

EITHER WAY ... SHERRON CAN 
SERVE YOU ALL THE WAY... 

Sherron is set to mesh gears with your 

production program at any level... research, 

design, development and — or manufacturing. 

Our laboratory, particularly, is a highly 

developed facet of our service. The premises 

that assure manufacturing practicability are 

established here. The equipment used in this 

laboratory is the last word in electronic 

Sh error! 
Electronic!: 

research apparatus . .. and every laboratory 

worker is a thoroughly seasoned physicist, 

alert to the most advanced techniques. 

The same complete operation, which has allied 

Sherron with some of the foremost electronics 

manufacturers, is available to a few additional 

manufacturers ... Write for particulars of our 

definitive service to electronics manufacturers. 

SHER RON ELECTRONICS CO. 
Division of Sherron Metallic Corporation 

1201 FLUSHING AVENUE  • BROOKLYN 6, NEW YORK 
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VACUUM TUBE 
VOLTMETER 

SPECIFICATIONS: 

RANGE: Push button selection of five ranges -1, 3, 10, 
30 and 100 volts ac. or d.c. 

ACCURACY: 2% of full scale. Useable from 50 cycles to 
150 megacycles. 

INDICATION: Linear for d.c. and calibrated to indicate 
r.m.s. values of a sine-wave or 71% of the peak value 
of a complex wave on ac. 

POWER SUPPLY: 115 volts, 40-60 cycles—no batteries. 

DIMENSIONS: 43/4 " wide, 6" high, and 8 1/2" deep. 
WEIGHT: Approximately six pounds. Immediate Delivery 

MODEL 62 

Rs  

:::igfcstSlautagAlotRai:ninginiedAipdnaallitnr:dUtudiahliFbn:FA:14:1:1:„Ciet°r04;14(11:41 

osr  

lc eel 8:' ° 

Pulsocen e"rators 
FM  ceeraf°4 

meters ass oequence 

MEASURE MENTS  CORPORATION 
BO O NT O N  NE W JERSEY 

i .44) .4k.1..44 -LA.-ILA )  

llTRANSMITTING AND 
i 

SPECIAL PURPOSE TUBES 

1114""r  NEWARK NOW AGENTS OF 

WRITE foR 
NEWARK'S UST of TUBES 

Make Newark your 

source , too, for oll 

needed radio and elec-

tronic ports. Brisk, com-

petent service assures 

quick delivery. 

NEW YORK 
Offices & Warehouse 
242 W. 55* St, N.Y. 19 

WAR ASSETS ADMINISTRATION 
Newark has been appointed agents of the 
War Assets Administration for transmitting 
and special purpose electronic tubes. 

HUGE STOCKS! WIDE SELECTION! 
This means that you can now get prompt 
Newark service on the previously hard-to-
get tubes, priced at a fraction of their 
original cost. Make Newark your head-
quarters for tubes — whether it's for 
experimental work or production runs. 

ACTING AS AGENTS FOR WAR ASSETS ADMIN-
ISTRATION UNDER CONTRACT WAS(p) 7-167 

TELEPHONE 

Circle 6-4060  

New York City Stores, 115.17 W 45th St. & 212 Fulton St. 

• MAIL AND PHONE ORDERS 
FILLED PROMPTLY 

• WRITE. 242-N WEST 55th 
STREET, NEW YORK CITY 

SURPLUS 

Equipment 

SALE 
• Constant impedance type N co-

axial connectors: UG21U 750, 

UG22U 75e, UG24U 75e, UG25U 

75e, UG58U 75e, UG27U $1.00, 

UG29U  $1.00,  UG3OU  $1.00, 

UG83U $1.00, M359 adapter 50e, 
',ft.-2ft. length of RGIIU cable 

with PLZ59 connectors at each 

end $1.00. 

• Fixed attenuator, TPS-5IPB-20. 

20db attenuation, 50 ohm imped-

ance, with type N connectors at 
each end $3.50. 

• Microwave Generator TS155A/ 

UP, range 2700-2900 megacycles, 

pulse modulated 120-2000 pps, 

variable pulse width and delay, 
thermistor bridge, r.f, power 

meter for internal and external 
metering, and direct reading 

calibrated attenuator. 9 tubes, 

25" w., 151/4 " d., 121/2" h., com-

plete with connectors, cables 

and adapters, new $160.00. 

• Measurements Model 78B R.F. 

signal generator, 15-25 mc and 

150-230 mc, good working order 
$45.00. 

• 3" cathode ray radar indicator 

ID-93/APG-13A complete with 

3BP1 and 10 tubes, new, 115 v 
400 cps $25.00. 

• Radar receiver A N/APR-5A, 

1000-6000 megacycles, 15 tubes, 
115 volts, 60 cps, compact, brand 

new $150.00. 

• Silver button micas, 15 and 500 

mmfd, 500 vdc, 10e. Silver but-
ton mica feed thru capacitors, 

threaded, 500 mmfd 15f. 

• Oil filled capacitor, 1 mfd. 15000 

WVDC, GE  Pyranol 14F263 
$25.00. 

• 2mfd, 4000 WVDC, GE Pyranol 
23F47 $5.00. 

ELECTRO-IMPULSE 
LABORATORIES 

P.O. Box 250  Red Bank 

New Jersey 
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iltitiltcd from page 64A) 

Television Rectifier 
A high-voltage rectifier tube, Type 1Y2, 

designed for anode supply on direct-view 
or projection-type television tubes, has 
been developed by 
Chatham Electron-
ics, 475 Washing-
ton St., Newark 2, 
N. J. The peak in-
verse voltage rating 
is 50 kilovolts. Two 
tubes deliver  50 
kilovolts, direct cur-
rent, in a voltage-
doubler circuit, or 
25 kilovolts, direct 
current, when used 
singly.  Filament 
voltage is not crit-
ical—it May fluctu-
ate between 1.0 and 
1.65 volts. The fila-
ment is sufficiently 
rugged for 60 cycle 
operation and re-
quires low filament 
power making it equally adaptable to an 
RF filament supply, it was pointed out. 
Inter-electrode capacitance and absence of 
back emission prevents undue loading of 
the oscillatory circuit in RF applications. 

Constant Speed DC Motor 

An improved model of a constant speed 
direct current motor has been developed 
by the Amglo Corporation, 4234 Lincoln 
Ave., Chicago 18, III. The new motor 
utilizes the principle of polarized magnetic 
drive of a vibrating reed, the nucleus of 
speed control with direct-current power, 
which provides immediate self-starting. 

-  _ 

3 COM MON .PROBLE MS 
IN RADI O AND ELECTR O NIC EQUIP ME NT DESI G N 

ONE SI MPLE ANS WER 

This improved unit when tested under 
actual working conditions consumed only 
from 0.06 to 1.0 watt from either battery 
or direct current line sources. Shaft speeds 
were geared from one revolution each 24 
hours to 100 revolutions per minute, pro-
viding clock-like accuracy previously pos-
sible with only alternating-current units. 
The new motor is small enough to be held 
in the palm of the hand and is designed to 
operate at one of several voltages between 
3 and 110 volts direct current. 

(Continued on Pope 68A) 
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1. REMOTE CONTROL — Where equip-
ment contains variable elements which must be regulated 

from remote points, S.S.White remote control flexible shafts 

satisfy every need for easy installation and smooth, sensitive, 

dependable operation over distances up to 50 feet or more. 

2. PO WER DRIVE — Where equipment in-
cludes instruments or other mechanisms requiring rotary 

power drive, S.S.White power drive flexible shafts meet 

every need for positive, reliable, trouble-free operation 

between practically any two points, regardless of curves 

obstacles or distance. 

3. COUPLING—Short lengths of S.S. 
White flexible shafting used inside equipment to 

couple variables to their controls, give full free-

dom in placing both the elements and the dials 

for space saving, easy assembly and wiring, and 

convenient operation and servicing. 

WRITE FOR FLEXIBLE SHAFT HANDBOOK 
The 260-page flexible shaft handbook gives the full story of flexible shafts 
and their application. A copy is yours—free —if you request it on your 
business letterhead and mention your position. 

Si. WHITE INDUSTRIAL DIVISION 
THE S. S. WHITE DENTAL MFG. CO.   

DEPT. G 10 EAST 40th ST., NEW YORK 56, N. Y.  
M INI M  •  ILO lllll SNAIL toots  •  •I•C•••/ ACCISSONILL 

SM•II CUIIING AND GI MPING M OIL  •  1•1 0111•1011.41.11• UNBINDS 

MOLOID mamas • PLASTIC MICLU NIS  • DOKIIIACI PLASTICS MOLDING 

Ace ad if 444eAlca:ii .444,4 Tr a.144117411 Eisterfrade4 
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News—New Products 

a discussion of 
electronics in action 

ELECT,RONICS 
or 

INDUSTRY 
By WALDEMAR I. BENDZ 

Westinghouse Electric Corporation, Boston, 
Mass. 

Assisted by CHARLES A. SCARLOTT, Editor, 
"Westinghouse Engineer" 

This new book clearly and concisely explains the 

principles of industrial electronics, describing the 

various types of electronic tubes, their functioning 

and the basic circuits in which these are used in 

many industrial devices. Electronics is discussed 

from the physical point of view. Numerous dia-

grams, rather than the usual mathematical explana-

tions, help clarify the discussions. Photographs 

and brief explanations throughout the text show 

the tasks performed by many electronic devices in 

industry. Presupposing an understanding of the 

fundamentals of electric circuits, ELECTRONICS 

FOR INDUSTRY does not concern itself with 

detailed proof of theories. However, numerous 

footnotes refer the reader to other sources for the 

study of theory and specific design. Each chapter 
concludes with a summary of the important points 

discussed, plus a carefully prepared reference list 

for further detailed study of each subject. 

Subjects discussed are — 

• MEET THE ELECTRON 
• ELECTRON ESCAPE FROM SOLIDS—EMISSION 
• ELECTRICITY FROM LIGHT 
• ELECTRICITY INTO LIGHT 
• TWO-ELEMENT TUBES 
• THREE-ELEMENT PLIOTRONS 
• MULTIGRID PLIOTRONS 
• THYRATRONS 

• FROM ALTERNATING TO DIRECT CURRENT 
• MERCURY-POOL TUBES 
• AMPLIFICATION 
• PRINCIPLES OF OSCILLATION 
• MODULATION AND DETECTION OF CARRIER 

WAVES 

• HEATING BY HIGH FREQUENCY 
• BASIC CIRCUITS OF ELECTRONIC CONTROL 
• INDUSTRIAL APPLICATION OF ELECTRONIC 

CONTROL 
• ELECTRONIC REGULATORS 

March 1947  501 Pages $5.00 

ON APPROVAL COUPON 
IMMO M =1 = NIP =III MB 

r   

I JOHN WILEY & SONS. INC. 
▪ 440 Fourth Avenue. New Yor k 16. N.Y.  IRE-4-47 I 
! Please send me • copy of Bendz ELECTRONICS 2 
I FOR INDUSTRY on ten days' approval. If I desire I Ito keep the book. I win remit $5.00 plus postage: 
otherwise. I will return the book postpaid. 

1 I Name 

▪ Address   

City   State 
I  (Approval offer not valid outolde U. S. 

mom  - -mom M EI E MI M E 
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These manufacturers have invited PROCEEDINGS 
readers to write for literature and further technical 
information. Please mention your IRE, affiliation. 

(Continued from page GA) 

Cable Tester 

Operating on the same core-loss principle 
as the acyclograph" but eliminating those 
features.not required for testing wire rope, 
a new cable tester has been announced by 
the Allen B. DuMont Laboratories, Inc., 
2 Main Avenue, Passaic, N. J. In addition 
to the instantaneous reading on the oscillo-
graph screen as the cable passes through 
the test coil, provision is made for record-
ing a permanent record. 

By proper choice of test frequency and 
adjustment of instrument circuits, the 
meter response can be made linear with 
respect to increases in stress in the wire 
rope over a limited range. A 110-volt relay 
is also provided which can be set to operate 
at any desired level to operate a warning 
signal to indicate if the properties of the 

rope change more than an allowable 
amount. 

Very-High Mu Triode 

A new very-high-Mu Triode, Type NU-
2C53, with an application factor of 500 at 
plate-voltage ratings of from 1 to 8 kilo-
volts has been re-
leased by the Na-
tional Union Radio 
Corp., 57 State St., 
Newark 2, N. J. At 
lower plate voltages 
between 250 and 
400 volts, it is possi-
ble to obtain single-
stage amplification 
of from 250 to 300 
times.These charac-
teristicsareachieved 
in the small receiv-
ing-tube size struc-
ture which makes it 
adaptable in instru-
ment, test equip-
ment, pulse ampli-
fier, and regulated 
power-supply design where space economy 
is an important factor. 

(Continued on Page 69A) 

Specify 

MYCALEX 
LO W 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. 

for every 

photo tube 

application 

is 0 ihere 

Sens" viigh 

There is a Rauland VISITRON 
available for every phototube 
application . . . for industrial 
electronic control devices, 
sound-on-film, research and de-
velopment. For high sensitivity, 
uniformity and dependability, 
Rag/and V ISITRONS are the 
preferred phototubes. 

Specify VISITRON ... and be sure! 
Send for valuable Rau/and 
VISITRON Catalog—it's yours 
for the asking. 

THE RAULAND CORPORATION 
CHICAGO 41, ILLI NOIS 

RADIO  L L UJ tI Ji4i  RADAR 

SOUND • COMMUNICATIONS • TELEVISION 
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(Continued front page 68.4) 

Modulation Meter 

A new modulation meter operating with-
out vacuum tubes and requiring neither 
batteries nor line power has been an-
nounced by Sylvania Electric Products 
Inc., 500 Fifth Avenue, New York 18, 
N. Y. It is designed primarily for use in the 
amateur phone bands between 3.5 and 54 
megacycles. This new meter, Type X-7018, 
provides a compact light-weight instru-
ment for determination of the modulation 
percentage of either a sine-wave-modulated 
or a voice-modulated carrier, as well as giv-
ing an indication of carrier shift. 

Tube and Battery Tester 

CATHODE FOLLOWER 
BASIC PATENTS 

• NOTICE TO MANUFACTURERS 

Licenses are now available for the use 
of Cathode Follower circuits in all types 
of electronic and communication ap-
paratus 

• 

Inquiries 
Are Invited 

• 

REMCO ELECTRONIC, INC. 
Formerly Revelation Patents Holding Co. 

33 WEST 60TH ST., NE W YORK 23, NE W YORK 

Precision Apparatus Co., Inc., 92-27 
Horace Harding Blvd., Elmhurst, L. I., 
N. Y., announce their 954-P electronamic 
tube-battery and set tester which is a 
portable combination mutual-conductance 
type vacuum-tube tester, radio battery 
tester and 37-range alternating and direct 
current multi-range set tester, with ranges 
to 6000 volts AC and DC utilizing a 20,000 
ohms-per-volt meter. 

PROCEEDINGS OF VIP I.R.S.  April, 1947 

New . . . Improved 

ATTENUATORS 
by TECH LABS 

"New Times —New Modes", says old proverb.  These new 
attenuators were born to meet new war-created demands 
They represent a new medium frame size: Type 800 12 1/4" 
dia.I and a larger size: Type 900 13" dial.  The Type 800 
is supplied as potentiometer, rheostat, ladder and T-pad up 
to 20 steps.  The larger size Type 900 Is similarly furnished 
with up to 45 steps.  Write for new bulletin. 

7, LABOR ATORIES, INCA, 

Manufacturers of Precision Electrical Resistance Instruments 

337 CENTRAL AVE. • JERSEY, CITY 7, N. J. 
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PROFESSIONAL CARDS INDEX AND DISPLAY ADVERTISERS 
W. J. BROWN 

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, Yellowstone 7771 

EDWARD J. CONTENT 
Acoustical Consultant 

Functional Studio Design 
FM - Television - AM 
Audio Systems Engineering 

Roxbury Road  Stamford 3-7459 
Stamford, Conn. 

HERBERT A. ERF 
Architectural Acoustics 

Consultant 
STUDIO DESIGN 

Standard Broadcast—FM—Television 
Cleveland IS, Ohio 

3861) Carnegie Avenue  EXpress 1616 

DAVID C. KALBFELL, Ph.D. 
Engineer — Physicist 

Complete laboratory facilities 
Industrial instrumentation and control 

Broadcast engineering and measurements 
941 Rosecrans St.  Bayview 7303 

San Diego 6, California 

ROBERT E. McCOY 
Consulting Engineer 

Electrical Design and Theory 
DC to UHF 

301-302 Concord Bldg., Portland 4, Oregon 

JAMES R. WALKER, B.S.E.E., M.S. 
Consultant on Industrial Electronic Applications 

and Electrical Devices for Physical 
Measurements 

Complete Lab. Facilities 

156 Pa!lister, Detroit, Mich. 
Phone MA 1243 

Paul D. Zottu 
Consulting Engineer 
Industrial Electronics 

High Frequency Dielectric and Induction 
Heating Applications, Equipment Selection. 
Equipment and Component Design, Develop-
ment, Models. 
272 Centre St., Newton, Mass.  BIG-9240 
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5 among the Superior Features a of M IX Varnished 

Tubing Products... is Good 

v\InlvtisvAtithluml 

COMPLETE 
IMPREGNATION 

DIELECTRIC 
STRENGTH 

FLEXIBILITY 

COMPLETENESS 
OF LINE 

An important factor in both cost and high 
production of electrical devices is ease of as-
sembly. Dieflex varnished tubings and saturated 
sleevings are non-fraying products with unusu-

ally good push-back characteristics. It is easy 
to solder and join connections and to splice 
with Dieflex due to these push-back and non-

fraying qualities. 
The physical properties of Dieflex Varnished 

Tubing Products are unusually good because of 
the specially formulated oleoresinous impreg-
nating type baking varnish used. Both cotton 
and glass fiber types offer advantages in assem-
bly time saved and increased product life. Be 
sure of getting the best .. . specify "Dieflex." 

NON-FRAYING 

SMOOTH 
INSIDE BORE 

UNIFORMITY 
OF PRODUCT 

DIEFLEX PRODUCTS LIST 
MADE WITH BRAIDED COTTON SLEEVING BASE 

VIA Grade A-1 Magneto Grade Varnished Tubings —VTA 
Grade B-1 Standard Grade Varnished Tubings—VTA Grades 

C-1 and C-2 Heavily Coated Saturated Sleevings —VTA 
Grade C-3 Lightly Coated Saturated Sleevings —Heavy Wall 

Varnished Tubings and Saturated Sleevings. 

MADE WITH BRAIDED GLASS SLEEVING BASE 
VTA Grade A-1 Magneto Grade Varnished Fiberglas Tub-
ings —VTA Grade C-1 Extra Heavily Saturated Fiberglas 

Sleevings —VTA Grade C-2 Heavily Saturated Fiberglas 
Sleevings —VTA Grade C-3 Lightly Saturated Fiberglas 

Sleevings —Silicone-Treated Fiberglas Varnished Tubing' 
and Saturated Sleevings. 

EPP INSULATION 
MANUFACTURERS CORPORATION 

CHICAGO 6 
565 W. WASHINGTON BLVD. 'S. C161 ,00 

CLEVELAND 14 
1231 SUPERIOR AVE., N. E. 

MILWAUKEE 2 — 312 East Wisconsin Ave.  DAYTON 2 — 1315 Mutual Home Bldg. 

Representatives In: DETROIT 2 — 11341 Woodward Ave. 

MINNEAPOLIS 3 — 1208 Harmon Place  • PEORIA 5 — 101 Heinz Coert 



Frequency-Modulation radio reception is virtually free from natural static—even thunderstorms do 

FM Radio-another world in listening pleasure! 

It's as though the orchestra were right 
in the room with you — and the room 
suspended in the silence of space. When 
you listen to music over RCA Victor 
FM, you hear FM at its finest. 

Natural static interference ordinarily 
caused by thunderstorms does not mar 
FM radio reception. You are in a differ-
ent, new world of utter quiet where you 
hear only the lifelike music. Moreover, 
you enjoy the same perfect reception 
day or night. 

The vast experience, research and 
skills at RCA Laboratories, such as 
aided in the development of RCA Victor 

FM, are constantly applied to all RCA 
products, so that each one is always at 
the top of its field. 

And when you buy anything bearing 
the RCA or RCA Victor name—whether 
it's a radio (standard, or FM, or both), 
a television receiver, Victrola radio-
phonograph, a phonograph record or a 
radio tube, you know you are getting 
one of the finest of its kind that science 
has yet achieved. 

•  •  • 
Radio Corporation of America, RCA Building, 
'Radio City, New York 20 . . . Listen to The 
RCA Victor Show, Sundays, 2:00 P.M., East-
ern Time, over NBC. -v,c1,010.. TM. Reg. U. S. Rol. Off 

not interrupt. 

With the new RCA Victor AM-
FM sets you'll hear FM radio—and 
standard AM radio too, at their 
finest. Ask your RCA Victor dealer 
for a demonstration of the fine new 
Crestwood series of Victrola AM-
FM radio-phonographs. 

R A DI O C O R P O RA TI O N of A ME RICA 

1 
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profit engineerinq 
with 0-1) Capaoitors 

Perhaps you're starting from scratch 

with a completely new product. Maybe 

you're sprucing up an old one. Or pos-

sibly you'd like to tighten assembly 

costs—bring your soaring break-even 

point back to carth. Regardless of what 

your specific problem may be, if capac-

itors play a part in your plans, C-D 

engineers can do a job of profit engi-

neering for you. 

Unequalled specialization has enabled 

us to design and build over 250,000 

different types of capacitors. Typical of 

this experience are the capacitors shown 

below—designed by C-D engineers to 

meet the specific production and profit 

problems of manufacturers like yourself. 

CATALOG OF STANDARD TYPES 

AVAILABLE ON REQUEST 

Cornell-Dubilier Electric Corporation. 

Dept. M4, South Plainfield, New Jersey. 

Other large plants in New Bedford, 

Worcester and Brookline, Mass, and 

Providence, R. I. 

MI C A  •  DY K A N OL  •  PA PE R  •  EL E C T R O L Y TI C 

1910 

TY PI C A L 

1 947 

M A D E - T O - O R D E R  C A P A CI T O R S 

DESIGNATED AS THE TYPE HKG SERIES, these hermetically-sealed capacitors are available in a wide range of capacities at 2,000 

and 2,500 V.D.C. Ruggedly constructed, they embody the research experience of over 37 years devoted exclusively to capacitors-



TYPE 727-A 
VACUUM-TUBE VOLTMETER 

This general-purpose, battery-operated v-t 
voltmeter is for use at frequencies up to 
about 100 megacycles. 

RANGE — 0.05 volt to 300 volts ac, in seven 
ranges (0.3, 1, 3, 10, 30, 100, 300 volts, 
full scale) 

ACCURACY — With sinusoidal voltages ap-
plied, the accuracy is ±3% of full scale 
on the 0.3-volt range and ±2% of full 
scale on all other ranges. Periodic check-
ing of the full-scale sensitivity will give cor-
rections to be made to eliminate effects 
of aging on the higher voltage ranges. 

WAVEFORM ERROR — On lowest ranges the 
instrument approximates a true square-
law device. It is calibrated to read the 
r-m-s value of a sinusoidal voltage. On 
the higher voltage ranges it is essentially 
a peak-reading instrument calibrated to 
read 0.707 of the peak values and on dis-
torted waveforms the percentage deviation 
from r-m•s values may be as large as the 
percentage of harmonics present. 

FREQUENCY ERROR — Less than  I%  be-
tween 20 cycles and 30 Mc. At 65 Mc the 
error is about ±5% and at 100 Mc about 
±10%. 

INPUT IMPEDANCE — The input capacitance 
Is about  16 micromacrofarads. Parallel 
input resistance (at low frequencies) is 
about 5 megohms on the lower ranges 
and about 3 megohms on the upper. 

PRICE: $125* 

TYPE 728-A 

D-C VACUUM-TUBE VOLTMETER 
This battery-operated v-t voltmeter is 
designed for measuring d-c voltages in 
low-power circuits where no appreci-
able power can be taken by the meter. 
RANGE — 0.05 to 3000 volts in seven 
ranges (3, 10, 30, 100, 300, 1000, 
3000 volts, full scale) 

ACCURACY— Within ±3% of full scale 
on all ranges. If the full-scale sensi-
tivity is checked occasionally the 
effect of aging, on the higher voltage 
ranges, can be eliminated 

INPUT RESISTANCE — 1000 megohms 
on the ranges above 100 volts; 
greater than 5000 megohms on the 
lower 

TERMINALS — Two sets of input ter-
minals are provided; one for meas-
urements at the 0 to 30 volts end of 
the range and the other for higher 
voltages 

POLARITY — A reversing switch on 
the panel permits measurements 
with either the positive or the nega-
tive of the source grounded to the 
panel of the instrument. 

EFFECT OF A-C — A  superimposed 
a-c voltage of as high as 200 volts 
has negligible effect on meter indi-
cation 

PRICE: $125* 

• Plus to% temporary price increase, due to greatly increased costs 

TYPE 729-A 
MEGOHMMETER 

This battery-operated megohmmeter 
is particularly useful where portability 
is required. It is well suited to field 
measurements of leakage resistance of 
cables and insulation. 

RANGE — 2000 ohms to 50,000 meg. 
ohms in five overlapping ranges 

SCALE — Standard direct-reading ohm-
meter calibration is used; center 
scale values are .1, I, 10. 100 and 
1000 megohms 

ACCURACY — Within ±5% of the 
indicated  value  between  30,000 
ohms and 3 megohms when the 
central decade of the scale is used; 
otherwise the error is increased 
because of the compressed scale 

TEMPERATURE  AND  HUMIDITY — 
Effects of these are negligible over 
normal range of room conditions 
(65 to 95 deg. F.; 0 to 95% relative 
humidity) 

VOLTAGE ON UNKNOWN — Voltage 
applied to the unknown does not 
exceed 2234 volts and varies with 
meter indication 

PRICE: $95* 

THESE three accurate, highly stable and portable meters are all battery-operated and completely 
self-contained. They are housed in identical walnut cabinets 11 inches by 6% inches by 5% inches in 
size. Their accuracy is sufficient for a wide variety of measurements both in the laboratory and in 
the field. 
Other G-R meters include a portable a-c operated vacuum-tube voltmeter for audio and radio 

frequency measurements up to several hundred megacycles, a crystal galvanometer direct-reading in 
voltage between 30 and 1,000 megacycles, an a-c operated megohmmeter with a range of 2,000 ohms 
to 50,000 megohms, a counting rate meter for measuring random emanations from radio-active mate-
rials, three models of output-power meters, and an audio-frequency microvolter with an output 
voltage range of 0.1 microvolt to 1 volt. 
G-R meters are carefully designed, correctly engineered, ruggedly constructed and accurately 

calibrated to insure many years of useful life. 

WRITE FOR CO MPLETE INFOR MATION 

GENERAL RADIO COMPANY Cambridge 39, 
Massachusetts 

90 West St., New York 6  920 S. Michigan Ave., Chicago 5 950 N. Highland Ave., Los Angeles 38 


